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Doc Code: PA.. 
Document Description: Power of Attorney PTO/AIA/82A (07-13) 

Approved for use through 03/31/2021. 0MB 0651-0035 
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE 
REGISTERED PRACTITIONERS 

NOTE: This form is to be submitted with the Power of Attorney by Applicant form (PTO/AIA/82B) to identify the application to which the 
Power of Attorney is directed, in accordance with 37 CFR 1.5, unless the application number and filing date are identified in the Power of 
Attorney by Applicant form. If neither form PTO/AIA/82A nor form PTO/AIA82B identifies the application to which the Power of Attorney is 
directed, the Power of Attorney will not be recognized in the application. 

Application Number 

Filing Date April 13, 2022 

First Named Inventor Michael S. Gordon 

Title CONTROLLING DRIVING MODES OF SELF-DRIVING VEHICLES 

Art Unit 

Examiner Name 

Attorney Docket Number S974-012344 

SIGNATURE of Applicant or Patent Practitioner 

Signature /Ian D. MacKinnon/ Date (Optional) April 13, 2022 
Name Ian D. MacKinnon Registration 34,660 

Number 

Title (if Applicant is a 
juristic entity) 

Applicant Name (if Applicant is a juristic entity) 

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications. If 
more than one applicant, use multiple forms. 

lvl *Total of 1 forms are submitted. 

This collection of information is required by 37 CFR 1.131, 1.32, and 1.33. The information is required to obtain or retain a benefit by 
the public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 
1.11 and 1.14. This collection is estimated to take 3 minutes to complete, including gathering, preparing, and submitting the completed 
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require 
to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and 
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR 
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

ff you need assistance in completing the form, ca/11-800-PTO-9199 and select option 2. 

IPR2025-00943 
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Doc Code: PA.. 
Document Description: Power of Attorney 

PTO/AIN82B (07-13) 
Approved for use through 03/31/2021. 0MB 0651-0035 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number 

POWER OF ATTORNEY BY APPLICANT 

I hereby revoke all previous powers of attorney given in the application identified in either the attached transmittal letter or 
the boxes below. 

I Appl;cat;on Numbe, I Fmng Date 

I 
(Note: The boxes above may be left blank if information is provided on form PTO/AIA/82A.) 

0 I hereby appoint the Patent Practitioner(s) associated with the following Customer Number as my/our attorney(s) or agent(s), and 
to transact all business in the United States Patent and Trademark Office connected therewith for the application referenced in 
the attached transmittal letter (form PTO/AIA/82A) or identified above: I 

I OR 00164 
-~"-

□ I hereby appoint Practitioner(s) named in the attached list (form PTO/AIA/82C) as my/our attorney(s) or agent(s), and to transact 
all business in the United States Patent and Trademark Office connected therewith for the patent application referenced in the 
attached transmittal letter (form PTO/AIA/82A) or identified above. (Note: Complete form PTO/AIA/82C.) 

Please recognize or change the correspondence address for the application identified in the attached transmittal 
letter or the boxes above to: 

0 The address associated with the above-mentioned Customer Number 

OR 

□ The address associated with Customer Number: I j 
OR 

□ Firm or 
Individual Name 

Address 

City I State I I Zip I 
Country 

Telephone I Email I 
I am the Applicant (if the Applicant is a juristic entity, list the Applicant name in the box): 

!slingshot IOT LLC 
□ Inventor or Joint Inventor (title not required below) 

□ Legal Representative of a Deceased or Legally Incapacitated Inventor (title not required below) 

0 Assignee or Person to Whom the Inventor is Under an Obligation to Assign (provide signer's title if applicant is a juristic entity) 

□ Person Who Otherwise Shows Sufficient Proprietary Interest (e.g., a petition under 37 CFR 1.46(b)(2) was granted in the 
aoolication or is concurrently being filed with this document) (provide signer's title if applicant is a juristic entity) 

SIGNATURE of Applicant for Patent 

The undersigned (whose,-,i ~e is ~d below) is authorized to act on behalf of the applicant (e.g., where the applicant is a juristic entity). 

Signature (/ ~ ~~. -rtl I Date (Optional) I ,:;J~f ::i-c.P-O 
Name '/ YOJ k EgglestonViV 

Title \ _M'anaging Principal 

NOTE: Signature - This form must be signed by the applicant in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements 
and certifications. If more than one applicant, use multiple forms. 

0Total of 1 forms are submitted. 
This collection of information Is required by 37 CFR 1.131, 1.32, and 1.33. The information Is required to obtain or retain a benefit by the public which Is to file (and by the 
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 3 minutes to complete, 
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount 
of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. 
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO; Commissioner 
for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, ca/11-800-PTO-9199 and select option 2. 

I 

l 

IPR2025-00943 
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Doc Code: TRACK1 .REQ 
Document Description: TrackOne Request 

PTO/AIA/424 (04-14) 

CERTIFICATION AND REQUEST FOR PRIORITIZED EXAMINATION 
UNDER 37 CFR 1.102(e) (Page 1 of 1) 

First Named 
Inventor: Michael S. Gordon I Nonprovisional Application Number (if I 

known): 

Title of 
Invention: CONTROLLING DRIVING MODES OF SELF-DRIVING VEHICLES 

APPLICANT HEREBY CERTIFIES THE FOLLOWING AND REQUESTS PRIORITIZED EXAMINATION FOR 
THE ABOVE-IDENTIFIED APPLICATION. 

1. The processing fee set forth in 37 CFR 1.17(i)(1) and the prioritized examination fee set forth in 
37 CFR 1.17(c) have been filed with the request. The publication fee requirement is met 
because that fee, set forth in 37 CFR 1.18(d), is currently $0. The basic filing fee, search fee, 
and examination fee are filed with the request or have been already been paid. I understand 
that any required excess claims fees or application size fee must be paid for the application. 

2. I understand that the application may not contain, or be amended to contain, more than four 
independent claims, more than thirty total claims, or any multiple dependent claims, and that 
any request for an extension of time will cause an outstanding Track I request to be dismissed. 

3. The applicable box is checked below: 

I. [?] Original Application {Track One) - Prioritized Examination under§ 1.102{e){1) 

i. (a) The application is an original nonprovisional utility application filed under 35 U.S.C. 111 (a). 
This certification and request is being filed with the utility application via EFS-Web. 

---OR---
(b) The application is an original nonprovisional plant application filed under 35 U.S.C. 111 (a). 

This certification and request is being filed with the plant application in paper. 

ii. An executed inventor's oath or declaration under 37 CFR 1.63 or 37 CFR 1.64 for each 
inventor, or the application data sheet meeting the conditions specified in 37 CFR 1.53(f)(3)(i) is 
filed with the application. 

II. 0 Request for Continued Examination - Prioritized Examination under§ 1.102{e){2) 

i. A request for continued examination has been filed with, or prior to, this form. 
ii. If the application is a utility application, this certification and request is being filed via EFS-Web. 
iii. The application is an original nonprovisional utility application filed under 35 U.S.C. 111 (a), or is 

a national stage entry under 35 U.S.C. 371. 
iv. This certification and request is being filed prior to the mailing of a first Office action responsive 

to the request for continued examination. 
v. No prior request for continued examination has been granted prioritized examination status 

under 37 CFR 1.102(e)(2). 

Signature/Ian D. MacKinnon/ DateApril 13, 2022 

Name Ian 
(PrinUTyped) D. MacKinnon Practitioner 34 660 

Registration Number ' 

Note: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications. 
Submit multiole forms if more than one sianature is reauired. * 

~ *Total of 
1 

forms are submitted. 

IPR2025-00943 
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Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your 
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the requirements of 
the Act, please be advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) 
furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is used by the 
U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent application or 
patent. If you do not furnish the requested information, the U.S. Patent and Trademark Office may not be able to 
process and/or examine your submission, which may result in termination of proceedings or abandonment of the 
application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of 
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records may 
be disclosed to the Department of Justice to determine whether disclosure of these records is required by the 
Freedom of Information Act. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence 
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of 
settlement negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a 
request involving an individual, to whom the record pertains, when the individual has requested assistance from 
the Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having 
need for the information in order to perform a contract. Recipients of information shall be required to comply 
with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of 
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property 
Organization, pursuant to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes 
of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 
218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General 
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency's 
responsibility to recommend improvements in records management practices and programs, under authority of 
44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing 
inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such 
disclosure shall not be used to make determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of 
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a 
record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record 
was filed in an application which became abandoned or in which the proceedings were terminated and which 
application is referenced by either a published application, an application open to public inspection or an issued 
patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 

IPR2025-00943 
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Doc code: IDS PTO/SB/08a (02-18) 

Doc description: Information Disclosure Statement {IDS) Filed 
Approved for use through 11/3012020. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Application Number 

Filing Date 
INFORMATION DISCLOSURE First Named Inventor l~ichael S. Gordon 
STATEMENT BY APPLICANT 

Art Unit I ( Not for submission under 37 CFR 1.99) 
Examiner Name I 
Attorney Docket Number I S974-012344 

U.S.PATENTS I Remove I 

Examiner Cite Kind Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* No 
Patent Number 

Code1 
Issue Date 

of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 ~665395 A 1987-05-12 VAN 

2 f1908988 A 1990-03-20 VAMAMURA, etal. 

3 5975791 A 1999-11-02 MCCULLOCH 

4 8064970 A 2000-05-16 MCMILLAN, et al. 

5 8201318 81 '001-03-13 GUILLORY 

6 p326903 81 2001-12-04 GROSS, etal. 

7 8393362 81 2002-05-21 BURNS 

8 8502035 82 2002-12-31 ~EVINE 

EFS Web 2.1.18 IPR2025-00943 
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Application Number 

Filing Date 

INFORMATION DISCLOSURE First Named Inventor I Michael S. Gordon 
STATEMENT BY APPLICANT 

Art Unit 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number S974-012344 

9 6587043 81 2003-07-01 KRAMER 

10 6622082 81 2003-09-16 SCHMIDT, et al. 

11 6704621 81 '004-03-09 STEIN, etal. 

12 6731202 81 '004-05-04 KLAUS 

13 6810312 82 2004-10-26 JAMMU, et al. 

14 17113867 81 2006-09-26 STEIN 

15 17124088 82 '006-10-17 BAUER, et al. 

16 17151996 82 '006-12-19 STEIN 

17 17580782 82 2009-08-25 BREED, et al. 

18 17769544 82 2010-08-03 BLESENER, et al. 

19 17877269 82 '011-01-25 BAUER, et al. 

EFS Web 2.1.18 IPR2025-00943 
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Application Number 

Filing Date 

INFORMATION DISCLOSURE First Named Inventor I Michael S. Gordon 
STATEMENT BY APPLICANT 

Art Unit 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number S974-012344 

20 17894951 82 2011-02-22 NORRIS, et al. 

21 17979173 82 2011-07-12 BREED 

22 8031062 82 '011-10-04 SMITH 

23 8045455 81 '011-10-25 I\GRONOW, et al. 

24 8078349 81 2011-12-13 PRADA, et al. 

25 8090598 82 2012-01-03 BAUER, et al. 

26 8139109 82 '012-03-20 SCHMIEDEL, et al. 

27 8140358 81 '012-03-20 ~ING, etal. 

28 8146703 82 2012-04-03 BAUMANN, et al. 

29 8152325 82 2012-04-10 MCDERMOTT 

30 8180322 82 '012-05-15 NAKAE, etal. 

EFS Web 2.1.18 IPR2025-00943 
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Application Number 

Filing Date 

INFORMATION DISCLOSURE First Named Inventor I Michael S. Gordon 
STATEMENT BY APPLICANT 

Art Unit 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number S974-012344 

31 8346480 82 2013-01-01 TREPAGNIER, et al. 

32 8352112 82 2013-01-08 MUDALIGE 

33 8442854 82 '013-05-14 LAWTON, et al. 

34 8466807 82 '013-06-18 MUDALIGE 

35 8489434 81 2013-07-16 OTIS, etal. 

36 8509982 82 2013-08-13 MONTEMERLO, et al. 

37 8583365 82 '013-11-12 JANG, etal. 

38 8660734 82 '014-02-25 ZHU, etal. 

39 8676466 82 2014-03-18 MUDALIGE 

40 8678701 81 2014-03-25 I\LDASEM 

41 8786461 81 '014-07-22 DAUDELIN 

EFS Web 2.1.18 IPR2025-00943 
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Application Number 

Filing Date 

INFORMATION DISCLOSURE First Named Inventor I Michael S. Gordon 
STATEMENT BY APPLICANT 

Art Unit 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number S974-012344 

42 8793046 82 2014-07-29 ~OM8ROZO, et al. 

43 8810392 81 2014-08-19 TELLER, et al. 

44 8816857 82 '014-08-26 NORDIN, et al. 

45 8825258 82 '014-09-02 CULLINANE, et al. 

46 8849494 81 2014-09-30 HER8ACH, et al. 

47 8874305 82 2014-10-28 DOLGOV, et al. 

48 8880270 81 '014-11-04 i=ERGUSON, et al. 

49 8903591 81 '014-12-02 :=ERGUSON, et al. 

50 8923890 81 2014-12-30 1/VHITE, et al. 

51 8924150 82 2014-12-30 fSIMHONI, et al. 

52 8948955 82 '015-02-03 lHU, etal. 

EFS Web 2.1.18 IPR2025-00943 
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Application Number 

Filing Date 
INFORMATION DISCLOSURE First Named Inventor I Michael S. Gordon 
STATEMENT BY APPLICANT 

Art Unit 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number S974-012344 

53 8949016 81 2015-02-03 ~ERGUSON, et al. 

54 8954217 81 2015-02-10 MONTEMERLO, et al. 

55 8954252 81 '015-02-10 URMSON, et al. 

56 8954261 82 '015-02-10 DAS, etal. 

57 8958943 82 2015-02-17 BERTOSA, et al. 

58 8965621 81 2015-02-24 URMSON, et al. 

59 8970362 82 '015-03-03 MORLEY, et al. 

60 8983705 82 '015-03-17 ZHU, etal. 

61 8996224 81 2015-03-31 HER8ACH, et al. 

62 9014905 81 2015-04-21 KRETZSCHMAR, et al. 

63 9020697 82 '015-04-28 RICCI, etal. 

EFS Web 2.1.18 IPR2025-00943 
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Application Number 

Filing Date 

INFORMATION DISCLOSURE First Named Inventor I Michael S. Gordon 
STATEMENT BY APPLICANT 

Art Unit 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number S974-012344 

64 9024787 82 2015-05-05 I\LSHINNAWI, et al. 

65 9082239 82 2015-07-14 RICCI 

66 9090260 82 '015-07-28 CLARKE, et al. 

67 9120484 81 '015-09-01 :=ERGUSON, et al. 

68 9123049 82 2015-09-01 HYDE, etal. 

69 9145116 82 2015-09-29 CLARKE, et al. 

70 9150220 82 '015-10-06 CLARKE, et al. 

71 9156473 82 '015-10-13 CLARKE, et al. 

72 9170327 82 2015-10-27 CHOE, etal. 

73 9189897 81 2015-11-17 STENNETH 

74 9194168 81 '015-11-24 _u, et al. 

EFS Web 2.1.18 IPR2025-00943 
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Application Number 

Filing Date 
INFORMATION DISCLOSURE First Named Inventor I Michael S. Gordon 
STATEMENT BY APPLICANT 

Art Unit 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number S974-012344 

75 9195895 81 2015-11-24 KAPACH, et al. 

76 9205835 82 2015-12-08 STEIN, etal. 

77 9207323 82 '015-12-08 lHU, etal. 

78 9216745 82 '015-12-22 BEARDSLEY, et al. 

79 9218698 82 2015-12-22 RICCI 

80 9233688 82 2016-01-12 CLARKE, et al. 

81 9248832 82 '016-02-02 HUBERMAN 

82 9272709 82 '016-03-01 BEN SHALOM 

83 9286520 81 2016-03-15 ~O, etal. 

84 9297641 82 2016-03-29 STEIN 

85 9305411 82 '016-04-05 RICCI 

EFS Web 2.1.18 IPR2025-00943 
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Application Number 

Filing Date 
INFORMATION DISCLOSURE First Named Inventor I Michael S. Gordon 
STATEMENT BY APPLICANT 

Art Unit 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number S974-012344 

86 9317033 82 2016-04-19 BANEZ-GUZMAN, et al. 

87 9342074 82 2016-05-17 DOLGOV, et al. 

88 9365214 82 '016-06-14 BEN SHALOM, et al. 

89 9381915 81 '016-07-05 CROM8EZ, et al. 

90 9390451 81 2016-07-12 SLUSAR 

91 9393998 82 2016-07-19 CLARKE, et al. 

92 9399472 82 '016-07-26 MINOIU-ENACHE 

93 9415777 82 '016-08-16 CLARKE, et al. 

94 9443163 82 2016-09-13 SPRINGER 

95 9446765 82 2016-09-20 BEN SHALOM, et al. 

96 9452754 82 '016-09-27 CLARKE, et al. 

EFS Web 2.1.18 IPR2025-00943 
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Application Number 

Filing Date 

INFORMATION DISCLOSURE First Named Inventor I Michael S. Gordon 
STATEMENT BY APPLICANT 

Art Unit 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number S974-012344 

97 9454152 82 2016-09-27 KOPETZ 

98 9463805 82 2016-10-11 KIRSCH, et al. 

99 9483948 81 '016-11-01 GORDON, et al. 

100 9552735 82 '017-01-24 PILUTTI, et al. 

101 9566958 82 2017-02-14 WALDMANN 

102 9566986 81 2017-02-14 GORDON, et al. 

103 9628975 81 '017-04-18 WATKINS, et al. 

104 9646496 81 '017-05-09 MILLER 

105 9650025 82 2017-05-16 DAGAN 

106 9650058 82 2017-05-16 SCHIEi<, et al. 

107 9656673 82 '017-05-23 CLARKE, et al. 

EFS Web 2.1.18 IPR2025-00943 
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Application Number 

Filing Date 

INFORMATION DISCLOSURE First Named Inventor I Michael S. Gordon 
STATEMENT BY APPLICANT 

Art Unit 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number S974-012344 

108 9664789 82 2017-05-30 ROSENBLUM, et al. 

109 9671243 82 2017-06-06 STEIN 

110 9676389 82 '017-06-13 CLARKE, et al. 

111 9718468 82 '017-08-01 BARFIELD, et al. 

112 9834224 82 2017-12-05 GORDON, et al. 

113 9881427 82 2018-01-30 BARAJAS GONZALEZ, et al. 

114 ~0101742 82 '018-10-16 DRQKHOROV 

115 ~0150473 82 '018-12-11 I\HARONY, et al. 

116 ~0173673 81 2019-01-08 ~ERGUSON, et al. 

117 ~0293826 82 2019-05-21 CLARKE, et al. 

118 ~0317231 82 '019-06-11 ~ERENCZ, et al. 

EFS Web 2.1.18 IPR2025-00943 
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Application Number 

Filing Date 
INFORMATION DISCLOSURE First Named Inventor I Michael S. Gordon 
STATEMENT BY APPLICANT 

Art Unit 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number S974-012344 

119 ~0318823 82 2019-06-11 SHASHUA, et al. 

120 ~0449957 82 2019-10-22 NAGY, etal. 

121 ~0572744 82 '020-02-25 SHASHUA, et al. 

If you wish to add additional U.S. Patent citation information please click the Add button. I Add I 
U.S.PATENT APPLICATION PUBLICATIONS I Remove I 

Examiner Publication Kind Publication Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* 
Cite No 

Number Code1 Date of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 20020026841 A1 '002-03-07 SVENDSEN 

2 20020128774 A1 '002-09-12 TAKEZAKI, et al. 

3 20030040864 A1 2003-02-27 STEIN 

4 20030065572 A1 2003-04-03 MCNEE, etal. 

5 20030076981 A1 '003-04-24 SMITH, et al. 

6 20040078133 A1 '004-04-22 MILLER, et al. 

EFS Web 2.1.18 IPR2025-00943 
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Application Number 

Filing Date 

INFORMATION DISCLOSURE First Named Inventor I Michael S. Gordon 
STATEMENT BY APPLICANT 

Art Unit 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number S974-012344 

7 20040117086 A1 2004-06-17 RAO, etal. 

8 20040199306 A1 2004-10-07 HEILMANN, et al. 

9 20050021227 A1 '005-01-27 MATSUMOTO, et al. 

10 20050104745 A1 '005-05-19 BACHELDER, et al. 

11 20060106671 A1 2006-05-18 BIET 

12 20060163939 A1 2006-07-27 KURAMOCHI, et al. 

13 20060200379 A1 '006-09-07 BIET 

14 20060241855 A1 '006-10-26 JOE, etal. 

15 20070100687 A1 2007-05-03 YOSHIKAWA 

16 20070124027 A1 2007-05-31 BETZITZA, et al. 

17 20080048850 A1 '008-02-28 YAMADA 

EFS Web 2.1.18 IPR2025-00943 
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Application Number 

Filing Date 

INFORMATION DISCLOSURE First Named Inventor I Michael S. Gordon 
STATEMENT BY APPLICANT 

Art Unit 
( Not for submission under 37 CFR 1.99) 
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citation if not in conformance and not considered. Include copy of this form with next communication to applicant. 
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Application Number 

Filing Date 
INFORMATION DISCLOSURE First Named Inventor I Michael S. Gordon 
STATEMENT BY APPLICANT 

Art Unit 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number S974-012344 

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOVor MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO 
standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document. 
4 Kind of document by the appropriate symbols as indicated on the document under WI PO Standard ST.16 if possible. 5 Applicant is to place a check mark here i 
English language translation is attached. 
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Application Number 

Filing Date 
INFORMATION DISCLOSURE First Named Inventor I Michael S. Gordon 
STATEMENT BY APPLICANT 

Art Unit 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number S974-012344 

CERTIFICATION STATEMENT 

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s): 

That each item of information contained in the information disclosure statement was first cited in any communication 
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the 
information disclosure statement. See 37 CFR 1.97(e)(1 ). 

OR 

That no item of information contained in the information disclosure statement was cited in a communication from a 
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification 
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to 

D any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure 
statement. See 37 CFR 1.97(e)(2). 

See attached certification statement. 

The fee setforth in 37 CFR 1.17 (p) has been submitted herewith. 

✓ A certification statement is not submitted herewith. 
SIGNATURE 

A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the 
form of the signature. 

Signature /Ian D. MacKinnon/ Date (YYYY-MM-DD) 2022-04-13 

Name/Print Ian D. MacKinnon Registration Number ~.660 

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the 
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed 
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you 
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. 
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND 
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, 
VA 22313-1450. 
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Privacy Act Statement 

The Privacy Act of 197 4 (P .L. 93-579) requires that you be given certain information in connection with your submission of the 
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised 
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited 
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to 
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested 
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may 
result in termination of proceedings or abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act 
(5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the 
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these records. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a 
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement 
negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a 
request involving an individual, to whom the record pertains, when the individual has requested assistance from the 
Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for 
the information in order to perform a contract. Recipients of information shall be required to comply with the 
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records 
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant 
to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of 
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or 
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to 
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and 
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this 
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make 
determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of 
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record 
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in 
an application which became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspections or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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Application Number: 

Filing Date: 

Title of Invention: CONTROLLING DRIVING MODES OF SELF-DRIVING VEHICLES 

First Named Inventor/Applicant Name: Michael S. Gordon 

Filer: Ian David MacKinnon/Nicole Chambers 

Attorney Docket Number: S974-012344 

Filed as Large Entity 

Filing Fees for Track I Prioritized Examination - Nonprovisional Application under 35 USC 111 (a) 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

UTILITY APPLICATION FILING 1011 1 320 320 

UTILITY SEARCH FEE 1111 1 700 700 

UTILITY EXAMINATION FEE 1311 1 800 800 

REQUEST FOR PRIORITIZED EXAMINATION 1817 1 4200 4200 

Pages: 

Claims: 

CLAIMS IN EXCESS OF 20 1202 10 100 1000 

INDEPENDENT CLAIMS IN EXCESS OF 3 1201 1 480 480 
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USO($) 

Miscellaneous-Filing: 

PUBL. FEE-EARLY, VOLUNTARY, OR NORMAL 1504 1 0 0 

PROCESSING FEE, EXCEPT PROV. APPLS. 1830 1 140 140 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

Extension-of-Time: 

Miscellaneous: 

Total in USO($) 7640 
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Electronic Acknowledgement Receipt 

EFSID: 45462082 

Application Number: 17719541 

International Application Number: 

Confirmation Number: 6990 

Title of Invention: CONTROLLING DRIVING MODES OF SELF-DRIVING VEHICLES 

First Named Inventor/Applicant Name: Michael S. Gordon 

Customer Number: 164 

Filer: Ian David MacKinnon 

Filer Authorized By: 

Attorney Docket Number: S974-012344 

Receipt Date: 13-APR-2022 

Filing Date: 

Time Stamp: 11:52:26 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 
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Payment Type DA 
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RAM confirmation Number E20224CB53020863 

Deposit Account 110982 

Authorized User Ian MacKinnon 

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 

37 CFR 1.16 (National application filing, search, and examination fees) 

37 CFR 1.17 (Patent application and reexamination processing fees) IPR2025-00943 
Tesla EX1002 Page 40



37 CFR 1.19 (Document supply fees) 

37 CFR 1.20 (Post Issuance fees) 
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Number Message Digest Part /.zip (if appl.) 
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1 Application Data Sheet 
2022-04-13_ADS_S974-012344. 
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pdf 
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3171 

Warnings: 

Information: 

196709 
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2022-04-13_CONT _APP _S974-l 

yes 42 
12344.pdf 
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Specification 1 30 

Claims 31 41 

Abstract 42 42 

Warnings: 
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Warnings: 

Information: 
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drawings 44.pdf 
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Information Disclosure Statement (IDS) 
Form (SB08) 

Non Patent Literature 
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Non Patent Literature 

2022-04-13_PRIORITIZED_EXA 
M_S974-012344.pdf 

2022-04-13_IDS_S974-012344_ 
l.pdf 
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Farrier.pdf 
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9cc219 3fbe9d3 7 eea3bce22054ec25 7f03 9f 
03df 

no 2 

no 33 

no 8 

no 

no 8 

no 5 

no 13 

IPR2025-00943 
Tesla EX1002 Page 42



6133170 

13 Non Patent Literature 
NPL_Brownell-

no 122 
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Obf7 
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Warnings: 

Information: 
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Warnings: 
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Warnings: 
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4600 
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Information: 
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Warnings: 
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no 34 
Vanderbilt.pdf 
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babes 

Warnings: 
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468308 

26 Non Patent Literature NPL_Lutin-RDoSDVnl.pdf no 6 
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b281c 
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46171 
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osebyhumans-Lutz.pdf 
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58525 

Warnings: 

Information: 

3717304 

30 Non Patent Literature NPL_Sessa-Blueprint.pdf no 64 
f8335afddd52d35fa48b4841 ef0e0293dffe4 
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Information: 

662731 
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no 7 
ndsol-Miller.pdf 
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db8f0 
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247827 
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no 3 
ce_2-2015.pdf 
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24da 
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33 Non Patent Literature 
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NPL_ TeslaManual.pdf 

NPL_theinsuranceimplications 
ofgooglesselfdrivingcar.pdf 

NPL_towardsaviableautonomo 
us-Wei_et_al.pdf 
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Applications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 
National Stage of an International Application under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 
New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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PTO/AIA/14 (02-1 B) 
Approved for use through 11/30/2020. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Under the Paperwork Reduction Act of 1995, no persons are required lo respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number S97 4-012344 
Application Data Sheet 37 CFR 1. 76 

Application Number 

Title of Invention CONTROLLING DRIVING MODES OF SELF-DRIVING VEHICLES 

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the 
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76. 
This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the 
document may be printed and included in a paper filed application. 

Secrecy Order 37 CFR 5.2: 

D Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to 
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.) 

Inventor Information: 

Inventor 11 I Remove I 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

I IT tv,ichael ~- ~ordon I IT 
Residence Information (Select One) • US Residency Non US Residency Active US Military Service 

City fi'orktown Heights I State/Province I tiv I Country of ResidencJ I tJs 

Mailing Address of Inventor: 

Address 1 ~ 101 Kitchawan Road 

Address 2 Route 134/P.O. Box 218 

City I ti'orktown Heights I State/Province I ~v 
Postal Code 1110598 I Countryi I 1us 
Inventor ~ I Remove I 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

I B ~ames ~- t<ozloski I B 
Residence Information (Select One) @ US Residency Non US Residency Active US Military Service 

City t'Jew Fairfield I State/Province I ~T I Country of ResidencJ I 1-Js 

Mailing Address of Inventor: 

Address 1 ~ 101 Kitchawan Road 

Address 2 Route 134/P.O. Box 218 

City I ti'orktown Heights I State/Province I ~v 
Postal Code 1110598 I Countryi I 1us 
Inventor b I Remove I 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

I B J\shish I t<undu I B 
Residence Information (Select One) @ US Residency Non US Residency Active US Military Service 

EFSWeb2.2.13 
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PTO/AIA/14 (02-1 B) 
Approved for use through 11/30/2020. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required lo respond lo a oolleclion of information unless it contains a valid 0MB control number. 

Attorney Docket Number S97 4-012344 
Application Data Sheet 37 CFR 1. 76 

Application Number 

Title of Invention CONTROLLING DRIVING MODES OF SELF-DRIVING VEHICLES 

City I t'Jew York I State/Province I ~Y I Country of Residencd I i-Js 

Mailing Address of Inventor: 

Address 1 ~ 101 Kitchawan Road 

Address 2 Route 134/P.O. Box 218 

City I ff orktown Heights I State/Province I ~v 
Postal Code 1110598 I Countryi I Ius 

Inventor ~ I Remove I 
Legal Name 

Prefix Given Name Middle Name Family Name 

I B t>eter ~- tv,alkin 

Residence Information (Select One) @ US Residency Non US Residency Active US Military Service 

City ~rdsley I State/Province I ~Y I Country of Residencd I i-Js 

Mailing Address of Inventor: 

Address 1 ~ 101 Kitchawan Road 

Address 2 Route 134/P.O. Box 218 

City I ff orktown Heights I State/Province I ~v 
Postal Code 1110598 I Countryi I Ius 

Inventor ~ I Remove I 
Legal Name 

Prefix Given Name Middle Name Family Name 

I B t;1ifford ~- l=>ickover 

Residence Information (Select One) @ US Residency Non US Residency Active US Military Service 

City tr'orktown Heights I State/Province I ~Y I Country of Residencd I i-Js 

Mailing Address of Inventor: 

Address 1 ~ 101 Kitchawan Road 

Address 2 Route 134/P.O. Box 218 

City I ff orktown Heights I State/Province I ~v 
Postal Code 1110598 I Countryi I Ius 

All Inventors Must Be Listed - Additional Inventor Information blocks may be 
I generated within this form by selecting the Add button. 

Correspondence Information: 
Enter either Customer Number or complete the Correspondence Information section below. 
For further information see 37 CFR 1.33(a). 

D An Address is being provided for the correspondence Information of this application. 
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Approved for use through 11/30/2020. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required lo respond lo a oolleclion of information unless it contains a valid 0MB control number. 

Attorney Docket Number S97 4-012344 
Application Data Sheet 37 CFR 1. 76 

Application Number 

Title of Invention CONTROLLING DRIVING MODES OF SELF-DRIVING VEHICLES 

Customer Number ~64 

Email Address Uspatdocket@kinney.com I I Add Email I I Remove Email I 

Application Information: 

Title of the Invention :;oNTROLLING DRIVING MODES OF SELF-DRIVING VEHICLES 

Attorney Docket Number S974-012344 I Small Entity Status Claimed □ 
Application Type ~on provisional 

Subject Matter Utility 

Total Number of Drawing Sheets (if any) I~ I Suggested Figure for Publication (if any) 11 
Filing By Reference: 
Only complete this section when filing an application by reference under 35 U.S.C. 111 (c) and 37 CFR 1.57(a). Do not complete this section if 
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be 
provided in the appropriate section(s) below (i.e., "Domestic Benefit/National Stage Information• and •Foreign Priority Information"). 

For the purposes of a filing date under 37 CFR 153(b), the description and any drawings of the present application are replaced by this 
reference to the previously filed application, subject to conditions and requirements of 37 CFR 157(a). 
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S974-012344 

CONTROLLING DRIVING MODES OF SELF-DRIVING VEHICLES 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application is a continuation of U.S. Application No. 17 /374,656 filed July 

13, 2021, which in turn claims the benefit of continuation of U.S. Patent Application No. 

16/997,202, filed August 19, 2020, now patented 11,091,171 on August 17, 2021, which in turn 

claims the benefit of continuation of U.S. Application No. 16/899,407 filed June 11, 2020, which 

in turn claims the benefit of which is a continuation of U.S. Application No. 15/955,874 filed 

April 18, 2018, now patented 10,717,446 on July 21, 2020, which in turn claims the benefit of 

continuation 15/341,225 filed November 2, 2016, now patented 10,029,701 on July 24, 2018, 

which in turn claims the benefit of continuation 14/865,393, Filed September 25, 2015, now 

patented 9,566,986 on February 14, 2017, are hereby incorporated by reference in their entirety. 

BACKGROUND 

[0002] The present disclosure relates to the field of vehicles, and specifically to the field 

of self-driving vehicles. Still more specifically, the present disclosure relates to the field of 

controlling whether self-driving vehicles operate in autonomous mode or manual mode. 

[0003] Self-driving vehicles (SDVs) are vehicles that are able to autonomously drive 

themselves through private and/or public spaces. Using a system of sensors that detect the 

location and/or surroundings of the SDV, logic within or associated with the SDV controls the 

speed, propulsion, braking, and steering of the SDV based on the sensor-detected location and 

surroundings of the SDV. 

SUMMARY 

[0004] A computer-implemented method, system, and/or computer program product 

controls a driving mode of a self-driving vehicle (SDV). One or more processors determine a 

control processor competence level of a self-driving vehicle (SDV) control processor. The 

control processor competence level describes a competence level of the SDV control processor 

in controlling the SDV while the SDV experiences the current operational anomaly. One or more 
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processors receive a driver profile of the human driver of the SDV. The driver profile describes a 

human driver competence level of the human driver in controlling the SDV while the SDV 

experiences the current operational anomaly. One or more processors compare the control 

processor competence level to the human driver competence level. One or more processors then 

selectively assign control of the SDV to the SDV control processor or to the human driver while 

the SDV experiences the current operational anomaly based on which of the control processor 

competence level and the human driver competence level is relatively higher to one another. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0005] FIG. 1 depicts an exemplary system and network in which the present disclosure may be 

implemented; 

[0006] FIG. 2 illustrates an exemplary self-driving vehicle (SDV) traveling on a roadway in 

accordance with one or more embodiments of the present invention; 

[0007] FIG. 3 depicts additional detail of control hardware within an SDV; 

[0008] FIG. 4 depicts communication linkages among SDVs, roadway sensor(s), a roadway 

monitoring system, and/or a coordinating server; 

[0009] FIG. 5 is a high-level flow chart of one or more steps performed by one or more 

processors to control a driving mode of an SDV in accordance with one or more embodiments of 

the present invention; 

[0010] FIG. 6 depicts a cloud computing node according to an embodiment of the present 

disclosure; 

[0011] FIG. 7 depicts a cloud computing environment according to an embodiment of the 

present disclosure; and 
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[0012] FIG. 8 depicts abstraction model layers according to an embodiment of the present 

disclosure. 

DETAILED DESCRIPTION 

[0013] The present invention may be a system, a method, and/or a computer program 

product. The computer program product may include a computer readable storage medium ( or 

media) having computer readable program instructions thereon for causing a processor to carry 

out aspects of the present invention. 

[0014] The computer readable storage medium can be a tangible device that can retain 

and store instructions for use by an instruction execution device. The computer readable storage 

medium may be, for example, but is not limited to, an electronic storage device, a magnetic 

storage device, an optical storage device, an electromagnetic storage device, a semiconductor 

storage device, or any suitable combination of the foregoing. A non-exhaustive list of more 

specific examples of the computer readable storage medium includes the following: a portable 

computer diskette, a hard disk, a random access memory (RAM), a read-only memory (ROM), 

an erasable programmable read-only memory (EPROM or Flash memory), a static random 

access memory (SRAM), a portable compact disc read-only memory (CD-ROM), a digital 

versatile disk (DVD), a memory stick, a floppy disk, a mechanically encoded device such as 

punch-cards or raised structures in a groove having instructions recorded thereon, and any 

suitable combination of the foregoing. A computer readable storage medium, as used herein, is 

not to be construed as being transitory signals per se, such as radio waves or other freely 

propagating electromagnetic waves, electromagnetic waves propagating through a waveguide or 

other transmission media (e.g., light pulses passing through a fiber-optic cable), or electrical 

signals transmitted through a wire. 

[0015] Computer readable program instructions described herein can be downloaded to 

respective computing/processing devices from a computer readable storage medium or to an 

external computer or external storage device via a network, for example, the Internet, a local area 

network, a wide area network and/or a wireless network. The network may comprise copper 

transmission cables, optical transmission fibers, wireless transmission, routers, firewalls, 

switches, gateway computers and/or edge servers. A network adapter card or network interface 

in each computing/processing device receives computer readable program instructions from the 
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network and forwards the computer readable program instructions for storage in a computer 

readable storage medium within the respective computing/processing device. 

[0016] Computer readable program instructions for carrying out operations of the present 

invention may be assembler instructions, instruction-set-architecture (ISA) instructions, machine 

instructions, machine dependent instructions, microcode, firmware instructions, state-setting 

data, or either source code or object code written in any combination of one or more 

programming languages, including an object oriented programming language such as Java, 

Smalltalk, C++ or the like, and conventional procedural programming languages, such as the "C" 

programming language or similar programming languages. The computer readable program 

instructions may execute entirely on the user's computer, partly on the user's computer, as a 

stand-alone software package, partly on the user's computer and partly on a remote computer or 

entirely on the remote computer or server. In the latter scenario, the remote computer may be 

connected to the user's computer through any type of network, including a local area network 

(LAN) or a wide area network (WAN), or the connection may be made to an external computer 

(for example, through the Internet using an Internet Service Provider). In some embodiments, 

electronic circuitry including, for example, programmable logic circuitry, field-programmable 

gate arrays (FPGA), or programmable logic arrays (PLA) may execute the computer readable 

program instructions by utilizing state information of the computer readable program instructions 

to personalize the electronic circuitry, in order to perform aspects of the present invention. 

[0017] Aspects of the present invention are described herein with reference to flowchart 

illustrations and/or block diagrams of methods, apparatus (systems), and computer program 

products according to embodiments of the invention. It will be understood that each block of the 

flowchart illustrations and/or block diagrams, and combinations of blocks in the flowchart 

illustrations and/or block diagrams, can be implemented by computer readable program 

instructions. 

[0018] These computer readable program instructions may be provided to a processor of 

a general purpose computer, special purpose computer, or other programmable data processing 

apparatus to produce a machine, such that the instructions, which execute via the processor of the 

computer or other programmable data processing apparatus, create means for implementing the 

functions/acts specified in the flowchart and/or block diagram block or blocks. These computer 

readable program instructions may also be stored in a computer readable storage medium that 
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can direct a computer, a programmable data processmg apparatus, and/or other devices to 

function in a particular manner, such that the computer readable storage medium having 

instructions stored therein comprises an article of manufacture including instructions which 

implement aspects of the function/act specified in the flowchart and/or block diagram block or 

blocks. 

[0019] The computer readable program instructions may also be loaded onto a computer, 

other programmable data processing apparatus, or other device to cause a series of operational 

steps to be performed on the computer, other programmable apparatus or other device to produce 

a computer implemented process, such that the instructions which execute on the computer, other 

programmable apparatus, or other device implement the functions/acts specified in the flowchart 

and/or block diagram block or blocks. 

[0020] The flowchart and block diagrams in the Figures illustrate the architecture, 

functionality, and operation of possible implementations of systems, methods, and computer 

program products according to various embodiments of the present invention. In this regard, 

each block in the flowchart or block diagrams may represent a module, segment, or portion of 

instructions, which comprises one or more executable instructions for implementing the specified 

logical function(s). In some alternative implementations, the functions noted in the block may 

occur out of the order noted in the figures. For example, two blocks shown in succession may, in 

fact, be executed substantially concurrently, or the blocks may sometimes be executed in the 

reverse order, depending upon the functionality involved. It will also be noted that each block of 

the block diagrams and/or flowchart illustration, and combinations of blocks in the block 

diagrams and/or flowchart illustration, can be implemented by special purpose hardware-based 

systems that perform the specified functions or acts or carry out combinations of special purpose 

hardware and computer instructions. 

[0021] With reference now to the figures, and in particular to FIG. 1, there is depicted a 

block diagram of an exemplary system and network that may be utilized by and/or in the 

implementation of the present invention. Some or all of the exemplary architecture, including 

both depicted hardware and software, shown for and within computer 101 may be utilized by 

software deploying server 149 shown in FIG. 1, and/or coordinating server 201 and/or roadway 

monitoring system 208 shown in FIG. 2, and/or a self-driving vehicle (SDV) on-board computer 

301 shown in FIG. 3, and/or a coordinating server 401 depicted in FIG. 4. 
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[0022] Exemplary computer IO I includes a processor I 03 that is coupled to a system bus 

105. Processor 103 may utilize one or more processors, each of which has one or more processor 

cores. A video adapter 107, which drives/supports a display 109, is also coupled to system bus 

105. System bus 105 is coupled via a bus bridge 111 to an input/output (1/0) bus 113. An 1/0 

interface 115 is coupled to 1/0 bus 113. 1/0 interface 115 affords communication with various 

1/0 devices, including a keyboard 117, a mouse 119, a media tray 121 (which may include 

storage devices such as CD-ROM drives, multi-media interfaces, etc.), a transceiver 123 (capable 

of transmitting and/or receiving electronic communication signals), and external USB port(s) 

125. While the format of the ports connected to 1/0 interface 115 may be any known to those 

skilled in the art of computer architecture, in one embodiment some or all of these ports are 

universal serial bus (USB) ports. 

[0023] As depicted, computer 101 is able to communicate with a software deploying 

server 149 and/or other devices/systems (e.g., establishing communication among SDV 202, 

SDV 210, and/or roadway monitoring system 208 depicted in the figures below) using a network 

interface 129. Network interface 129 is a hardware network interface, such as a network interface 

card (NIC), etc. Network 127 may be an external network such as the Internet, or an internal 

network such as an Ethernet or a virtual private network (VPN). In one or more embodiments, 

network 127 is a wireless network, such as a Wi-Fi network, a cellular network, etc. 

[0024] A hard drive interface 131 is also coupled to system bus 105. Hard drive interface 

131 interfaces with a hard drive 133. In one embodiment, hard drive 133 populates a system 

memory 135, which is also coupled to system bus 105. System memory is defined as a lowest 

level of volatile memory in computer 101. This volatile memory includes additional higher levels 

of volatile memory (not shown), including, but not limited to, cache memory, registers and 

buffers. Data that populates system memory 135 includes computer lOl's operating system (OS) 

137 and application programs 143. 

[0025] OS 137 includes a shell 139, for providing transparent user access to resources 

such as application programs 143. Generally, shell 139 is a program that provides an interpreter 

and an interface between the user and the operating system. More specifically, shell 139 executes 

commands that are entered into a command line user interface or from a file. Thus, shell 139, 

also called a command processor, is generally the highest level of the operating system software 

hierarchy and serves as a command interpreter. The shell provides a system prompt, interprets 
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commands entered by keyboard, mouse, or other user input media, and sends the interpreted 

command(s) to the appropriate lower levels of the operating system (e.g., a kernel 141) for 

processing. While shell 139 is a text-based, line-oriented user interface, the present invention 

will equally well support other user interface modes, such as graphical, voice, gestural, etc. 

[0026] As depicted, OS 137 also includes kernel 141, which includes lower levels of 

functionality for OS 137, including providing essential services required by other parts of OS 

137 and application programs 143, including memory management, process and task 

management, disk management, and mouse and keyboard management. 

[0027] Application programs 143 include a renderer, shown in exemplary manner as a 

browser 145. Browser 145 includes program modules and instructions enabling a world wide 

web (WWW) client (i.e., computer 101) to send and receive network messages to the Internet 

using hypertext transfer protocol (HTTP) messaging, thus enabling communication with 

software deploying server 149 and other systems. 

[0028] Application programs 143 in computer lOl's system memory (as well as software 

deploying server 149's system memory) also include Logic for Managing Self-Driving Vehicles 

(LMSDV) 147. LMSDV 147 includes code for implementing the processes described below, 

including those described in FIGS. 2-5. In one embodiment, computer 101 is able to download 

LMSDV 147 from software deploying server 149, including in an on-demand basis, wherein the 

code in LMSDV 147 is not downloaded until needed for execution. In one embodiment of the 

present invention, software deploying server 149 performs all of the functions associated with 

the present invention (including execution of LMSDV 147), thus freeing computer 101 from 

having to use its own internal computing resources to execute LMSDV 147. 

[0029] Also within computer 101 is a positioning system 151, which determines a real­

time current location of computer 101 (particularly when part of an emergency vehicle and/or a 

self-driving vehicle as described herein). Positioning system 151 may be a combination of 

accelerometers, speedometers, etc., or it may be a global positioning system (GPS) that utilizes 

space-based satellites to provide triangulated signals used to determine two-dimensional or three­

dimensional locations. 

[0030] Also associated with computer 101 are sensors 153, which detect an environment 

of the computer 101. More specifically, sensors 153 are able to detect vehicles, road 

obstructions, pavement, etc. For example, if computer 101 is on board a self-driving vehicle 
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(SDV), then sensors 153 may be cameras, radar transceivers, etc. that allow the SDV to detect 

the environment (e.g., other vehicles, road obstructions, pavement, etc.) of that SDV, thus 

enabling it to be autonomously self-driven. Similarly, sensors 153 may be cameras, 

thermometers, moisture detectors, etc. that detect ambient weather conditions. 

[0031] In another embodiment, sensors 153 are sensors that detect an operational state of 

an SDV, including anomalous states such as, but not limited to, a presence of snow tires mounted 

on the SDV during a first road condition of the roadway, an absence of snow tires mounted on 

the SDV during a second road condition of the roadway, tire pressure in a tire mounted on the 

SDV being below a predetermined level, tire tread on a tire mounted on the SDV being less than 

a predefined limit, a windshield wiper edge of a windshield wiper mounted on the SDV being 

less than a predefined width, a level of windshield washer fluid in a windshield washer fluid 

reservoir mounted on the SDV being less than a predefined volume, an inoperable headlamp 

mounted on the SDV, condensation frosting of windows on the SDV exceeding a predetermined 

limit, a failure of an antilock breaking system in the SDV, a failure of an all wheel traction 

system in the SDV, and a faulty braking system in the SDV. 

[0032] The hardware elements depicted in computer 101 are not intended to be 

exhaustive, but rather are representative to highlight essential components required by the 

present invention. For instance, computer 101 may include alternate memory storage devices 

such as magnetic cassettes, digital versatile disks (DVDs), Bernoulli cartridges, and the like. 

These and other variations are intended to be within the spirit and scope of the present invention. 

[0033] The present invention describes a self-driving vehicle (SDV) traveling on a 

roadway. First, at any point in time the SDV may be in autonomous mode or manual mode, as 

described and discussed in detail herein. Second, the "roadway" upon which the SDV is traveling 

is defined as any surface capable of supporting the weight of the SDV, including but not limited 

to public streets, public highways, toll roads, parking lots, private road, open fields, etc. The 

streets/roads/lots may be paved or unpaved. 

[0034] With reference now to FIG. 2, an exemplary self-driving vehicle (SDV) 202 

traveling along a roadway 204 in accordance with one or more embodiments of the present 

invention is presented. Additional details of one or more embodiments of the SDV 202 (which 

may have a same architecture as SDV 210 and/or SDV 212, which are discussed below) are 

presented in FIG. 3. 
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[0035] As shown in FIG. 3, SDV 202 has an SDV on-board computer 301 that controls 

operations of the SDV 202. According to directives from a driving mode module 307, the SDV 

202 can be selectively operated in manual mode or autonomous mode. In a preferred 

embodiment, driving mode module 307 is a dedicated hardware device that selectively directs 

the SDV on-board computer 301 to operate the SDV 202 in autonomous mode or manual mode. 

[0036] While in manual mode, SDV 202 operates as a traditional motor vehicle, in which 

a human driver controls the engine throttle, engine on/off switch, steering mechanism, braking 

system, horn, signals, etc. found on a motor vehicle. These vehicle mechanisms may be operated 

in a "drive-by-wire" manner, in which inputs to an SDV control processor 303 by the driver 

result in output signals that control the SDV vehicular physical control mechanisms 305 (e.g., the 

engine throttle, steering mechanisms, braking systems, tum signals, etc.). 

[0037] While in autonomous mode, SDV 202 operates without the input of a human 

driver, such that the engine, steering mechanism, braking system, horn, signals, etc. are 

controlled by the SDV control processor 303, but now under the control of the SDV on-board 

computer 301. That is, by processing inputs taken from navigation and control sensors 309 and 

the driving mode module 307 indicating that the SDV 202 is to be controlled autonomously, then 

driver inputs are no longer needed. 

[0038] As just mentioned, the SDV on-board computer 301 uses outputs from navigation 

and control sensors 309 to control the SDV 202. Navigation and control sensors 309 include 

hardware sensors that 1) determine the location of the SDV 202; 2) sense other cars and/or 

obstacles and/or physical structures around SDV 202; 3) measure the speed and direction of the 

SDV 202; and 4) provide any other inputs needed to safely control the movement of the SDV 

202. 

[0039] With respect to the feature of 1) determining the location of the SDV 202, this can 

be achieved through the use of a positioning system such as positioning system 151 shown in 

FIG. 1. Positioning system 151 may use a global positioning system (GPS), which uses space­

based satellites that provide positioning signals that are triangulated by a GPS receiver to 

determine a 3-D geophysical position of the SDV 202. Positioning system 151 may also use, 

either alone or in conjunction with a GPS system, physical movement sensors such as 

accelerometers (which measure rates of changes to a vehicle in any direction), speedometers 

(which measure the instantaneous speed of a vehicle), airflow meters (which measure the flow of 
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a1r around a vehicle), etc. Such physical movement sensors may incorporate the use of 

semiconductor strain gauges, electromechanical gauges that take readings from drivetrain 

rotations, barometric sensors, etc. 

[0040] With respect to the feature of 2) sensmg other cars and/or obstacles and/or 

physical structures around SDV 202, the positioning system 151 may use radar or other 

electromagnetic energy that is emitted from an electromagnetic radiation transmitter (e.g., 

transceiver 323 shown in FIG. 3), bounced off a physical structure (e.g., another car), and then 

received by an electromagnetic radiation receiver (e.g., transceiver 323). By measuring the time 

it takes to receive back the emitted electromagnetic radiation, and/or evaluating a Doppler shift 

(i.e., a change in frequency to the electromagnetic radiation that is caused by the relative 

movement of the SDV 202 to objects being interrogated by the electromagnetic radiation) in the 

received electromagnetic radiation from when it was transmitted, the presence and location of 

other physical objects can be ascertained by the SDV on-board computer 301. 

[0041] With respect to the feature of 3) measuring the speed and direction of the SDV 

202, this can be accomplished by taking readings from an on-board speedometer (not depicted) 

on the SDV 202 and/or detecting movements to the steering mechanism (also not depicted) on 

the SDV 202 and/or the positioning system 151 discussed above. 

[0042] With respect to the feature of 4) providing any other inputs needed to safely 

control the movement of the SDV 202, such inputs include, but are not limited to, control signals 

to activate a horn, turning indicators, flashing emergency lights, etc. on the SDV 202. 

[0043] Returning to FIG. 2, current conditions of the roadway 204, including weather 

conditions, traffic conditions, the quantity of vehicles traveling along roadway 204, the speed of 

vehicle traveling along roadway 204, construction events, accident events, etc., can be 

determined and transmitted by the roadway monitoring system 208. That is, roadway monitoring 

system 208 is able to determine current roadway conditions of roadway 204 based on internal 

sensors 153 shown in FIG. 1, and/or from information received from SDV 202 and/or SDV 210 

and/or SDV 212, and/or from information received by an information service (e.g., a weather 

station), and or from information received by roadway sensor(s) 206 (e.g., thermometers, 

moisture detectors, vehicle detectors, etc. that are laid on top or and/or embedded within 

roadway 204). 
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[0044] In accordance with one or more embodiments of the present invention, SDV 202 

is selectively placed into autonomous mode or manual mode (described above) based on a 

detection of a vehicle fault in SDV 202. Exemplary vehicle faults include, but are not limited to 

the presence or absence of snow tires when required or not required, inadequate tire pressure, 

inadequate tire tread, inadequate windshield wiper edge, inadequate windshield washer fluid, 

headlamp failure, extreme amounts of water on windows or under tires, window frosting, snow 

on the windows/windshield, ice on the windows/windshield, improper wheel alignment, 

excessive brake wear (i.e., brake pads being worn down such that less than a predefined amount 

of brake material is left), antilock brake failure, all wheel traction failure, and/or inadequate 

braking. A threshold for seriousness of the fault may be applied to vehicle measures in order to 

determine if the switch (from manual mode to autonomous mode or vice versa) is required. 

Vehicle faults may also be results of bugs (software, firmware, hardware bugs), or single-event 

upsets, that get reproduced in certain conditions. 

[0045] Thus in one or more embodiments of the present invention, a vehicle monitoring 

system (e.g., SDV on-board computer 301 shown in FIG. 3) detects a vehicle fault in the SDV. 

Based on the detected fault exceeding a threshold for danger, the SDV either switches from 

autonomous mode to manual mode or from manual mode to autonomous mode. 

[0046] In one embodiment of the present invention, the vehicle monitoring system alters 

a route being taken by the SDV to a location where the fault may be remedied (e.g., a service 

station). 

[0047] In one embodiment of the present invention, the vehicle monitoring system alters 

the route being taken by the SDV based on the severity of the fault (e.g., pulling over and 

stopping immediately, traveling to the nearest service station, traveling to the nearest dealership, 

returning to the owner's home, etc.). 

[0048] In one embodiment of the present invention, the vehicle monitoring system has a 

fault-remediation table, where each row refers to a fault condition, a first column refers to a 

condition that gets manifested by that fault, and a second column that refers to the mode in which 

the vehicle should be driven when that condition is manifested. For example, a row may refer to 

a fault in the traction control system on the vehicle, the first column in that row may indicate that 

this fault is manifested by the vehicle hydroplaning, and the second column in that row may 

indicate that the vehicle needs to be taken out of autonomous mode and placed into manual 
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mode, thus allowing the driver to manually control the speed and steering to stop the 

hydroplaning, which the automatic traction control system is unable to do. In one embodiment, 

this table is updated from a central server or offline systems based on other SDV s responding to 

the same fault. Thus, the SDV is able to apply the information from the table and changes 

driving mode as and when needed. 

[0049] In one embodiment of the present invention, a driver profile provides an 

indication of the driver's physical or other abilities. This information is then used to further 

determine whether the SDV should be in autonomous or manual mode. 

[0050] In one embodiment of the present invention, a further analysis of whether to place 

the SDV in autonomous or manual mode is performed if more than one person is in the vehicle 

(thus creating a possible distraction for the driver). 

[0051] In one embodiment of the present invention, a further analysis of whether to place 

the SDV in autonomous or manual mode is performed if a person and a pet are in the same 

vehicle (another possible distraction for the driver). 

[0052] In one or more embodiments of the present invention a weighted voting system is 

used to weight the various variables used in making the decision that is triggered by faults. Such 

inputs may include: a history of faults by one or more cars such as SDV 210 and SDV 212 

shown in FIG. 2 (and the likely affects of such faults), votes by nearby cars, etc. Such weighted 

voting approaches may be characterized primarily by three aspects--the inputs, the weights, and 

the quota. The inputs are (11, 12, ... , IN), where N denotes the total number of inputs. An input's 

weight (w) is the number of "votes" associated with the input. The quota (q) is the minimum 

number of votes required to "pass a motion", which in this case refers primarily to a decision 

made to place the SDV in manual mode or autonomous mode. 

[0053] In one or more embodiments of the present invention, active learning is employed 

so that the system as a whole learns from the experiences of many SDV s and drivers, in different 

geographies and among cohorts. Geographies may include cities, rural areas, and the like. 

Cohorts may include people with certain characteristics, disabilities, etc. 

[0054] Thus, the present invention allows switching between human operated (manual 

mode) and self-driving modes (autonomous modes) that takes into account the vehicle's 

operational condition and expected tolerances of the vehicle to the different modes. Since 

unexpected changes to vehicle condition can cause an immediate response by utilizing the 

12 

IPR2025-00943 
Tesla EX1002 Page 69



present invention, safety of the vehicle is optimized. Furthermore, self-diagnosis of faults can 

result in an immediate change in vehicle location to optimally resolve the fault (for example, to 

drive to the nearest flat tire repair shop). 

[0055] Besides the condition of the SDV 202, the condition of roadway 204 and/or SDV 

210 and/or SDV 212 is also used to determine whether to place SDV 202 in manual mode or 

autonomous mode. For example, if roadway is very narrow or runs along the side of a cliff, then 

SDV 202 likely would be safer if in autonomous mode. Similarly, if SDV 210 is experiencing a 

flat tire (as detected by an SDV on-board computer 301 within SDV 210), this fault condition is 

relayed to the SDV on-board computer 301 within SDV 202, either directly or via the 

coordinating server 201. Using this information will prompt the SDV on-board computer 301 

within SDV 202 to place SDV 202 into autonomous mode, which is better at handling 

unexpected movement of vehicles (e.g., the sudden slowing down and/or lateral movement of 

SDV 210). 

[0056] As depicted in FIG. 4, coordinating server 401 (analogous to coordinating server 

201 shown in FIG. 2) and/or SDV 202 and/or SDV 210 and/or SDV 212 and/or roadway 

monitoring system 208 and/or roadway sensor(s) 206 (all introduced in FIG. 2) are able to 

communicate with one another wirelessly, using a wireless transceiver (e.g., transceiver 123 

shown in FIG. 1) that is found in each of the coordinating server 401 and/or SDV 202 and/or 

SDV 210 and/or SDV 212 and/or roadway monitoring system 208 and/or roadway sensor(s) 206. 

This wireless communication optimizes the decision to place SDV 202 in autonomous or manual 

mode by taking information from SDV 202 and/or SDV 210 and/or SDV 212 and/or roadway 

monitoring system 208 and/or roadway sensor(s) 206 in order to determine which mode 

(autonomous or manual) to place SDV 202 in. 

[0057] With reference now to FIG. 5, a high-level flow chart of one or more steps 

performed by one or more processors to control a driving mode of an SDV in accordance with 

one or more embodiments of the present invention is presented. 

[0058] After initiator block 502, one or more processors (e.g., processor 103 shown in 

FIG. 1) receive sensor readings from a sensor (e.g., one or more of the sensors 153 shown in 

FIG. 1), as described in block 504. These sensor readings describe a current operational anomaly 

of an SDV (e.g., SDV 202 shown in FIG. 2). This current operational anomaly may be a software 
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bug in a control system for the SDV; worn down brake pads; worn down or tearing windshield 

wipers; a malfunctioning drivetrain; etc. 

[0059] The SDV is capable of being operated in autonomous mode by an on-board SDV 

control processor (e.g., SDV control processor 303 shown in FIG. 3) that is under the direct 

control of an SDV on-board computer (e.g., SDV on-board computer 301) or another computer 

system (e.g., coordinating server 401 shown in FIG. 4). A driving mode module selectively 

controls whether the SDV is operated in the autonomous mode (by the on-board SDV control 

processor) or in manual mode (in which the SDV is controlled by a human driver of the SDV). 

[0060] As shown in block 506, one or more processors determine a control processor 

competence level of the on-board SDV control processor. The control processor competence 

level describes a competence level of the on-board SDV control processor in controlling the 

SDV while the SDV experiences the current operational anomaly. Various approaches may be 

used to determine this control processor competence level. 

[0061] In one embodiment of the present invention, the control processor competence 

level of the on-board SDV control processor is history-based. That is, a record is reviewed on 

how effective the on-board SDV control processor has been in controlling the current SDV 202 

or similar types of SDVs (i.e., SDVs that have the same design and/or performance 

characteristics as SDV 202) in situations in which the SDV are experiencing the same type of 

operational anomaly (e.g., tires with poor tread depth). This effectiveness may be based on past 

1) accident frequency, 2) travel speed, 3) stopping and starting, 4) gas mileage, etc. That is, the 

control processor competence level of the on-board SDV control processor describes how well 

the on-board SDV control processor has been controlling SDV 202 or similar SDV s in terms of 

safety, cost, consistency, etc. when the current operational anomaly occurs within the SDV(s). 

[0062] In one embodiment of the present invention, the control processor competence 

level of the on-board SDV control processor is based on an analysis of capability of the on-board 

SDV control processor. That is, a review of what control features can be handled by the on-board 

SDV control processor is used to define the control processor competence level of the on-board 

SDV control processor. For example, assume that such a review confirms that the on-board SDV 

control processor is able to control the speed of the SDV 202 (i.e., "cruise control"), but nothing 

else. As such, the control processor competence level of this on-board SDV control processor is 

relatively low when compared to an on-board SDV control processor that is able to automatically 
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maintain safety distances (buffers of space) between other vehicles. Similarly, the control 

processor competence level of the on-board SDV control processor that can also maintain safety 

space cushions around the SDV has a control processor competence level that is lower than an 

on-board SDV control processor that is able to not only control the speed and safety cushion 

around the SDV, but can also control the steering of the SDV. 

[0063] As described in block 508 of FIG. 5, one or more processors receive a driver 

profile of the human driver of the SDV. This driver profile describes a human driver competence 

level of the human driver in controlling the SDV while the SDV experiences the current 

operational anomaly. That is, a driver may be very good at safely controlling the SDV when the 

air conditioning system on the SDV is working improperly, but may be very poor at safely 

controlling the SDV when the antilock braking system is not working and it is raining on the 

roadway. 

[0064] In one embodiment of the present invention, the human driver competence level 

of the human driver is history-based. That is, a record is reviewed on how effectively this driver 

has controlled the current SDV 202 or similar types of SDV s that are experiencing the same 

operational anomaly as currently being experienced by SDV 202. This effectiveness may be 

based on past 1) accident frequency, 2) travel speed, 3) stopping and starting, 4) gas mileage, etc. 

That is, the human driver competence level of the human driver describes how well the current 

driver has controlled this or similar SDVs in terms of safety, cost, consistency, etc. in the past 

under the anomalous conditions being experienced by the vehicle. 

[0065] In one embodiment of the present invention, the human driver competence level 

of the human driver is based on an analysis of capability of this human driver based on his 

traits/profile. That is, a review of this human driver's traits can lead to a conclusion regarding the 

strengths and weaknesses of this driver. For example, if this human driver has a record of poor 

night vision (as evidenced by a restriction on his/her license preventing him from driving at 

night), then the competence level of this driver to control a vehicle when a headlight is burned 

out is low. 

[0066] As described in block 510 in FIG. 5, one or more processors then compare the 

control processor competence level to the human driver competence level. In order to compare 

these two levels, different approaches can be taken. 
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[0067] In one embodiment of the present invention, each control factor (e.g., driving the 

SDV at night) is compared using the on-board SDV control processor versus the human driver. 

Each control factor that is relevant to the current operational anomaly of the SDV (e.g., driving 

at night in rainy conditions) is evaluated for both the on-board SDV control processor and the 

human driver. The control factors are then summed, in order to determine whether the on-board 

SDV control processor of the human driver is better at handling the SDV while the SDV is 

experiencing the current operational anomaly. 

[0068] In one embodiment of the present invention, the control factors being compared 

and evaluated (for the on-board SDV control processor versus the human driver) are weighted 

according to their predetermined significance to the overall control of the SDV. For example, a 

review of all traffic accidents may show that failure to properly control spatial cushions between 

vehicles caused more accidents than failing to signal. Therefore, the control factor of failing to 

maintain spatial buffers around the vehicle is weighted more heavily than the control factor of 

controlling tum signals. 

[0069] In one embodiment of the present invention, the control processor competence 

level and/or the human driver competence level are purely outcome based. That is, a history of 

safety, fuel efficiency, traffic flow (consistent or speeding up/slowing down), etc. of SDVs that 

are experiencing the operational anomaly are compared when being driven by the type of on­

board SDV control processor in use by SDV 202 to a human driver having a similar profile as 

the current driver of the SDV 202. Whichever type of operator (i.e., the on-board SDV control 

processor of the human driver) has been able to drive the SDV, under operational anomalous 

conditions similar to the current operational condition being experienced by the SDV, in a safer 

and more efficient manner is deemed to have a higher competence level. 

[0070] A shown in query block 512, a query is made as to which competence level is 

higher: the control processor competence level (CPCL) or the human driver competence level 

(HDCL). If the on-board SDV control processor is deemed to be better than the human driver in 

controlling the SDV while the SDV experiences the current operational anomaly (i.e., the on­

board SDV control processor has a relatively higher competence level than that of the human 

driver), then control of the SDV is assigned to the on-board SDV (block 514). That is, the SDV 

is placed in autonomous mode. 
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[0071] However, if the human driver is deemed to be better than the on-board SDV 

control processor in controlling the SDV while the SDV experiences the current operational 

anomaly (i.e., the human driver has a relatively higher competence level than that of the on­

board SDV control processor), then control of the SDV is assigned to the human (i.e., the SDV is 

placed in manual mode), as described in block 516. 

[0072] In one embodiment of the present invention, an alert is issued before ( or instead 

of) the driving mode module 307 and/or the SDV on-board computer 301 and/or the coordinating 

server 201 assigns the SDV to be operated in autonomous or manual mode. That is, in one 

embodiment, the driving mode module 307 and/or the SDV on-board computer 301 and/or the 

coordinating server 201 issues an alert (e.g., a message or icon displayed on a display within the 

cabin of the SDV 202) advising the driver of the SDV 202 to manually engage the autonomous 

mode or to disengage the autonomous mode and take over manual control of the SDV 202. This 

alert may simply precede the driving mode module 307 and/or the SDV on-board computer 301 

and/or the coordinating server 201 automatically changes from autonomous mode to manual 

mode ( or vice versa), or it may be the only action taken by the driving mode module 307 and/or 

the SDV on-board computer 301 and/or the coordinating server 201, thus leaving the transition 

from autonomous mode to manual mode or vice versa up to the driver. 

[0073] The flow-chart in FIG. 5 ends at terminator block 518. 

[0074] In one embodiment of the present invention, the comparison of the control 

processor competence level to the human driver competence level is general (i.e., whichever 

competence level is higher, regardless of what roadway is being traveled on). However, in 

another embodiment of the present invention, the comparison of the control processor 

competence level to the human driver competence level is roadway specific. That is, the 

competence levels are based on how well the SDV control processor and/or the human driver 

control the SDV on the specific roadway (roadway 204) that the SDV is traveling on, and/or the 

current environmental conditions (traffic, weather, darkness, etc.) of that specific roadway. 

[0075] As described herein, in one or more embodiments of the present invention 

wherein the current operational anomaly is from a group consisting of a presence of snow tires 

mounted on the SDV during a first road condition of the roadway (e.g., the SDV has snow tires 

but it is in the middle of summer, when snow tires provide less traction than when in snow in the 

winter), an absence of snow tires mounted on the SDV during a second road condition of the 
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roadway (e.g., non-snow tires on the SDV in the middle of a blizzard), tire pressure in a tire 

mounted on the SDV being below or above a predetermined level (i.e., one or more tires are 

underinflated or overinflated), tire tread on a tire mounted on the SDV being less than a 

predefined limit (i.e., there is an insufficient amount of tread left on one or more tires), a level of 

windshield washer fluid in a windshield washer fluid reservoir mounted on the SDV being less 

than a predefined volume, an inoperable headlamp mounted on the SDV (i.e., a headlight is 

burned out), condensation frosting of windows on the SDV exceeding a predetermined limit, a 

failure of an antilock breaking system in the SDV, a failure of an all wheel traction system in the 

SDV, a low automatic transmission fluid level, a low windshield washer fluid level, a low fluid 

level in the radiator, and a faulty braking system in the SDV. These conditions may be detected 

by sensors (e.g., fluid sensors in the windshield washer fluid reservoir), cameras (e.g., an on­

board camera aimed at the tires to detect the amount of tread and inflation in the tires), 

mechanical sensors (e.g., sensors that detect problems in the drivetrain or braking system), etc. 

[0076] In one embodiment of the present invention, a sensor (e.g., one of sensors 153 

shown in FIG. 1) used to describe current conditions of the roadway is mounted on the SDV. 

Sensor readings produced by the sensor describe environmental conditions of the SDV in real 

time. In this embodiment, one or more processors receive an environmental report from an 

environmental reporting service. The environmental report describes a general condition for the 

roadway. For example, a weather service ("environmental reporting service") may report via a 

data link (e.g., network 127 in FIG. 1) to processors on the SDV that there is icing occurring on 

the roadway 206 shown in FIG. 2. 

[0077] One or more processors then compare environmental information from the 

environmental report to the sensor readings that describe the environmental conditions of the 

SDV in real time. In response to the environmental report disagreeing with the sensor readings, 

one or more processors disregard the sensor readings from the sensor and use the environmental 

report to describe the current condition of the roadway. That is, the processors will trust the 

weather report of ice on the roadway over what the sensors detect, since the sensors are only able 

to detect ice conditions (if at all) on the surface below the SDV at any point in time. 

[0078] In one embodiment of the present invention, one or more processors retrieve 

driver profile information about the human driver of the SDV. The human driver of the SDV 

(e.g., SDV 202 shown in FIG. 2) is assigned to a cohort of drivers traveling on the roadway in 
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multiple SDVs (e.g., SDV 210 and SDV 212 shown in FIG. 2). The current human driver of the 

SDV shares more than a predetermined quantity of traits with members of the cohort of drivers. 

The processor(s) retrieve traffic pattern data for the multiple SDVs occupied by the cohort of 

drivers traveling on the roadway, and then examine the traffic pattern data to determine a first 

traffic flow of the multiple SDVs occupied by members of the cohort of drivers. The SDVs in the 

first traffic flow are operating in the autonomous mode on the roadway. 

[0079] The processor(s) also examine the traffic pattern data to determine a second traffic 

flow of the multiple SDV s occupied by members of the cohort of drivers. The multiple SDV s in 

the second traffic flow are operating in the manual mode on the roadway. 

[0080] In response to determining that the first traffic flow has a lower accident rate than 

the second traffic flow, the processor(s) prohibit the SDV from operating in the manual mode. 

[0081] For example, assume that a particular driver/occupant of an SDV has a 

characteristic (e.g., a history of traffic accidents while driving a vehicle in manual mode) found 

in other members of a cohort of drivers. Assume further that historical data shows that these 

cohort members have a history of accidents that is greater than that of on-board SDV control 

processors. Thus, if a particular driver matches up with the features found in members of this 

cohort, an assumption is made that this particular driver too is not as skilled as the on-board SDV 

control processor. As such, the control of the SDV is required to stay in autonomous mode, and 

is prohibited from switching to manual mode. 

[0082] In one embodiment of the present invention, sensor readings are weighted and 

summed m order to determine whether or not an SDV should be required to operate in 

autonomous mode. Thus, one or more processors receive sensor readings from multiple sensors, 

where each of the multiple sensors detects a different type of anomalous operational condition of 

the vehicle. The processor(s) weight each of the sensor readings for different anomalous 

operational conditions of the vehicle, and then sum the weighted sensor readings for the 

anomalous operational conditions of the vehicle. The processor(s) determine whether the 

summed weighted sensor readings exceed a predefined level. In response to determining that the 

summed weighted sensor readings do exceed a predefined level, the on-board SDV control 

processor prohibits the SDV from operating in the manual mode. For example, assume that a 

first sensor detects faulty windshield wipers and the second sensor detects a faulty cabin air 

conditioning system. Assume further that historical data shows that many more accidents are 
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caused by poor visibility (e.g., caused by faulty windshield wipers) than a warm cabin of the 

SDV. As such, the sensor readings from sensors that the faulty windshield wipers are weighted 

more heavily than sensor readings about cabin temperature. These weighted sensor readings are 

then added up. If the summed sensor reading weighted values exceed some predetermined value 

(which has been predetermined based on historic or engineering analyses as being a breakpoint 

over which the chance of accidents greatly increase), then control of the SDV must go into 

autonomous mode. However, if the summed sensor reading weighted values fall below this 

predetermined value, then control is pushed to ( or left in) the manual mode. 

[0083] In one or more embodiments of the present invention, the SDV 202 "learns" about 

how significant operational anomalies are. That is, by taking information from other SDV s and 

their driving history as well as the driving history of SDV 202 itself, SDV 202 is able to 

autonomous "learn" what operational anomalies are significant to the safe operation of SDV 202 

(e.g., faulty brakes, faulty throttle controls, tires with little or no tread, etc.) and those which are 

comparatively insignificant (e.g., a cabin air conditioning system that is low on refrigerant, etc.). 

[0084] In an embodiment of the present invention, if neither the autonomous mode nor 

the manual mode controls the SDV in a safe manner, then the SDV is autonomously pulled over 

to the side of the road and stopped. Thus, in this embodiment one or more processors set a 

minimum competence level threshold for the control processor competence level and the human 

driver competence level described above. The processor(s) then determines that neither the 

control processor competence level nor the human driver competence level meets or exceeds the 

minimum competence level threshold. In response to determining that neither the control 

processor competence level nor the human driver competence level exceeds the minimum 

competence level threshold, the driving mode module (e.g., driving mode module 307 in FIG. 3) 

directs the on-board SDV control processor to take control of the SDV and to bring the SDV to a 

stop. 

[0085] In one embodiment, the decision by the driving mode module 307 in FIG. 3 to 

place the SDV in autonomous mode or manual mode is further dictated by how well a particular 

driver or a particular SDV control processor handles a specific geometry of the roadway 204 

shown in FIG. 2 while a certain anomalous operational condition is being experienced by SDV 

202. For example, assume that a particular driver manually maneuvers the SDV 202 around a 

cloverleaf exchange, in which the roadway loops around onto itself. If a driver does poorly in 
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negotiating this cloverleaf exchange (e.g., hits the side of the cloverleaf barrier, is erratic in 

accelerating and/or braking through the cloverleaf, travels well above or well below the posted 

speed limit for the cloverleaf, etc.), as detected by various sensors 153 on the SDV 202, then the 

system will not let that driver negotiate through future and similarly configured (e.g., shaped) 

cloverleaves on the roadway, particularly if the SDV 202 is experiencing a problem (operational 

anomaly) with the antilock braking system (ABS). Rather, the system (e.g., driving mode module 

307) will automatically engage the autonomous mode when the similarly configured cloverleaf 

comes up while the SDV 202 is experiencing this anomalous operational condition. 

[0086] As described herein, in one embodiment of the present invention, the control 

processor competence level is based on a safety history for similar control processors in other 

SDV s. Thus, one or more processors retrieve control processor profile information about the 

SDV control processor that is on board the SDV. The processors(s) assign the SDV control 

processor that is on board the SDV to a cohort of SDV control processors in multiple other SDV s 

that are traveling on the roadway and experiencing a particular anomalous operational condition. 

This SDV control processor that is on board the SDV shares more than a predetermined quantity 

of traits with members of the cohort of SDV control processors. The processor(s) retrieve traffic 

pattern data for the multiple other SDVs that are traveling on the roadway, and then examine that 

traffic pattern data to determine a record of accidents for the multiple other SDV s traveling on 

the roadway while being controlled by the cohort of SDV control processors. The processor(s) 

then determine the control processor competence level (for the SDV control processor in SDV 

202) based on the record of accidents for the multiple SDVs (e.g., SDV 210 and SDV 212) 

traveling on the roadway (e.g., roadway 204) while being controlled by the cohort of SDV 

control processors and the SDV 202 is experiencing the particular anomalous operational 

condition. 

[0087] In one embodiment of the present invention, if environmental sensors on the 

roadway indicate that road conditions are too hazardous to allow the driver to manually control 

the vehicle while the vehicle is experiencing the anomalous operational condition, then manual 

mode is prohibited. That is, in one embodiment of the present invention, one or more processors 

receive sensor readings from multiple sensors (e.g., roadway sensor(s) 206 shown in FIG. 2). 

Each of the multiple sensors detects a different type of current condition of the roadway. The 

processor(s) weight each of the sensor readings for different current conditions of the roadway 
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(e.g., one for temperature, one for darkness, one for precipitation, etc.), and then sum the 

weighted sensor readings for the different current conditions of the roadway. If summed 

weighted sensor readings exceed a predefined level, then the SDV control processor on the SDV 

prohibits the SDV from operating in the manual mode while the vehicle is experiencing the 

anomalous operational condition. 

[0088] In one embodiment of the present invention, if the SDV control processor and the 

human driver are both incompetent to handle the operational anomaly (e.g., the SDV is on fire), 

then the SDV is automatically placed into autonomous mode and pulled over to the side of the 

road. That is, one or more processors set a minimum competence level threshold for the control 

processor competence level and the human driver competence level. If neither the control 

processor competence level nor the human driver competence level meets the minimum 

competence level threshold, then the driving mode module (e.g., driving mode module 307 in 

FIG. 3) directs the SDV control processor to take control of the SDV and to bring the SDV to an 

immediate stop. 

[0089] In one embodiment of the present invention, if the roadway is too narrow, or is 

along a cliff, or otherwise is unduly hazardous, then this fact is considered when placing the 

SDV in autonomous or manual mode. Usually this will result in the SDV being placed into 

autonomous mode, but in some situations (e.g., where GPS or other positioning signals are 

spotty) it may be preferable/safer to let the driver manually control the vehicle. Thus, in one 

embodiment of the present invention the SDV on-board computer 301 and/or controlling server 

201 receive, from one or more roadway sensors (e.g., roadway sensor(s) 206 in FIG. 2), a width 

of the roadway (e.g., roadway 204). Based on this information, one or more processors (e.g., 

within driving mode module 307 shown in FIG. 3) further selectively assign control of the SDV 

to the SDV control processor or to the human driver while the SDV experiences the current 

operational anomaly (and based on the width of the roadway). 

[0090] In one embodiment of the present invention and as described above, the system 

will drive the SDV in autonomous mode to the nearest facility that can resolve the current 

operational anomaly. That is, control of the SDV is transferred to the SDV control processor, and 

then one or more processors (e.g., within SDV on-board computer 301) receive a location of a 

resource provider that has been predetermined to be capable of ameliorating the current 
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operational anomaly in the SDV. The SDV control processor then maneuvers the SDV to the 

location of the resource provider. 

[0091] In one or more embodiments, the present invention is implemented in a cloud 

environment. It is understood in advance that although this disclosure includes a detailed 

description on cloud computing, implementation of the teachings recited herein are not limited to 

a cloud computing environment. Rather, embodiments of the present invention are capable of 

being implemented in conjunction with any other type of computing environment now known or 

later developed. 

[0092] Cloud computing is a model of service delivery for enabling convenient, on­

demand network access to a shared pool of configurable computing resources (e.g. networks, 

network bandwidth, servers, processing, memory, storage, applications, virtual machines, and 

services) that can be rapidly provisioned and released with minimal management effort or 

interaction with a provider of the service. This cloud model may include at least five 

characteristics, at least three service models, and at least four deployment models. 

[0093] 

[0094] 

Characteristics are as follows: 

On-demand self-service: a cloud consumer can unilaterally provision computing 

capabilities, such as server time and network storage, as needed automatically without requiring 

human interaction with the service's provider. 

[0095] Broad network access: capabilities are available over a network and accessed 

through standard mechanisms that promote use by heterogeneous thin or thick client platforms 

(e.g., mobile phones, laptops, and PDAs). 

[0096] Resource pooling: the provider's computing resources are pooled to serve multiple 

consumers using a multi-tenant model, with different physical and virtual resources dynamically 

assigned and reassigned according to demand. There is a sense of location independence in that 

the consumer generally has no control or knowledge over the exact location of the provided 

resources but may be able to specify location at a higher level of abstraction (e.g., country, state, 

or datacenter). 

[0097] Rapid elasticity: capabilities can be rapidly and elastically provisioned, in some 

cases automatically, to quickly scale out and rapidly released to quickly scale in. To the 

consumer, the capabilities available for provisioning often appear to be unlimited and can be 

purchased in any quantity at any time. 
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[0098] Measured service: cloud systems automatically control and optimize resource use 

by leveraging a metering capability at some level of abstraction appropriate to the type of service 

(e.g., storage, processing, bandwidth, and active user accounts). Resource usage can be 

monitored, controlled, and reported providing transparency for both the provider and consumer 

of the utilized service. 

[0099] Service Models are as follows: 

[00100] Software as a Service (SaaS): the capability provided to the consumer is to use the 

provider's applications running on a cloud infrastructure. The applications are accessible from 

various client devices through a thin client interface such as a web browser (e.g., web-based e­

mail). The consumer does not manage or control the underlying cloud infrastructure including 

network, servers, operating systems, storage, or even individual application capabilities, with the 

possible exception of limited user-specific application configuration settings. 

[00101] Platform as a Service (PaaS): the capability provided to the consumer is to deploy 

onto the cloud infrastructure consumer-created or acquired applications created using 

programming languages and tools supported by the provider. The consumer does not manage or 

control the underlying cloud infrastructure including networks, servers, operating systems, or 

storage, but has control over the deployed applications and possibly application hosting 

environment configurations. 

[00102] Infrastructure as a Service (IaaS): the capability provided to the consumer is to 

provision processing, storage, networks, and other fundamental computing resources where the 

consumer is able to deploy and run arbitrary software, which can include operating systems and 

applications. The consumer does not manage or control the underlying cloud infrastructure but 

has control over operating systems, storage, deployed applications, and possibly limited control 

of select networking components (e.g., host firewalls). 

[00103] Deployment Models are as follows: 

[00104] Private cloud: the cloud infrastructure is operated solely for an organization. It 

may be managed by the organization or a third party and may exist on-premises or off-premises. 

[00105] Community cloud: the cloud infrastructure is shared by several organizations and 

supports a specific community that has shared concerns (e.g., mission, security requirements, 

policy, and compliance considerations). It may be managed by the organizations or a third party 

and may exist on-premises or off-premises. 
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[00106] Public cloud: the cloud infrastructure is made available to the general public or a 

large industry group and is owned by an organization selling cloud services. 

[00107] Hybrid cloud: the cloud infrastructure is a composition of two or more clouds 

(private, community, or public) that remain unique entities but are bound together by 

standardized or proprietary technology that enables data and application portability (e.g., cloud 

bursting for load-balancing between clouds). 

[00108] A cloud computing environment is service oriented with a focus on statelessness, 

low coupling, modularity, and semantic interoperability. At the heart of cloud computing is an 

infrastructure comprising a network of interconnected nodes. 

[00109] Referring now to FIG. 6, a schematic of an example of a cloud computing node is 

shown. Cloud computing node 10 is only one example of a suitable cloud computing node and is 

not intended to suggest any limitation as to the scope of use or functionality of embodiments of 

the invention described herein. Regardless, cloud computing node 10 is capable of being 

implemented and/or performing any of the functionality set forth hereinabove. 

[00110] In cloud computing node 10 there is a computer system/server 12, which is 

operational with numerous other general purpose or special purpose computing system 

environments or configurations. Examples of well-known computing systems, environments, 

and/or configurations that may be suitable for use with computer system/server 12 include, but 

are not limited to, personal computer systems, server computer systems, thin clients, thick 

clients, hand-held or laptop devices, multiprocessor systems, microprocessor-based systems, set 

top boxes, programmable consumer electronics, network PCs, minicomputer systems, mainframe 

computer systems, and distributed cloud computing environments that include any of the above 

systems or devices, and the like. 

[00111] Computer system/server 12 may be described in the general context of computer 

system-executable instructions, such as program modules, being executed by a computer system. 

Generally, program modules may include routines, programs, objects, components, logic, data 

structures, and so on that perform particular tasks or implement particular abstract data types. 

Computer system/server 12 may be practiced in distributed cloud computing environments 

where tasks are performed by remote processing devices that are linked through a 

communications network. In a distributed cloud computing environment, program modules may 
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be located in both local and remote computer system storage media including memory storage 

devices. 

[00112] As shown in FIG. 6, computer system/server 12 in cloud computing node 10 is 

shown in the form of a general-purpose computing device. The components of computer 

system/server 12 may include, but are not limited to, one or more processors or processing units 

16, a system memory 28, and a bus 18 that couples various system components including system 

memory 28 to processor 16. 

[00113] Bus 18 represents one or more of any of several types of bus structures, including 

a memory bus or memory controller, a peripheral bus, an accelerated graphics port, and a 

processor or local bus using any of a variety of bus architectures. By way of example, and not 

limitation, such architectures include Industry Standard Architecture (ISA) bus, Micro Channel 

Architecture (MCA) bus, Enhanced ISA (EISA) bus, Video Electronics Standards Association 

(VESA) local bus, and Peripheral Component Interconnects (PCI) bus. 

[00114] Computer system/server 12 typically includes a variety of computer system 

readable media. Such media may be any available media that is accessible by computer 

system/server 12, and it includes both volatile and non-volatile media, removable and non­

removable media. 

[00115] System memory 28 can include computer system readable media in the form of 

volatile memory, such as random access memory (RAM) 30 and/or cache memory 32. Computer 

system/server 12 may further include other removable/non-removable, volatile/non-volatile 

computer system storage media. By way of example only, storage system 34 can be provided for 

reading from and writing to a non-removable, non-volatile magnetic media (not shown and 

typically called a "hard drive"). Although not shown, a magnetic disk drive for reading from and 

writing to a removable, non-volatile magnetic disk (e.g., a "floppy disk"), and an optical disk 

drive for reading from or writing to a removable, non-volatile optical disk such as a CD-ROM, 

DVD-ROM or other optical media can be provided. In such instances, each can be connected to 

bus 18 by one or more data media interfaces. As will be further depicted and described below, 

memory 28 may include at least one program product having a set (e.g., at least one) of program 

modules that are configured to carry out the functions of embodiments of the invention. 

[00116] Program/utility 40, having a set (at least one) of program modules 42, may be 

stored in memory 28 by way of example, and not limitation, as well as an operating system, one 
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or more application programs, other program modules, and program data. Each of the operating 

system, one or more application programs, other program modules, and program data or some 

combination thereof, may include an implementation of a networking environment. Program 

modules 42 generally carry out the functions and/or methodologies of embodiments of the 

invention as described herein. 

[00117] Computer system/server 12 may also communicate with one or more external 

devices 14 such as a keyboard, a pointing device, a display 24, etc.; one or more devices that 

enable a user to interact with computer system/server 12; and/or any devices (e.g., network card, 

modem, etc.) that enable computer system/server 12 to communicate with one or more other 

computing devices. Such communication can occur via Input/output (1/0) interfaces 22. Still yet, 

computer system/server 12 can communicate with one or more networks such as a local area 

network (LAN), a general wide area network (WAN), and/or a public network (e.g., the Internet) 

via network adapter 20. As depicted, network adapter 20 communicates with the other 

components of computer system/server 12 via bus 18. It should be understood that although not 

shown, other hardware and/or software components could be used in conjunction with computer 

system/server 12. Examples, include, but are not limited to: microcode, device drivers, redundant 

processing units, external disk drive arrays, RAID systems, tape drives, and data archival storage 

systems, etc. 

[00118] Referring now to FIG. 7, illustrative cloud computing environment 50 is depicted. 

As shown, cloud computing environment 50 comprises one or more cloud computing nodes 10 

with which local computing devices used by cloud consumers, such as, for example, personal 

digital assistant (PDA) or cellular telephone 54A, desktop computer 54B, laptop computer 54C, 

and/or automobile computer system 54N may communicate. Nodes 10 may communicate with 

one another. They may be grouped (not shown) physically or virtually, in one or more networks, 

such as Private, Community, Public, or Hybrid clouds as described hereinabove, or a 

combination thereof. This allows cloud computing environment 50 to offer infrastructure, 

platforms and/or software as services for which a cloud consumer does not need to maintain 

resources on a local computing device. It is understood that the types of computing devices 54A­

N shown in FIG. 7 are intended to be illustrative only and that computing nodes 10 and cloud 

computing environment 50 can communicate with any type of computerized device over any 

type of network and/or network addressable connection (e.g., using a web browser). 
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[00119] Referring now to FIG. 8, a set of functional abstraction layers provided by cloud 

computing environment 50 (FIG. 7) is shown. It should be understood in advance that the 

components, layers, and functions shown in FIG. 8 are intended to be illustrative only and 

embodiments of the invention are not limited thereto. As depicted, the following layers and 

corresponding functions are provided: 

[00120] Hardware and software layer 60 includes hardware and software components. 

Examples of hardware components include: mainframes 61; RISC (Reduced Instruction Set 

Computer) architecture based servers 62; servers 63; blade servers 64; storage devices 65; and 

networks and networking components 66. In some embodiments, software components include 

network application server software 67 and database software 68. 

[00121] Virtualization layer 70 provides an abstraction layer from which the following 

examples of virtual entities may be provided: virtual servers 71; virtual storage 72; virtual 

networks 73, including virtual private networks; virtual applications and operating systems 74; 

and virtual clients 75. 

[00122] In one example, management layer 80 may provide the functions described 

below. Resource provisioning 81 provides dynamic procurement of computing resources and 

other resources that are utilized to perform tasks within the cloud computing environment. 

Metering and Pricing 82 provide cost tracking as resources are utilized within the cloud 

computing environment, and billing or invoicing for consumption of these resources. In one 

example, these resources may comprise application software licenses. Security provides identity 

verification for cloud consumers and tasks, as well as protection for data and other resources. 

User portal 83 provides access to the cloud computing environment for consumers and system 

administrators. Service level management 84 provides cloud computing resource allocation and 

management such that required service levels are met. Service Level Agreement (SLA) planning 

and fulfillment 85 provide pre-arrangement for, and procurement of, cloud computing resources 

for which a future requirement is anticipated in accordance with an SLA. 

[00123] Workloads layer 90 provides examples of functionality for which the cloud 

computing environment may be utilized. Examples of workloads and functions which may be 

provided from this layer include: mapping and navigation 91; software development and 

lifecycle management 92; virtual classroom education delivery 93; data analytics processing 94; 
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transaction processing 95; and self-driving vehicle control processing 96 (for selectively setting 

control of an SDV to manual or autonomous mode as described herein). 

[00124] The terminology used herein is for the purpose of describing particular 

embodiments only and is not intended to be limiting of the present invention. As used herein, the 

singular forms "a", "an" and "the" are intended to include the plural forms as well, unless the 

context clearly indicates otherwise. It will be further understood that the terms "comprises" 

and/or "comprising," when used in this specification, specify the presence of stated features, 

integers, steps, operations, elements, and/or components, but do not preclude the presence or 

addition of one or more other features, integers, steps, operations, elements, components, and/or 

groups thereof. 

[00125] The corresponding structures, materials, acts, and equivalents of all means or step 

plus function elements in the claims below are intended to include any structure, material, or act 

for performing the function in combination with other claimed elements as specifically claimed. 

The description of various embodiments of the present invention has been presented for purposes 

of illustration and description, but is not intended to be exhaustive or limited to the present 

invention in the form disclosed. Many modifications and variations will be apparent to those of 

ordinary skill in the art without departing from the scope and spirit of the present invention. The 

embodiment was chosen and described in order to best explain the principles of the present 

invention and the practical application, and to enable others of ordinary skill in the art to 

understand the present invention for various embodiments with various modifications as are 

suited to the particular use contemplated. 

[00126] Any methods described in the present disclosure may be implemented through the 

use of a VHDL (VHSIC Hardware Description Language) program and a VHDL chip. VHDL is 

an exemplary design-entry language for Field Programmable Gate Arrays (FPGAs), Application 

Specific Integrated Circuits (ASICs), and other similar electronic devices. Thus, any software­

implemented method described herein may be emulated by a hardware-based VHDL program, 

which is then applied to a VHDL chip, such as a FPGA. 

[00127] Having thus described embodiments of the present invention of the present 

application in detail and by reference to illustrative embodiments thereof, it will be apparent that 

modifications and variations are possible without departing from the scope of the present 

invention defined in the appended claims. 
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[00128] While the invention has been described with reference to an exemplary 

embodiment(s), it will be understood by those skilled in the art that various changes may be 

made and equivalents may be substituted for elements thereof without departing from the scope 

of the invention. In addition, many modifications may be made to adapt a particular situation or 

material to the teachings of the invention without departing from the essential scope thereof. 

Therefore, it is intended that the invention not be limited to the particular embodiment(s) 

disclosed, but that the invention will include all embodiments falling within the scope of the 

appended claims. 
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CLAIM: 

1. A computer program product for controlling a driving mode of a self-driving vehicle 

(SDV), the computer program product comprising a non-transitory computer readable 

storage medium having program code embodied therewith, the program code readable 

and executable by a processor to perform a method comprising: 

receiving sensor readings from a system of sensors, wherein the sensor readings 

describe a current operational state of a SDV; 

determining based on the sensor readings, by one or more processors, whether a 

fault has occurred; 

determining, by the one or more processors, whether the fault exceeds a threshold 

for danger; 

determining a corrective action associated with the fault using a fault-remediation 

table; 

the SDV implementing the corrective action. 

2. The computer program product of claim 1, wherein: 

the sensor readings comprise a reading from a GPS sensor; 

the fault comprises a current weather condition of the roadway on which the SDV 

is currently traveling; 

determining whether the fault exceeds a threshold for danger compnses 

determining a control processor competence level; 

the corrective action comprises transferring driver controls to manual control and 

alerting a human driver to take over immediately. 
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3. The computer program product of claim 1, wherein: 

the current operational state of the SDV comprises a physical state of a human 

driver; 

the fault comprises a position of the human driver's hands; 

determining whether the fault exceeds a threshold for danger compnses 

determining a competence level of the human driver; 

the corrective action comprises alerting the human driver to take over 

immediately and reducing a speed of the SDV. 

4. The computer program product of claim 1, wherein: 

the sensor readings comprise a reading from a GPS sensor; 

the fault comprises a road condition, wherein the road condition comprises an 

absence of lane markings; 

determining whether the fault exceeds a threshold for danger compnses 

determining a control processor competence level; 

the corrective action comprises transferring driver controls to manual control and 

alerting a human driver to take over immediately. 

5. The computer program product of claim 1, wherein: 

the sensor readings comprise a reading from a GPS sensor; 

the fault comprises a low battery; 

determining a corrective action associated with the fault using a fault-remediation 

table comprises a weighted voting parameter; 
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the corrective action comprises re-routing the SDV. 

6. A self-driving vehicle (SDV) comprising: 

a sensor system comprising a plurality of sensors; 

vehicle controls comprising: engine throttle, steering mechanism, and braking 

system; 

a computer system comprising a processor coupled to a non-transitory computer 

readable storage medium containing program code, the program code 

readable and executable by a processor; 

the computer system is capable of receiving a sensor reading from the system of 

sensors; 

the computer system is capable of operating the vehicle controls; 

the computer system is capable of determining the operational state of the self­

driving vehicle (SDV); 

the computer system is capable of determining a vehicle fault; 

the computer system is capable of determining a competence level of the 

processor; 

the computer system is capable of determining competence level of a human 

driver; 

the computer system is capable of determining a corrective action usmg the 

competence level of the processor and the competence level of the human 

driver; 

the computer system is capable of implementing the corrective action; and 
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the computer system is capable of issuing an alert indicating the corrective action. 

7. The SDV of claim 6, further comprising: 

the system of sensors comprises a GPS sensor; 

the operational state of the self-driving vehicle comprises a first road condition; 

the vehicle fault comprises an absence of a sensor reading; 

the corrective action comprises querying a database for the proper action to take. 

8. The SDV of claim 6, further comprising: 

the system of sensors comprises a GPS sensor; 

the operational state of the self-driving vehicle comprises the program code; 

the competence level of the processor comprises a version of the program code; 

the vehicle fault comprises the version of the program code not being a most 

current version; 

the corrective action comprises alerting the human driver to update the program 

code to the most current version. 

9. The SDV of claim 6, further comprising: 

the sensor system comprises sensors that detect a physical state of the human 

driver; 

the sensor readings comprise an indication of a position of the human driver's 

hands; 
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the computer system determines the competence level of the processor usmg 

active learning data, said active learning data including information from 

other SDVs; 

the computer system determines the competence level of the human driver using 

the sensor readings; 

the corrective action is to transfer vehicle controls to the human driver; 

the alert indicates take over immediately. 

10. The SDV of claim 6, further comprising: 

the system of sensors comprises a GPS sensor, a radar sensor, and a battery-level 

sensor; 

the operational state of the self-driving vehicle comprises a first road condition; 

the computer system determines the vehicle fault using a sensor reading as a 

weighted voting parameter; 

the computer system determines the competence level of the processor usmg 

active learning data, said active learning data including information from 

other SDVs; 

the computer system determines the competence level of the human driver using a 

fault remediation table; 

the corrective action comprises the computer system using the engine throttle. 

11. The SDV of claim 6, further comprising: 
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the sensor system comprises sensors that detect a physical state of the human 

driver; 

the sensor readings comprise an indication of a position of the human driver's 

hands; 

the computer system determines the corrective action usmg weighted voting, 

wherein a weighted voting parameter is determined based on active 

learning data, said active learning data including information from other 

SDVs; 

the computer system determines the competence level of the human driver using 

the sensor readings; 

the corrective action comprises the computer system using the engine throttle. 

12. A computer program product for controlling a driving mode of a self-driving vehicle 

(SDV), the computer program product comprising a non-transitory computer readable 

storage medium having program code embodied therewith, the program code readable 

and executable by a processor to perform a method comprising: 

determining a competence level of a human driver, wherein the competence level 

describes a competence level of the human driver in controlling the SDV; 

receiving sensor readings from a system of sensors about the competence level of 

the human driver, wherein the SDV is operable to provide autonomous 

control of driver controls comprising: engine throttle, steering mechanism, 

braking system, and navigation; 

determining a competence level of a processor; 
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determining a corrective action; 

the SDV implementing the corrective action. 

13. The computer program product of claim 12, wherein: 

the sensor readings comprise a reading from a GPS sensor and a reading from a 

speedometer; 

determining the competence level of the processor comprises weighted voting; 

determining the competence level of the human driver comprises weighted voting; 

determining the corrective action comprises using active learning data, said active 

learning data including information from other SDV s; 

the corrective action comprises querying a database for the proper action to take. 

14. The computer program product of claim 12, wherein: 

the sensor readings comprise a reading from a GPS sensor, a reading from a radar 

sensor, and a reading from a battery-level sensor; 

determining the competence level of the processor comprises weighted voting, 

wherein a sensor reading comprises a weighted voting parameter; 

the weighted voting parameters comprise a number of inputs (N), an input's 

weight (w), and a quota (q); 

the corrective action comprises the processor controlling the engine throttle. 

15. The computer program product of claim 12, wherein: 

the sensor readings comprise information about a current weather condition of a 

roadway on which the SDV is currently traveling; 
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determining a corrective action compnses determining whether a fault has 

occurred and whether the fault exceeds a threshold for danger; 

16. The computer program product of claim 15, wherein: 

the current weather condition comprises reduced visibility of the roadway; 

the processor determines whether a fault has occurred using active learning data, 

said active learning data including information from other SDV s; 

17. The computer program product of claim 15, wherein: 

the sensor readings comprise a reading from a GPS sensor; 

determining whether the fault exceeds the threshold for danger compnses 

weighted voting; 

a weighted voting parameter comprises active learning data, said active learning 

data including information from other SDV s. 

18. The computer program product of claim 15, wherein: 

the sensor readings comprise information about the physical state of the human 

driver; 

determining the competence level of the human driver compnses usmg said 

information about the physical state of the human driver; 

the threshold for danger comprises the competence level of the human driver; 

the corrective action comprises the processor controlling the engine throttle. 
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19. The computer program product of claim 15, wherein: 

the sensor readings comprise a reading from a GPS sensor; 

determining the corrective action comprises using active learning data, said active 

learning data including information from other SDV s; 

the corrective action comprises querying a database for the proper action to take. 

20. The computer program product of claim 15, wherein: 

the sensor readings comprise a reading from a GPS sensor, a reading from a radar 

sensor, and a reading from a battery-level sensor; 

the fault comprises a low battery; 

the threshold for danger comprises a battery voltage; 

the corrective action comprises re-routing the SDV. 

21. A computer program product for controlling a driving mode of a self-driving vehicle 

(SDV), the computer program product comprising a non-transitory computer readable 

storage medium having program code embodied therewith, the program code readable 

and executable by a processor to perform a method comprising: 

determining a competence level of a human driver using information about a 

physical state of the human driver; 

receiving a sensor reading from a system of sensors, wherein the system of 

sensors comprises a GPS sensor, a radar sensor, and a camera; 

determining a vehicle fault using the sensor reading; 

determining a corrective action; 
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sending a control signal to a control system of the SDV corresponding to the 

corrective action. 

22. The computer program product of claim 21, wherein the control system comprises: an 

engine throttle, a steering mechanism, a display, and a braking system. 

23. The computer program product of claim 21, wherein determining a corrective action 

comprises looking up an entry in a fault remediation table and wherein sending a control signal 

comprises sending to a display an alert that corresponds to the entry. 

24. The computer program product of claim 21 further comprising: 

determining a current condition of a roadway; 

determining a competence level of a control processor, wherein determining the 

competence level of the control processor comprises determining whether 

the control processor is competent to control the SDV while the SDV 

encounters the current condition of the roadway. 

25. The computer program product of claim 24, wherein determining the current condition of 

the roadway comprises determining a weather condition of the roadway. 

26. The computer program product of claim 24, wherein the control system comprises: an 

engine throttle, a steering mechanism, a display, and a braking system. 
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27. The computer program product of claim 24 wherein determining a corrective action 

comprises looking up an entry in a fault remediation table and wherein sending a control signal 

comprises sending to a display an alert that corresponds to the entry. 

28. The computer program product of claim 27, wherein determining the current condition of 

the roadway comprises determining a weather condition of the roadway. 

29. The computer program product of claim 28, wherein determining the weather condition 

of the roadway comprises receiving a sensor reading from a camera. 

30. The computer program product of claim 27, wherein the weather condition of the 

roadway is selected from the group consisting of: rain, snow, sleet, hail, fog, smoke, wet 

roadway, icy roadway, reduced visibility, temperature exceeding a predetermined threshold, 

temperature below a predetermined threshold. 
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CONTROLLING DRIVING MODES OF SELF-DRIVING VEHICLES 

ABSTRACT 

A computer-implemented method, system, and/or computer program product 

controls a driving mode of a self-driving vehicle (SDV). One or more processors compare a 

control processor competence level of an on-board SDV control processor in controlling the 

SDV to a human driver competence level of a human driver in controlling the SDV while the 

SDV encounters a current roadway condition which is a result of current weather conditions of 

the roadway on which the SDV is currently traveling. One or more processors then selectively 

assign control of the SDV to the SDV control processor or to the human driver while the SDV 

encounters the current roadway condition based on which of the control processor competence 

level and the human driver competence level is relatively higher to one another. 

42 

IPR2025-00943 
Tesla EX1002 Page 99



OECLARATH)N (37 C.FJl. Udy FOR CTUJTY PATENT AJ"PLICATION OSlNG .t\N 

APPUCAT.H)N DATA SHEET {37 C.LR 1.76) AND ASSIGNf.lENT 

Titk {;f[nveniton: CONTROLUNG DRJVlNG MODES {)F SELF--DRl\TNG VEmCLES 

(X.l Unitd SL,itc: application or PCT i:-,k,rn;,JlonHi applk:,t:ion ,Hnnb('.r _ 14/865,393 __ 
filed on September 25, 2015 

l believt:: th~~t f ant th~ (}riglnal inventnr or an ongin~~1 joint inventor of a cJairned ·in, .. cntlon in the 
appik:ation. 

f arn ff\.'-:are -:.rfthe duty to di::-ciose tn the lJn1~ed States Pat<:.~tn and ·rra(h~Jnark (}ffi<.:e Ht! inforrn:1!inn 
knG\Vn tr) rnt to be tnateria~ to patentabdity as df1'1rH~d in 37 ('FR Section 1 ,j6. 

\A/ here as., l (~'t-\SSf(jN()~! '.''} he~\.,::.: rn;.:tde certain irl"/(~nttons'.' in1proven1ents .. and di:~('.O\··erie\ (h(:rein refert;;::d 
to a~, the "lnvenlbn '') di~c]ose.d in (:;,~ above--icknti t'ied pat mt :ippl !cation ami fi.tt"tl\er ickntlfkd by th~ 
!Bl\·'/ D<:,,:hi Num}x-,r pro,.-idcd abmT in the head,;r of this document: 

V·/he~'t.."H::\, Jnterna1iot1::d r~usiness l\-·Ja(hines C~orporat~o-n (ht·rtin rei\:rred to as rhe ~~ .. :\SSl(iN[,E?"_\ a 
corporation of t'-Je\•V l{ ork. ha vin,½~ a pi ace of bu~ti:ne~.~~ ;}i /\ nn.onk.~ Ne\.v .. '{ (1rk, de~lri::~ to a,,qu~ re~::. and ·: 
f:h~sire to gra.nt to tht:-l\SSI(rNE~E, iny e.:nire \.Vf}rkhvid{~ right: thlt:,, and "ini{:re5t in and to the Invent;on ;1nd 

in and i'o ,my and all rmknt application::; :md patenis dircckd Lh;-;t('i(;:_ 

Nn\Y~ n.u~rt:fi.!r:;.\ for goc:d and va.lua.bh.:-considera.t1rn1, 1he rec.e-~pt and suffie-~cnc~.,: tber~;:)fbejng h,~n~by 
ack no\vledged~ 1 .hereby E~JJ or ha\ .. e ~old~ assign CH b::iV(~ ::t~:2;}gne(\ and otht:"::·vvisc transh.:-r or ha~·'{: 

tn1ft:;:t'ettcd to ihe t\.SSI(JNE .. E'.~ ·i1s sut:C\:'.S~or::;.: k~gaj repres.ent1tlvt..~~-;~ and ass\·;ns~ tny entir~ \,voddrv·kii:: 
t~ght:-t~th.\ and interest ;n and to the Tnven-t~znt, the abnv:;.: ... identified l.inited States patent apphcr.:.ilo:n~ a-nd 
any· a,nd nH other patent appli,:~rtiz;n~ and patents for the In\:·entinn \Vb irh :na._y be a.pp) ied for or /rarned 
tk,rdi:,r in th( United Siak~, ;,,nd ln aH f,.:,,-~)ign rnunt,·i;-;s and j;rri:,diciions, lndudin1,; :,il i di vi::ion,;. 
continuations, t\~lss-ues~ n:e-xarn inatiz111:::,~ renev.,:al:~~ exten~;ion~~~ counterpart::-~, substftui:t:~;~ and c:,:,,ten:;io:n::; 

d-H:-reof. and ail rights of priot't(y rc-:t;1_dting frn:n the CiHng of su.ch apµHeatinn'-' and granting nf ~n1c-.h 
r~atent:~, in additi(>n~ l hereby authnrizt: and r:;,:qu:;,:st the l)irector of th~ LJnHed St:tte~: P~_Jent ~j_nd 
·rr~tdern<u·k (}fllce to i~;~;~_h;-any· l.irfrted State~ ·Fa,tent~ and for(~ign patent auth()ritie-s to !Ssue <tny fiJr:;.~ign 
pH1x~nL granted t::n· the lrrventio:L to the i\.SSl(3Nf.~_E, i~~ :,;ucces:sor:s., legal represt:nt;3.tivc~~:, and 2-ssign~;:. :ny 
en.tir,~ \Vor.!d,"\,..i.Je ri~~hC tith.\ Hnd interest .in and tn th:;; ~~::trne io be heid and enjoyed b_y th-;:; /-\SSf(JNE .. E·., -;_ls 
?U(:c(~ssrJrs:. ~eg~d represfnt{~_tj,,,f~;:. and ~)ss3_gn~; to tht ·n.di tnd oftht~ t~~r-rn~ for V-ihlch any and ~t11 suc·.h 
pnt(~n1\ rnay be grant~~d., as fl:dl),, and tntircly a~: \\1 ouid tH3_-..,.t: b~~cn held Hnd i:~n.Jo.y{:d. b:,{ ffH:'. hnd thL; 
.t\.~~~J:~nn1i;:~n-t not been inade; and t ;1gri..~e t,"J i..:>~fcute ~in_y and an docurnent~ a-nd -instn_unents ::ind perh:nrn an 
f~n-vfi.:l acts rea"Sonably related ro rec(:rding tfrh-: :\ss!gn1nent nr perfee.t111g title tn the Jnv"t.~ntjon and a.!1 
related patents and .. a.ppHcatlon~~ in the-: .,A,SS{C~'Nf~:[::. its :succes".'trrs., k-:ga_! reµn·~~t:ntative~;:. and as~lgn~;, 
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n{.~t ~x~cut~(:L ~H1d \,v!U n(!t cxt~cut~. any doctU)1(~tn or instrurn::nt in c(:nfb::.:t h~:~n-~\.,,i1h. ! ::th~::J hereby gn~ni 
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H:Hvl DOCKET NUtvHJER: YOR9101S0507USI 

DECLARATION (37 CF.R. 1.63) FOR UTILITY PATENT APPtJCATlON USING AN 
APPLICATION OATA SHEET (37 C.F.R. 1.76) AND ASSlGNJ\H~NT 

Thk: pf hneniim1: CONTROLLING DRIVING i\lOIJES ()F SELF-DRIVING VEIHCU:S 

IXJ Unikd Siaks application or PCT inkn1,Hion:1! applicalion nrnnber 14/865,393 
fikd·on $~pt~rritJ~r?!:i, ?OJEi 

I !11.dk'.\·(: that lam the N1gi1Ja! inv;~rHor oi- an nririnal j11int imc1llw of a (:laim~d inH~ntkin in 1he 
application. 

lam awure of l!K duty to dl:,i.'.hx,(~ i(l ihe Unikd S!aks Paklli and Trndcmmk ()fficc a!! information 
kw:,,vll lo Bk' kl lw rnakrial I<:! piltent,ibility as defined in :;7 CFR S(:(:tion 1.56. 

Wher..::as, l (''ASSl(lNCllC) hav,: mack certain im,cntions, in1prnvernenis. ;:rnd discoverks (_herdn r(,ferred 

to ,h nw ''lm·tntion") dl:,i.'.hised in the abovc~ide11iiiied paklll applk·,1tion Hild fonher ickniiiied by the 
I B /VI Dnckt'! N rnnb('.r provided above in the lic:ader of thb (kicum(~nt; 

Wh(~t\?as, lnk'nntiona! Bnsi!l('.SS Macl1iiK'.'i C\wporation 0wr0i11 re!c-rred to as the "ASSIGNEE'"). ;1 

corp!)rmi,)11 n(New ·v-ork having a pbc(: or busin,:;,;s at i\nno11k. New \'otl, desires io acquire, mid l 
ds:-,ire Jo gr,:mi w tile .-'\SSIC1NFF .. my t'.lllit\' worldv,ick: ri,~hi. lilk and imerest in and to the-l11H'.t1tion and 
in aml to ,my and al! patent applicatiz1ns and paknh din:ckd thei-do: 

Nnw, iher,'.l<)rc, l<lr g<1c,d ,ind vnluabk consi,kration, the recd pt. and sufficiency lhtrrnf being IK~rcby 
adn(nvfcdgtcd. ! hereby sdi nr have s11id, w,:-ign or lwvc m;,;ign(·d. and oth('.rwisc trans for or have 
tr~iw;forrcd to l h-2 ..-:\ SS l(i NL[. if'- ,;uc(·c:,sors. kgal reprcs,'.11taliH·s, ,ind a~signs. my ~nlire \1.,zw!dwidc 
rid1L title. and inlacsl in ,md io !lie lnH~ntion. thc abn1:(·--idt'ntif1ed l!nik'd St,iws paknl application, and 
a;~y and ult other p,Hent :;ip11!icatiom; and 1xl\l:nis for the lnvcntinn which may be applied for or granted 
thcrel'or in l.ilc United Slat-::,. ai1d in an fordgn t(nn1trk~ and juri,dictions, including: all divisions, 
l'.Olll!nuiHiun'.o. reia;'.,\ICS, rce:\aminationc;. rcnnvals. extensions .. ~'.Otmkrpar!S, subslitutcs, and cxll'.n<.i(lns 
thcr(ioL and a!I rights l)r pdMity rcsu!ling frn111 ihe fili11g of such appli(:ations and granting or such 

1mkllh !n addiik,n. l lwrcby autlwri1.(0 and requcsi the Dir(·clor of the Uniled States Paknt and 
Trnd('.nrnrk OHktc to kwc aily Unit.xi Sl,i.k-, Patent, ,md fo(cign pal('Bt authoriti'C''i to issue any foreign 
naknt. l?rn,llt:d frir tk fnv,:niin1L to lfl(' ASSIGN EL, th succ,,:s;s.or.~. !tgal ,e1x<:scntativa.:s. and as:.;ign.;,, rny 
~'.ntirc ,;:orldwidc rkilt iilk. nnd iniertst in and tn !!K s,mie io be held ,rnd e111oycd by lht i\SSIGN[E. it, 
MH.:cc,,()i-<,. k~;;d 1\'.;~n::st:llt,Hivn;, and ,hsi~1Vi tn the i'ull end ,)l'il1~' lams fi:ir \vhidi a11y and all such 
pai<:nis Dia:, I·,; gr,i1;t('.lL ns foHy and cn!ii'l:l_y as wou!d !MVC btc11 hdd and er~ioycd by in..:: had this 
A~'-i1_;nnw1lt nnl been m,id.:: and I aQt\?t. !(, ~·x;;cuk anv and al! dnnm1(·nts and instn1mcms and pi~rfrirm all 
kn.vi~_-;! ;id$ rc,1s,)1iably rdakd 10 r<,;~1rding thb Assig;rn1cnt or p,,:rk'ding lilk ro ihc Invention ,md uH 
rdak:d paknts and applications, i,1 the ASSIGNEE. its \llu.:t~:;;sors, kga.l represcntaiivcs, and assigll~. 
;1.·llc11cvcr r0q uc;;tcd by tile i\ SS IG NF F. its successors, !qpd reprcs('ntativcs, or assigns. 
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1111\l DOCKET NUM!3FR; \'OR!>20150507US1 

! acknowkdgc n1y p1'ku-and (ingoin(~ ohlig:i!inns lo sdL w;sign. and tramrer rny right~; under this 
Assignment h) the ASS!GNFE and am 1rna\tHi\.' of any reason why ! may not have 1/:i.:-fill I and 
lmi.:.,11cumbned right i(! ,;,di, assign, ,Hld trnrn;fer iny righJ,; heri.?by :-old. assigned, ,ll)d transferred. ,md have 
!Wl exe1-.,u!ed, and will noi t~:,;ecut('.. ,my do(,ument or in:-,tn11ncni in conflict !K,r(:\Vith. I alsn hi,m:~by grnnt 
the ASSIGNEE. ih \tKecs~ors, lcgn! rqwcst·ntativts, and assigns. lhe right 1n 1'.w,crt in thb Assigmill;n! 
;my further ide1Hiric1tion (in(!uding, bui no! !inirkd tc>, p,1kni Applkatlon Number) which muy be 
ll(!Ct:~;s,ir:,· or dc<;irnbk for rl'Cordati(rn of tht:-AssignmeriL Chis Assig11men1 l'- governed by lh~, 
suhs!:.1mih'. i::w,; or th,: Sbk of New Vork. and .my disp11k~ ,vii! be rcsolv,'.d in a New York stak co11rt or 
rcdern! (,ouri i,ih~d in Nnv ·York. 

l hereby ,1d .. n(mkdgc thni ,rny 1,. it!fo! fols(· stalem(,tlt nKHk in ihi<. d,x:bralinn i:-; puni;,habk under 18 
U .S.C. I UO I by !1ne or imprhz,rnm'nl uf noi mo!\'. than fiv.: ( S) yi;:ars.. or boJh. 

( 3 .l Lq:,d Name of lnvdtto!: ASHISII f..:VNDt 

s ii: 1ial tir,': -----------------···--------------------_________ ----------·················------·------------·----···--·--------············--· 

Dat!C':_"------------------------·········--······· 
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IBM DOCKET NUMBER: YOR920150507lJSl 

DECLARATION (37 C.F.R. 1.63) FOR UTILITY PATENT APPLICATION USING AN 
APPLICATION DATA SHEET (37 C.F.R. 1.76) AND ASSIGNMENT 

Title of Invention: CONTROLLING DRIVING MODES OF SELF-DRIVING VEHICLES 

As a below named and undersigned inventor, I hereby declare that: 

This declaration is directed to the altached application, or (if following box is checked): 

lXJ United States application or PCT international application number 14/865 393 
filed on September 25, 2015 . --~-------

The above-identified application was made or authorized to be made by me. 

I believe that I am tfle original inventor or an original joint inventor of a claimed invention in the 
application. 

T have reviewed and understand the contents of the application, including the claims. 

I am aware of the duty to disclose to the United States Patent and Trademark Office all information 
known to me to be material to patentabilily as defined in 37 CFR Section 1.56. 

Whereas, I ("ASSIGNOR") have made certain inventions, improvements, and discoveries (herein refeffed 
to as the "Invention") disclosed in the above-identified patent application and further identified by the 
IBM Docket Number provided above in the header of this document; 

Whereas, International Business Machines Corporation (herein referred to as the "ASSIGNEE"), a 
corporation of New York having a place of business at Armonk, New York, desires to acquire, and I 
desire lo grant to the ASSIGNEE, my entire worldwide right, title, and interest in and to the Invention and 
in and to any and all patent applications and patents directed thereto; 

Now, therefore, for good and valuable consideration, the receipt and sufficiency thereof being hereby 
acknowledged, T hereby sel1 or have sold, assign or have assigned, and otherwise transfer or have 
transferred to the ASSIGNEE, its successors, legal representatives, and assigns, my entire worldwide 
right, title, and interest in and to the Invention, the above-identified United States patent application, and 
any and all other patent applications and patents for the Invention which may be applied for or granted 
therefor in the United States and in all foreign countries and jurisdictions, including all divisions, 
continuations, reissues, reexaminations, renewals, extensions, counterpalts, substitutes, and extensions 
thereoC and all rights of priority resulting from the filing of such applications and grnnting of such 
patents. In addition, I hereby authorize and request the Director of the United States Patent and 
Trademark Office to issue ,my United States Patent, and foreign patent authorities to issue any foreign 
patent, granted for the Invention, to the ASSIGNEE, its successors, legal representatives, and assigns, my 
entire worldwide right, title, and interest in and to the same to be held and enjoyed by the ASSIGNEE, its 
successors, legal representatives, and assigns to the full end of the tenns for which any and all such 
patents may be granted, as fully and entirely as would have been held and enjoyed by me had this 
Assignment not been made; and I agree to execute any and all documents and instruments and perfon11 all 
lawful acts reasonably related to recording this Assignment or perfecting title to the Invention and all 
related patents and applications, in the ASSIGNEE, its successors, legal representatives, and assigns, 
whenever requested by the ASSIGNEE, its successors, legal representatives, or assigns. 
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IBM DOCKET NUMBER: YOR920l50507l/Sl 

I acknowledge my prior and ongoing obligations to sell, assign, and transfer my rights under this 
Assignment to the ASSIGNEE and am unaware of any reason why I may not have the full and 
unencumbered right to sell, assign, and transfer my rights hereby sold, assigned, and transferred, and have 
not executed, and will not execute, any document or instrument in conflict herewith. I also hereby grant 
the ASSIGNEE. its successors. legal representatives, and assigns, the right to insert in this Assignment 
any further identification (including, but not limited to, patent Application Number) which may be 
necessary or desirable for recorclation of this Assignment. This Assignment is governed by the 
substantive laws of the State of New York, and any disputes will be resolved in a New York state court or 
federal court sited in New York. 

I hereby acknowledge that any willful false statem.ent made in this declaration is punishable under l 8 
U .S.C. I 00 l by fine or imprisonment of not more than five (5) years, or both. 

( l) Legal Name of Inventor: MICHAELS. GORDON 

Signature:. _______________________ Date: _______ _ 

(2) Legal Name of Inventor: JAMES R. KOZLOSKI 

Signature: _______________________ Date:. _______ _ 

(3) Legal Name of Inventor: ASHISH KUNDU 

Signature: _ _:_~-1----:·· :_:..-~----L.f1--~=-:=:..;_-=-=--=--...,__ _____ Date: 

(4) Legal Name ofinventor: PETER K. MALKIN 

Signaturc: _______________________ Date: _______ _ 
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(5) Legal Name of Inventor: CLIFFORD A. PICK OVER 

Signature: _____________________ Date: ______ _ 
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IBM DOCKET NUMBER: YOR920150507US1 

DECLARATION (37 C.F.R. 1.63) FOR UTILITY PATENT APPLICATION USING AN 
APPLICATION DATA SHEET (37 C.F.R.1.76) AND ASSIGNMENT 

Title of Invention: CONTROLLING DRIVING MODES OF SELF-DRIVING VEHICLES 

As a below named and undersigned inventor, I hereby declare that: 

This declaration is directed to the attached application, or (if following box is checked): 

[x] United States application or PCT international application number 14/865,393 
filed on September 25, 2015 . --~--------

The above-identified application was made or authorized to be made by me. 

I believe that I am the original inventor or an original joint inventor of a claimed invention in the 
application. 

I have reviewed and understand the contents of the application, including the claims. 

I am aware of the duty to disclose to the United States Patent and Trademark Office all information 
known to me to be material to patentability as defined in 37 CFR Section 1.56. 

Whereas, I ("ASSIGNOR") have made certain inventions, improvements, and discoveries (herein referred 
to as the "Invention") disclosed in the above-identified patent application and further identified by the 
IBM Docket Number provided above in the header of this document; 

Whereas, International Business Machines Corporation (herein referred to as the "ASSIGNEE"), a 
corporation ofNew York having a place of business at Armonk, New York, desires to acquire, and I 
desire to grant to the ASSIGNEE, my entire worldwide right, title, and interest in and to the Invention and 
in and to any and all patent applications and patents directed thereto; 

Now, therefore, for good and valuable consideration, the receipt and sufficiency thereof being hereby 
acknowledged, I hereby sell or have sold, assign or have assigned, and otherwise transfer or have 
transferred to the ASSIGNEE, its successors, legal representatives, and assigns, my entire worldwide 
right, title, and interest in and to the Invention, the above-identified United States patent application, and 
any and all other patent applications and patents for the Invention which may be applied for or granted 
therefor in the United States and in all foreign countries and jurisdictions, including all divisions, 
continuations, reissues, reexaminations, renewals, extensions, counterparts, substitutes, and extensions 
thereof, and all rights of priority resulting from the filing of such applications and granting of such 
patents. In addition, I hereby authorize and request the Director of the United States Patent and 
Trademark Office to issue any United States Patent, and foreign patent authorities to issue any foreign 
patent, granted for the Invention, to the ASSIGNEE, its successors, legal representatives, and assigns, my 
entire worldwide right, title, and interest in and to the same to be held and enjoyed by the ASSIGNEE, its 
successors, legal representatives, and assigns to the full end of the terms for which any and all such 
patents may be granted, as fully and entirely as would have been held and enjoyed by me had this 
Assignment not been made; and I agree to execute any and all documents and instruments and perform all 
lawful acts reasonably related to recording this Assignment or perfecting title to the Invention and all 
related patents and applications, in the ASSIGNEE, its successors, legal representatives, and assigns, 
whenever requested by the ASSIGNEE, its successors, legal representatives, or assigns. 
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I acknowledge my prior and ongoing obligations to sell, assign, and transfer my rights under this 
Assignment to the ASSIGNEE and am unaware of any reason why I may not have the full and 
unencumbered right to sell, assign, and transfer my rights hereby sold, assigned, and transferred, and have 
not executed, and will not execute, any document or instrument in conflict herewith. I also hereby grant 
the ASSIGNEE, its successors, legal representatives, and assigns, the right to insert in this Assignment 
any further identification (including, but not limited to, patent Application Number) which may be 
necessary or desirable for recordation of this Assignment. This Assignment is governed by the 
substantive laws of the State of New York, and any disputes will be resolved in a New York state court or 
federal court sited in New York. 

I hereby acknowledge that any willful false statement made in this declaration is punishable under 18 
U .S.C. 100 I by fine or imprisonment of not more than five (5) years, or both. 

(I) Legal Name of Inventor: MICHAELS. GORDON 

Signature: Date: ----------------------- --------

(2) Legal Name of Inventor: JAMES R. KOZLOSKI 

Signature:. _______________________ Date:. _______ _ 

(3) Legal Name of Inventor: ASHISH KUNDU 

Signature: _______________________ Date: _______ _ 

( 4) Legal Name of Inventor: PETER K. MALKIN 

Signature <S7~ k~ 
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(5) Legal Name of Inventor: CLIFFORD A. PICKOVER 

Signature: Date: --------------------- -------
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OECLARAHON (37 CF,R,. L(dJ FOR UTILITY PATENT APPLICATION VSlNG AN 
APPLft'ATfON DATA SHEET (37 C',F.lt L7ti) AND ASSlGNMENT 

fXJ United ~ta1\,:, :tppfa :n V,,1 ,):- P( • i int~'t nati,-n:,, ,,r,p\iu,1i,,n nu,,iher 14/865,393 
t'ikd on September 25, 2015 . 

f ben(:v(~ tha~ t an-t tht: origjnai ~nv::::ntot nr ::tn orig_inal joint ~iT·/env)r of" H :.::hti;nt:d ~n'/c-~rd~on in th;.;.: 
appii(atini1. 

l Hro mv:ir·t'. of !he duty tn distlo,,e io tlw Un/ed Sthk\: Pate1·lt and Trade.in::irk ()lTiv.'. all 1nfonrw:ion 
kJ)(Y•/,q\ to :rE:; 10 t,e· rnateT3al t,> patentab:ihty ;}.~; defhH:d tn ~1~7 (~!?R. Section J ,56. 

\Vh(~rea~> I c~r\SSi(tN()H·:~) ha·ve ~n(i.de cert:tin ~ni..:tnt~c-ns: itnpro',/ernt:~nt~;., and di~:;...::o·veric:~; (her{~~n refctr~d 
tc as tht~ "lnvu1tion '') di<-dos{'.d h 1'k ,lbnvc--1,:kntified -pat,-~nt appl,cation and fi..1rther id('ntifkd by th('. 
If)J\.1! I)o~~ke-t .~~un1ber pn)v•;.d{~d. atH)\.,e in the hrad.,-:r nf ih~s docurn(:nt; 

\Vhen:·<:~-;~ Lnternai"ion;:d }Ju~:.jn~~ss f\·'la:.:.:bin<~~; ('orporatinn (hereir:. re-E::-rr:;d to as the ''"i\SS}<J~·).EE.~\ a 

corporat!on of N0\V York having a p~act ~)fbusinc-:~;~; Ht /\rrnonk,. -Nev ... '\/od•:_-~ desir:.~s in ::::.cqu.tre .. a.nd I 
desire to grant tr, the ;\SS1(5t--~ EE~ :ny t"Htire ~!...,,}rl{h-vkh~ right~ tith.\ :::.nd irdi.:·rtst in ::tnd te: H:-::: J nvention an:J 
in and to any :::.nd ::di patent apphc{H!tH)~, and patents dii\~eted then.:to: 

·Novi~ th(~retbr(:~ for got~d an(! \··a!u;:ibk~ r.trnsideratk11\ the t(~c~~ipt and ':-uffic!.:::ncy (h£~f':.~or being h~-:reby 
acknr),:vtt~dged. I hereby st:H (H" hu\.:~~ \Gld.: a.~~ign or have as\ign,~d, ;).nd othe:r\vis:.:-transfi:~r or h~~., .. {~ 
transh~rred to th~~ l\SS1Ci~·~f~E. its :;ucce~;~;ors~ Jegai reprcscntath:es .. a.nd as:::1gns. n1y t~nt,ire \V()rkh-~.:~d~ 

right.. title~ ::.tnd inteTc~~i in ttnd to the lnven;-inn.~ tht:· abnv:;.:~•kh~nti.flf:d LJnited Stat~s pHtent :1ppVication~ an(l 
Hn),.. and t).!1 other patent apphcation~: ::tnd patents t{)t the invention \.vh1ch trtay bt applied for or g::-i}nted 
tlKrcfot· ir, the United State:, and in al! n_,reign ro,intdes andjud<-dktt,0;ns, inrhding all divi:,ions, 
C{H1linuation~;~ rei\sues, n.:(~XarninaUon.~. 1\~TH~v .. ,at~ .. cx1{:·n\!t>ns, counterparts, substitutes" and txt::n~~ion~:; 
th,~;\::-of ;:~nd aH ·6ghts ))f p.dn.dty rr~uU ing Cron-: the fi h.nft ::)f :~uch ;::.ppnc~tlic~n:; and gr:1.ntlng -:)f su~~h 
patent:~, th :1dd!tion .. i berrby a.ut.h(~rL-:.c r~nd request tht [)jrtctor oftb,..:-Un!ted Stutes Pa1t:nt ;:tnd 
'f:·adenHtrk ()ftl~e tu t~~sue any Li ni!ed S!at<:. .. s f\HenL: and foreign patent HHth.oritje:~ to j~st~e Jn:y foreign 
paten:. .. g;:-anted for the ir:.\:\:>nOol\. to th(~ }\SS}(i1'1EE. it~~ suc,\-:;;s(in:~ h:.·gat rt~presenlati',.:t~~;~ and a~.,-fgns~ rny 
entlr~ ~\:z,r1{J,..-./}dt· r~ghL. thh:·~ and int(:'.rtst :i.n ~~nd lo ·the sarrH::-l.{} be btkl r:.nd z:njoytd b)'· rhe ;:\SS1C5f'~.[.E .. Its 
~uce;;::~.sor~. ·iegal reprt$entatjv1~~, and ;::.~s3gns to th:: fun end oftb(-: tcrn:t; for \v}:i::.:b any and ~3.D ~;uch 
patents n1:\)'' b(: grani(~d,, :1~ fb.Dy and enfi.r~1y ;}~; v,:ou.ld hffv\: btcn he\:.1 and (~r~joyed by nt~ had ·H1iY 

/\.s:::ignrnent not been !Jt8.d(:: ar:d l agree re-txt:cui{: any :1:nd i3.L! docurnents and !nsi:rurn(~nt~; ~ind ptrfc•nn ;:d t 
ia\vfi.d acts ·tz~<:sonuhly n~~la.ted to t\~corcUng thi-s-i\s~;1gnnient or pt..~r1\~ct;ng title to th;;} l:r,.,..,:-nOon and al[ 
rdated paten;:-. md application:,, in the ASSIGN FE. ib Sll('.i.\:-ssor:\ kg,;:d repr<:'~cntative'.,, and assign\. 
\Vhentvcr requ.e2-;ix~d by fhi:: l\SSl(f.f'~.E.E~ its suc:.::et::;on,~ legal repr::s.tntati\·es,. or as~lgn~. 
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f ::1ch.no\.vlt:dg(: rny prlor a.nd on:rn1ng r>bHgat1on.~ l<.} s:;.:lL ;1.~s~gn~ ~:tnd tran~ftr iny r;ghi~~ lHid{:r tlli~: 
/\~~igrunent !(~ the /\SSJ(~it\J EE~ ;:_tnd ;:ttn :.niH\•Vare of ::tn~y feasnn \vhy r rna:•/ not h:.:~\:\~ th(~ fu.U and 
unencurnb~:Ted rjg.ht to \t:H .. assign, and tran~~h~r rny rights htrfby sokL ass.Igned., and tra.nsftrred. a.nd havr 
not e\ecu~ed, a.nd \.~liH not i~\ecutf:~ any docnn1ent ur )nstrunH.:nt -;_n connit.t h•;::re:..\·-U·.fl. ! :1l:~o hereb~y gran: 
the ASS }()_N E_E, Us ~d.;.cc:;.:s~;rns., k:g(d reprt::-:.erd;:~ti ·._.·(;s~ and ;:~~;~:igns~ the tigh; 10 insert in lhis ;\s:jgnn:(~:rt 

,u1y fi.n-ther Uemific;1tion (includi::g, but lWl limited ,z,, patent f\pplicali,)n Number) '8hkh m.ay be 
nc~ce~;~;~3.iy Gt desirabk· fi>r f{:tordabon (:ft.his l\.f:~:ignn.u:nt. ··rh~~; /\ssignn:1-=:nt i~ gov~rned by th:;.: 
st;b:~tant:\-T hn.,.:~~ of th(~ Stutt-~ (~f--t-..Jev,: \.: Grk, ~3.nd ~~ny dis-put('.~ \Vii! bt: resolved 1.n a N(·~1--v \··c~rk ~t1tr cou.n (>r 
f~der~d ('C:trt. shed in ·N:.:<\V \;,·<n-1::. 

~ htreby ackno:..:•dedg~~ that any· \vHH\d f;;.l:~;,;:·. ~;tHh.~in~nt tr:.~1de in this de(\lar:~.t1on j~·. ptrni~h::tbie under } h 
(.J.S.('. 100 .i by fine (ff in~prisonrnent of n(>t rnor:: than fi\\~ { 5) )'\~?JS, or both. 

(4) Legal Name of lnvtnl,:,r: PETER K MAL!< !J\ 
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English language translation is attached. 
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CERTIFICATION STATEMENT 

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s): 

That each item of information contained in the information disclosure statement was first cited in any communication 
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the 
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That no item of information contained in the information disclosure statement was cited in a communication from a 
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public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 
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application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you 
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. 
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Privacy Act Statement 

The Privacy Act of 197 4 (P .L. 93-579) requires that you be given certain information in connection with your submission of the 
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised 
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited 
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to 
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested 
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may 
result in termination of proceedings or abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act 
(5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the 
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these records. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a 
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement 
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3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a 
request involving an individual, to whom the record pertains, when the individual has requested assistance from the 
Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for 
the information in order to perform a contract. Recipients of information shall be required to comply with the 
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records 
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant 
to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of 
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or 
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to 
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and 
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this 
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make 
determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of 
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record 
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in 
an application which became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspections or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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c21 )$il"5 201911163613.6 

c22)$ilS 2014.12.04 

(3O)1ft$HRJ1tr.s 
61/911,490 20B.12.04 !JS 

61/993,084 2014.05.14 us 
61/993,111 2014.05.14 us 
62/015,524 2014.06.23 us 
62/022,221 2014.07.09 us 
62/010,221 2011.08.21 us 
62/040,269 2014.08.21 us 

(62),t~m,:$ilt1tr.s 
201480074153.9 2014.12.04 

(71 )$ilA. tiiJJmHt1JH=ht1'f~~0-§'J 
it!!.!J.t ~ 'E.3'Lllmi4Hl!1at 

(72)~JIJ=JA A• :R:tfI:R: E • 'i-71! G • ~~ 

(54)£aJ=J~f/F 
ffl ri't1i ~11 $a~ *tJEto7';}t 

C57)=1iM! 
*~~U&ffl-f"~W~u$ITT~~®n$o~ 

~~n$~fflfflm*~m~±~AA~filoft-~ 
"k JJlli rr , tiff¾ T -f~ ffl r ± $ti!fj ITT~ JJ5:3H~ Ji;JJ ~ 
BJt ~ tJE" Jiff 3£ ~ ME oJ 1Mt : ~ y-~001i 11IH:1t~ 
B,m3£~&-~00~ffl~~B~~@~~~± 
$ti!fjITT~ffJliIB:±~s~$~00fiJ&t},j}ti □: ~&~ 

y-~~=fll~•omJ&:~y-~~=fll~-oJ~@ 
~ : ft Jiff J:t $ ~ 00 ft rr JE 111W $ di r Jiff J:t $ ~ 
~~*fflkmJ&:~u**~ITT~&-~~~=~& 
~~mJ&:±$ti!fj~ffimJ&:~$~mJ&:~&-~ 
i)Jff o 

( 10) $ il-0111 "5 CN 111027 420 A 

(43)$il0111S 2020.04.17 

C74)-½f1H-tfl*JUiil :Jr,,~ =;tl[~omf"t£1~=fll~~~ 
i~-§111127 

f-\:flA. =F 1J, * 
(51)Int.CI. 

G06K 9/00(2006.01) 

860W 30/14(2006.0l) 

860W 60/00(2020.01) 
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CN 111027420 A 1/2 §! 

1. -;fr/t ffl r $ffiB"Jit:w f Et, folr5£it:w f Et'filtt: 
Z¥ fl~ ; Ll R. 
:¥&-~~;Et~, foJrJ£:¥1J>-~~;Et~*iiiJm!Jx, = 

MM5£$ffi~~~n~~~$~~-,M5£$~~-xt@f~ ~~$~fflm~~~ 

OOftJ1JE; 
MMJ£$t-~•~~ttr$m~m-oo~m-$m~fil~ttrMJ£$m~m=oo~ 

m= t:mtiic, foJrJ£1f1jJJ;j~~wi-@ffltiffittfoftJ£t.m, foJrJ£ffi= 11J!~1:g foftJ£ffi-flJ!~:t§xt; 
~MJ£$~~MJ£ffi-$m~~1:gmJ£ffi=$m~fil~~fflxtm~~~~-@AA; 
MM5£$~00-~~xt~ttfffl5£$ili~MJ£ffi-OO:i±~ttrffl5£$ili~M5£ffi= 

11J!~ Ll .& foftj* xt ~ m :ct foftj* m · · * m tiii::'. :tE ~ffi:ctfoJrj* m = * i~!f:j ii::'. ; Ll .& 
~M~$ffi~~~-@AALlfi*~rlMM~$m~q:i~~#~~~~~o 
2. tlH!tx.liJ:~*lfoJT5£B"Jit~f Et, Jt q:i, J=ift5£M~JE::$ffi o 

3. tlH!tx.lLlJI*1foJTJ!B1it.fEt ,;ttq:i ,J=iJTJ!M~~li/,'i o 

4. ti.Hi txlLl ~ * 1rJrJ!B"J it• f Et , ;tt ~ , rlr5£:¥ &-~~;Et~: 
~M~$ffi~~~-@AALlaM~$ffi~ttM~xt~~~~§MWaM~ffi-$m~ 

fill:gM5£ffi=$m~~Z~fflxt~m~" 
fi. :¥&-f-~pifaiSt·tiit•tJL PT ~fl' )fft, }1)Tj£~pl[{iiSt·tiit1nifJL PT ~fl' Jfft'filt~t~~, }1)Tj£ 

m~a~mr$ffi~it•fEt~fi~~~MJ£it•fEt= 
MMJ£$~~~~n~~~$~00-,M5£$~00-xt@f~-~~$~fflm~~~ 

00 ftJ~J! ; 
MMJ£$~OO~~~ttr$m~m-oo~m-$m~fil~ttrMJ£$m~m~oo~ 

ffi ~.$i1Hiic, foJrJ£$~jJJ;j~~\IJ$-@ffltiffiiifoJTJ£$m, JiJrJ£ffi--: f1J!~-'::] J=iftJ£ffi-flJ!~:t§xt: 
~M5£$ffiaMJ£ffi-$m~~~M5£ffi=$m~fil~~fflMmq:i~~~-@AA; 
MMJ£$t-OO•~~~~~fMJ£¼m~MJ£ffi-OO:i±~~TM5£¼m~M5£ffi= 

00LlR.M~xt~ffittM~ffi-$m~~:i±~ffi:ctM~ffi=$m~~;LlR 
~M5£$ffi~~~9AA~fiill~ttMMJ£$m~q:i*~#~~~~~o 
6 . tlH!iHx.lLl ~ * s J=iJTJ!B"J if:&-~~~ 1[$ st ·ti it JHJL PT~ fl' Jfft , ;tt q:i , J=iJTJ£xt~~$~iJB" 
7. tlH!tx.lLlJI*sfoJTJ!s1:¥&-~~p1[$s-Hiit•tJLPT~fl' Jfft, Jtq:i ,foJT5£x0·~te±iL 
8. tlH!t>llLlJI*sJ=ift5£ 01 ¥. &-t-~P 1[1iist·ttit'.ntJL PT i#1r Jm, ;tt q:i, J=ift5£ ¥. &-f-~p1f1ii 

~ttit•mm~fl'Jm~~m~.mJ£m~a~MJ£it'.nfEt~fi~~~MJ£it'.nfEt= 
~M~$ffi~~~-@MLlaM~$ffi~:ctM~M~~~~§MWaM~ffi-$*~ 

fil~M5£ffi~$m~~~~fflxt~mq:i" 
9. -;fqii{:,t ~, i~i::,t ~'E1t!5: 
fflfM$ffi~~~$~~~$~00-~$#,M5£$~00-M@f~-~~$~fflm 

~~O"J 00 {fj~Ji: 

fflrMMJ£$~oo•~~ttr$m~m-oo~m-$m~fil~ttrMJ£$m~m= 
OO~ffi~$m~fil~$#,M5£$ffi~~~AAiffi:ctMJ£$m,MJ£ffi~OO~MJ£ffi-OOffi 
xt: 

fflf~MJ£$ffiaMJ£ffi-$m~fil~M5£ffi=$m~fil~~fflMmq:i~~~-@AA 
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CN 111027420 A 2/2 §[ 

s~:&IWt; 
fflrMM~$~~-~~~-~rM~$m~M~ffi-OO~~~rM~$m~M~ 

ffi=OOLlRM~M-fflrlM~ffi-$m~fil~~fflrlM~ffi=$m~fil~$#:LlR 
fflr~M~$ffi~±~~MLlfi*~rlMM~$m~~*~#~~~~*~$#. 
10. flHYis;tJV¥U~:zjt9JiJr~s"J i&!:1& ,,;~ ,JiJr~xt-~$$rl3c 
11. flztAstztHJ:zjt9JilT~8"Ji&~ ,,;~ ,JiJr~xt•~±i1 c 
12. tlHris ;txtu ~ *9 JiJrits"J -i& ~, JiJrit: -i& ~1'1 t! m r1tJiJrit:$tfrl3 § ±±t11 ~~n: Ll aJiJrj£$ 

ffi~rlM~M-~~~§MW1=EM~ffi-$m~fil~M~ffi=$m~fil~~fflM~m~ 
s"J$14o 
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CN 111027420 A 1/62 J;_f 

[0001] * $ iW JE:: $ iW B t/2014~12 JH B , $ ffi% t/20148007 4153.9(PCT/IB2014/ 

003151) ''ift:.6Jl 15f8Ztl "fflrtlfnlWif 8"1 ]U;c5fn1J;'I!" 8"J~lU$m8"J?J\.~$iw 0 

11i#@i±i 
[0002J Jifii£*0:ff ,e, 1,<$:1±/; R El ± $$jl,lj-@Jm, £Jl1,<$:tih, ~ R 11 ffl *§1JL1i1A El± $$jl,lj-@ BJt 
tt1if 8"J *t;c5fP1Jr! o 

.=llc.§-l:±-,l,i 
~ ~1X"I' 

[0003] PiH~tl#81~WlilltV' §~~i1±mJi!!J:-@M81.je½§ ::t.$tjli,j8"J § ,ti,~ep~~jzs:Jlj O § 

%,B±$ffi~~m~~~m#~a~~~A~~AB"Jffl~~~M 0 B±$ffi~m~~~ 
Nlzsl ~ * fl¥r~ ® lzsl ~1~~ t±:1 ~=i 811*;E, 1J, iz½ n'iHiPjijtmIU:Jzs:iY1Jtjj § 8"Jtt o 1lJIJ:tzo, =i $$W,j 
mm~rtmMJ:fiill~~~~~~~~*ffi~fiA~~#xt~.§±~~*~mrt$ffi~ 
~ q:i t!H?.~ ii:~ xt~, # 11*~~ 3 81 rm RB1 B"J fj) 11: ~61:92, ~i!EtiL ~Jr, § _±~ fj) * t;c m i?.JJU 
:tt 'ti m~ ~, @izo icjm 18 % , :it:i1lHi ,ct 5f P * mtiic , rtrit :tt 'ti :tl:f ~ ~tm m$tjli,j ft iJJ c flJIJ :tzo , 3 
$$W,j&,i~1~ Jt!j,]J!_ mfi:iJ1Bt, $ffi~13g;mtts"J ltGt, $$rJ§&,i~5E1:tra:iiH! 1:, ~~) "B ±~lx: 
i}J*t;cnJ~~~~pfiij;E$$jl,lj1aJB1 S.i~~m,Ji!!D ltt~, rf~i!'!Ji!!, ~~of~:rhs~®~{lJljlrr: rm~ 
~ 8"1 ~' it$ [zs] ~ mf3g~ ~ ffl~iR' lj, 1f:ti1~f3g1']$ 12½ rm1iEfi§tili.-@M8"J § ±$m 0 

£a.,EJpg.t£ 
[0004 J .1=g * 0:ff t§ - JJC 81 ~ JJfil1f :&Ji1~ ffl r § _± $tr13 -@B1C81 * tx f P1f1t C 0:ff 8"1 ~ JJfil1f 
~mftffli'§tJL*ri11t § _i:.$$pi,j ~BJttt1iE o{lJIJizu, .½03Hr0~hm1f~1'§-tX, 0:ffB'-J *txm '§ 

m-~,~~~~$~fflm,fflr~~*m~m#~¥rxtrnMJ£fflmq=is"J-~~$~M 
$t 8"1 oo 118"17J\. 1-fi*r 1=t -@Bn: U[nj s. 0 

[0005J 550:ff01~JJfil1f~1'§-¥J, ti{~ T-f~ fflr$ffiO"J~!J1!J3.$flJM-@M*txofofi5£* 
~mBm:~&-~OO-M$t~I,mJ£~&-~OO-M$t~I-~ffi~$t~$ffim~~ 
±~B'-J ~~0011; litli!Ht: D; ~JR~&-~~ll~Iofofrit~ d,--~~ll~ImtiJffinJG: i:2EB 
Mit~fflffiDffi~M5£$~00-:~fflM5£$~00-~5EaMJ£$ms"Jffi-OOJ:B"Jffi-$ 
m~*;*fflMJ£$~00-~5E~aMJ£$ffis"JMJ£ffi-OOffl&B"JM5£$ffis"Jffi=OOJ:B"J 
ffi=**~*'~q:iMJ£ffi-$m~*~ffi=**~*~5EMJ£$ffifiillB"1$m,#~~ 
q=iffi-~~~ilirMit*ffi~MJ£ffi-0055MJ£ffi-*m~*~~~~~,#~ffi=~~ 
MS.rM~$ffis"JM~ffi=0055M~ffi=$m~*~~B"J~~;~TM~$~00~*~;E 
$mM~~#~~~arMJ£$ffi~MJ£ffi-OOJ:;~**mM~~#~arMJ£$ffi~ 
MJ£m-001:,~ft~MJ£$mamJ£ffi-$m~*~ffi~$m~*~fiill,~mmJ£ffi 
-~~ArMJ£ffi=~~:¥rM~$~oo•*~5E$~ffi3*#~~~arMJ£$ffi~ 
Jifiit~= f1J11J r.; * ~izo***1i3*1tf:#arJifiJ£$ffiO"Jrfiit~= f1J11J r., »11Jt1ftJifiJ£$ffi 
amJ£ffi-$m~*~ffi=$m~*~fiill,~fflMJ£ffi-~~~rMJ£ffi=~~. 
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CN 111027420 A 2/62 §[ 

[ooo6J --½ 03f Et'-J ~ hm1f Jtt§-r'x, rfr5£:¥ &-,t~;Et~li PT ill-7-VtiJmJJt ~u~~r Jifr5£ 
$1"00•~~$mffi#*#~arMJ£$m~MJ£ffi-fflffiffi~m~~k,~tt~MJ£ffi 
-~~~MJ£ffi=~~Aftffl~ 0 MJ£:¥&-,t~;Et~:'I.PT~mAA~rMJ£$1"00•*~ 
~ $ m 1i #~1tf:~ ~ £* r. ::f #a,* 1l ~□ !IUJrJ£ * m ,im # ~1tf: £* r. ::f #a, 1Jl!J¥J ft Jifr 
J£$mamJ£ffi-$m~*ffiffi=$m~*~fiill.~~MJ£ffi-~~~*k~rMJ£ffi 
=~~.~*M5£:~~~~M~M~~~~$iliffi~*#~a,~MJ£:¥&-,t~;Et~li 
PTt1JmAA¥tft JiJr3£ffi ·Me~ t~Jifr3£ffi=lie~ .:kif:& 1. 2s1i O ~f~ttL JiJr3£if:& ,t~w~ 
:'I.PTill-ff~mAAft~MJ£ffi-~~ltMJ£ffi=~~A:¥&2ffl.~*MJ£~~M~M~ 
AA~~~~MJ£$mffi#*#~M~-.~MJ£:¥&-,t~;ff~-pJ~:igAAft~MJ£$m 
amJ£ffi-$*~*ffiffi=**~*~fiill,~fflMJ£ffi-~~~~~m~ffl~rMJ£$ 
m~*ffl,HllM5£:ffi=~~ffi~MJ£~m~ffl~rMJ£$m~~ffl.~*M5£:~~M~ 
M~M~~~~MJ£$iliffi~*#~mamJ£$ili~-fflk~a-,t~$,t~~'~MJ£ 
:¥& ,t ~W~n PTtiJmAAl'Y: ft pJr3£$$W3aJiJr3£ffi ·$3lt/,J*l□ffi=$:uitf.J* ~frill, ft 
ffl~~m~-1"~$,t~~~m.:krm~m=~~~m~m-~~.m~-1"~$1"~~ 
PT 'ElJtf}fJ!LB"J $ 3tlU□/~ff .A,* 1l PT Alf lfelfi TIIT.:kr 10cm~ r'i'li lit oPfr5£ffi-$:i1it"J*t□ 
m=~~~*$~:¥&-1"PT~~~~a•ook~~-•oo~•~~~•oomm~~~~ 
$~.~~$iliffi#*#~~~arMJ£$m~MJ£ffi-OOPT•rB~~~amJ£$m~ 
pfr;£ffi ·f~~kB"J firn*tAff ◊¥3l1t p)T3£$$W3aJ1Jr3£ffi • $3ft"J*5f□ffi=$3lt"J* ~ ff ill ft 
fflM~ffi-~~.:krM~ffi=~~PT~rM~$m~~~M~~Affifflffl 0 

[0007] 1=5 !h-i~ff R"J~]i1fJtt§-i!z:, -frft$$py;J PJ'E1t~: ffi-$$]#3f~~; E5 p)Tj£ffi-$$]#3f~~ 
ffl&~ffi=$~00;:¥&-,too•M~~-.MJ£:¥&-,too•M~~-~~:@AA~~$ 
tW,i ~11 ili: rx: ±i s"J $1" 0011 : 11ct!i!Hl □ : ~J 1£:¥ 1J>-1" ~ J1!1~ Ii o J:ifr5£ :¥ 1J>-1" £tJ1!1 ~- PT tiJ m 
AA:~~MJ£~ffl~n~~MJ£$1"00·;~fflMJ£$1"00·~~aMJ£ffi-$mfflk~ 
ffi-$:ui¼*;*~MJ£$1"00-~~aMJ£ffi=$mfflk~ffi=$:ui¼*,~~M5£:ffi 
-$:ui~*ffiffi=$:ui~*~~MJ£$~fiill~$:ui,Jtll~$ffi-~~~@rMJ£ffi­
$~001=5MJ£ffi-$:ui~*~~~~~.Jtllffi=~~~@rMJ£ffi=$~ffl1=5MJ£ffi= 
¼m:~*~oo~~~;~rMJ£$1"00•*~~¼m:ffi#~#~~~arMJ£ffi-¼moo 
k;~***ffi#*#~arm~ffi-$mOOk.~~~M~$mam~ffi-$*~*~ 
ffi~$m~*~fiill,~fflMJ£ffi-~~.:krM5£:ffi~~~;~TM5£$1"00~*~~$ 
mm#~#~~~arMJ£ffi~$~fflk;Jtll~**mffi#~#~arMJ£ffi~$~ffl 
k, IJlUJJ 1~PJr5£$$W0 aPJr5£ffi-$:ui t"J *if□ ffi =$:ui t"J *~ff ill, 1~zi Pfr5£%-Ji!'Q ~ Jj\ r 
Pfr5£ffi=Ji!'Q ~ o 

[ooosJ 1=5 03f B"J~]i1fJtt§-Jt, J:ifrJ£:¥1J>-1"£tJ1!1~1i PT ill--ti:;;J;iJmAA~□ *~r Jifr5£ 
$1"00~~~**ffi#*#~arm~ffi-$mffl~ffi=$mffl~~k.~ft~M~ffi­
~~1=5MJ£ffi=~~*~ffl~.mJ£:¥&-,t~;Et~•PT~mAA~rMJ£$1"00•*~~ 
$:uiffi#%#~~~*k::f~a,Jtll~*M5£$:uiffi#%#~*L::f~a,~~~MJ£ 
$~aMJ£ffi-$:ui~*~ffi=$:ui~*~fiill,~fflMJ£ffi-~~~*k~rMJ£ffi= 
~~.MJ£¼:uiffi#~#PT'E1ffi~ffl,H~MJ£:¥&-,t~J1!1~:'I.PT~mAAft~MJ£¼m 
am~ffi-$*~*~ffi=**~*~ff~.~fflM~ffi-~~~~~*~ffl~rM~$ 
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CN 111027420 A 3/62 §[ 

ffi~*OO,#JiM~ffi~~~~~M~~m~ffl~rM~$ffi~~OO.M~$mffi~~# 
m§MaM~*m~-OOk~a-~~$~~~,#~M~~&-~~w•mm~m~tt 
~M~$ffiaM~ffi-$*~*ffiffi=$m~*~frill,~ffl~~M~-~~$~M~~ 
m*rm~m=~~~m~m-~~.m~m-$m~#ffiffi=**~•$~¥&-~m 
~m~oo~~~ffi/~~oo•~~m~~$~.m~*mffi3~#~~~arm~*m~ 
ffi-OOm¥rB~~~aM~$ffi~ffi-OOk~~-*~fr.ft~M~$ffiaM~ffi-$ 
i~t"J}[VtPffi=$i1H"J*~ ffill1f1#Ji!r:i£ffi· ·Jte~AT Jifr~ffi=Jte ~ m¥r Ji!r:i£$$W381 ~ 

1&1 ±ri 81 fHtr A rm ffiH¢j " 
[ooo9J ."'J ~-0:ff81~ME1J:&:t§-fy:, tR:1~ 7-f~ fflr~B1r:$$W3811Jr!uJifi~1Jr!PT § 
M:~ffl¥&-~oo•M~--*~~$ffiffim~~~~~OO-:WMM~~~oo•~~ 
M~$ffi~ffi-OOk~ffi-$m~*:WMM~$~OO-m~~M~$ffi~M~ffi-OOffl 
&~M~$ffi~ffi=00k~ffi=$ili~*'~$M~ffi-$ili~*~ffi=$ili~*~~M 
:i£$$W3frill01$:it,:1t li~$ffi ·fte~xt@r J1Jr:i£$ffi01Ji!r:i£ffi ·fN~~Jifr:i£ffi $:itt"J* 
~~~~~,#liffi=~~~@rM~$ffi~M~ffi=OO~M~ffi=$m~*~~~~ 
~;~TM~~~~-*~k$mffi3~#~~#ffrM~$ffi~M~ffi-OOk:~** 
~ffi3~#~arm~~m~m~m-ook,~~~m~~mam~m-~~~*~ffi= 
$ili~*~frill,~fflM~ffi-~~ATM~ffi=~~:~rM~$~OO-*m~$iliffi 
3~#~~~arM~$ffi~M~ffi=OOk:~RM*$mffl3~#~arM~$ffi~M 
~ffi=OOk,~ft~M~$ffiaM~ffi-$m~*ffiffi=$m~*~ffill,~fflM~ffi-
1Ee~1J\rJifr~~=1Ee~ o 
[oo 10J ~ 0:ff 81 ~ ME1J:&: t§-Jy:, tR:1~ 7 - ;f~ m r $$~ 81 ~ JJ1 ffl $f AA~ AA* ~JE. Pfi~* 
~m§M:¥&-~oo•M~••,m~¥&-~oo•M~••~~~~~~*mmm~ 
±i81$~001i:JY:tAsffin: ~R¥&-~~W~lt.Ji!r~¥&-~~W~ltPTt1J:i1i:~:t£.E8 
M~~~ffi □ ffi~M~$~00-:M~M~$~OO-m~$~mfflfrill$mZ~~~Mfr 

ill$m:~R~*M~§Mfrill$m~ffl~~~~frill$m~ffl~~~~M~$~~m" 
[0011] ~0:ff81~ME1J:&:t§-Jy:' Pfi~ffl~8"Jf)c~frill$mm~~Pfi~$~pJ ffifrill$ 
m~$~~~¼m.m~¥&-~~~••m~~~aft~M~¼m~m~M•m~~m 
~.m~~&-~~w••m~ffi~aft~M~$ffi~*~M~~~~w~.m~~&­
~~w••m~m~a~~M~$ffi~m~M~~*~m~.m¥rM~$ffiffim~~~ 
M~$~00~-¥rM~~~~~~ffi~~~fflffi/~¥rMffl~ffi~~~A*m~M~ 
ffl~R"J1Jc~ frill$mo 
[oo 12J ~ ~ -0:ff 81 ~ ME1J:&: t§-Jy:, - 1~ $$~PT§ t!: ::=l:=.1*: ¥ &-~001itf ~--, 
M~¥&-~oo•M~--~~~~~~¼mmm~~~$~00-:~M~U:~R¥& 
-~~w•1t.JiJr~~&-~~w•mm11Jffi~:t£El=!JiJr~JxMt:tnt:t~tJiJr~$~001t:tlz 
~M~$~oo•m~$~mmfrill$mz~~§~~frill$m:~R~*M~§Mfrill$m 
~ffl~~~~frill$m~ffl~~~~M~$~~m. 
[0013] ~0:ff 81~ME1J:&:t§-Jy:' Pfi~ffl~81f)c~ frill$mm~~Pfi~$~ pJ m frill$ 
m~$~~~¼m.m~¥&-~~~••m~~~aft~M~¼m~m~M•m~~m 
~.m~~&-~~w••m~ffi~aft~M~$ffi~*~M~~~~w~.m~~&-
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CN 111027420 A 4/62 §[ 

'i'*W?J&Im~m~a~~MJ£$ffi~mz~~~m~m~.m¥rMJ£$ffimfil~~~ 
MJ£$,tOO.,¥rM~~~&*~ffi~~~ffl~/~¥rMffl~ffi~~~A*m~MJ£ 
ffl ~ s"J ~ iA ff ill$ m u 

[0014J 1=; 5~-0:ff □"J~Aflj;1Jrt:t§-¥t, 1I{~ T -f~ mr~JllJt$~O"J1Jr!.JifiJ£1Jrtm 'fil 
m:~m¥&-,too•m~?J&•*~~*mm~~~~$,tOO•;@MMJ£$'i'OO•m~ 
;t,t m ffl ffill$iliz cp 8"1 ':13 ~Uffill$ili: ~J2SHD*PJT3£'3 ~u•ffill$ili1=JfmJE:8"JJjt-i,,A ff ill$ 
ii.,f if'§ lwJ Ym~t {1Jifii£$$pij~ii. 
[0015J 1=J03f s"J~Aflj;1Jrt:t§-¥t, JifiJ£tm~s"J~iA ffill$m:m~~JifiJ£$'i' mm ff ill$ 
mzcr~-~$moma~~MJ£$ffi~mz$~m~~m~om¥rMJ£$ffimfil~~ 
~MJ£¥~oo•*~~MJ£tm~~~iAffill$m. 
[0016] Ej 03f S"J ~Aflj;1JAifB-¥1' t~{~ T-f~ m T $$jlijS"J ~!J1ff\ $f El)J ~f,JJ[*~JE O Jifl3£* 
~m~W:¥&-,too•M~~•,MJ£¥&-,too•M~~-~~m~~~*ffimfil~ 
±is"J $~1&111 dt!ltfiHi □: ~.&¥& ·'i'*W?J&B'..Jifii£¥& ·'i'*W?J&E'.mtJJm~: t£EB 
M~~fflffi □ ffi~M~$,t00.;¥r~OO~ffl~$ffi&Iffig*mmffi~M~~m;¥ 

r&~«MJ£~~~fflcp~~m~¥&-~~tt*~~MJ£$ffi~W~§~~~;~MJ£ 
~m~~m~~¥MJ£W~§~~m:¥rMJ£$'i'OO•*m~~~~~-~~-,t~$ 
,t~tt;~rMJ£~m~~-~~-,t~%'i'~tt*m~~ffi~~~~~;~&ffiMJ£$ 
m~~m~~¥MJ£~ffi~§~~m. 
[0017] Ej 03f B"J~Aflj;1frt:if§-iJ:' Jifr~ ~ms"J ¥&-,ttt-ri m {QA!tlHE Jifi~t-fuOO ~tEEftij 
~~MJ£~m~tmM~*~* 0 MJ£W~§~Wm~¥rMJ£~m~MJ£fflM~$~*~ 
f~U~ :bD~t1tf;~*p)l~.PJr3£1~U~ 1JD~t1tf;~ m 1r-rt'bo. 2*/;f!J, 2JU3. O*/;f!J,2zl'RJ .~1~t-fu ,Pfi 
j£f~U~ 1JD~t1tf;~ m 1r-ft{J 1. 5*/lY 2iU3. O*/;f!J,2zJElJ .}ifij£{~~~ 1JD~t1tf;~ m¥r EB Jifrj£$ 

,too•~~~mnmm*~~.MJ£~*~~-~~-,t~$,t~ttm'filmWtt%mMJ£ 
$,too•m~~MJ£~m:~~~~-~~.MJ£~ffi~§~~~m~rMJ£~m:~MJ£~ 
~?[\ ~ •~1-i:lP f~U ~ 1JoW11tf;~* ;i;jij~. foJrJ£~ mR"J x,m•1u R"J-t-~ $ t-tt-ri PJ 'filt~±mM?J" tfr 
MJ£$'i'OO·~~~MJ£~m~~~~-~*~~~-.MJ£~m~~-~~-,t~$,t 
%ttm'film±mtt%mMJ£$,tOO•m~~1=JMJ£~m*G~~~~fl~oMJ£~m~~­
~~-,t~$,t~ttm'filmWM%~M~$,t00~~~~1=JEB-'i'~$,tmn~~#~ 
~MJ£~mffl*~mg.mJ£W~§~~~~m¥rMJ£¥&-,tOO~M~?J&•~~~m 
~oMJ£W~§~~m~~¥rm~~±mn~~m~MJ£~mJE:&oMJ£W~§~~m~ 
m¥r~~~±mn~~&rMJ£~mz~~ffl~~~~" 
[001sJ 1=; ~-0:ffs"J ~Aflj;1Jrt:t§-¥Jt, -1~$$W0m 'filt! = ±1*; ¥&-,too {ttf~?J&•, 
MJ£¥&-,too•M~?J&•~~~~~~¼ffimfil~~~$'i'OO•;~M~u;~&¥& 
-,t *W?J&I O ?fr~~y-,t *W?J&I m tlJ Ji.I~: fl EB ?fr~J!lffl:t:t n :t:t~t?Jr~$,t001i; ~ 
r~oo~~~$ffi&Img*mmffi~M~~m:~r&~amJ£~oo~~~~~m~~ 
&-,t~tt%m~MJ£$~~W~§~Wm:~MJ£$~~wm~~¥MJ£W~§~W 
&;¥rMJ£$'i'OO•*~~~m:~~-~~-,t~$,t~tt;¥rMJ£~m:~~-~~ 
-,t~$'i'%tt*m~~ffi~§~~~:~.&~MJ£¼ffi~~~W~¥MJ£~ffi~§~~ 
m. 
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[0019J --½ 03f B10 ~ hm1f :rtt§-r'x, r1rJ£~ms10 .¥ &-1"t~t1: PT 1'1-r%1tHm Jifr:i£tihOO ~tmEm 
~~mJ£~m~ffl~~*~~-MJ£W~§~~mPT¥rMJ£~m~mJ£ffl~~*~~~ 
OO~~~film*m~0 M:i£OO~~~mmPT¥r~M:i£$1"00•m~~mKmm*~~" 
M:i£~m~~~~~-1"~~1"~#PT1'1MWtt*mM:i£~1'00-~~~M:i£~m~~ 
~~*~~.mJ£~ffi~§~~mPT¥rmJ£~~~mJ£~~~*~~~oo~~~mm* 
m~.M:i£~ili~~~~~-1"~~1"~ttPT~WWM*mM:i£*1"00•m~~M:i£~ili 
B1 ~~Jf\ ~ $~11s1~ft$ 0 Jifr:i£~:iis1~;1J~¥Us1 · ·,t ~itt,tt~t!: PT 1'11j5Wrl*19r Jifr:i£$1' 
oo•m~~~mJ£~m*~~~~~flm.mJ£~m~~~~~-1"~$1"~ttPT1'1MW 
M*mM:i£$1"00•m~~~~-1"~$1"mK~~~~~M:i£~mffl*~ffi~ 0 M:i£W 
~§~~~~PT~rM:i£~d>-1'00•ffi~*•~~~~~-M:i£W~§~~~~PT~r 
m~~wn~~m~mJ£~~~~.mJ£W~§~~m~PT¥rm~~wn~~~rmJ£ 
~ilizFo81fflJEli!e1~rf;J. 
~wJ ~~ 03f~~~n:rtffl ·R,mmf ~mr~M*m~n~.mJ£n~PT1'1 
M:~ffl.¥&-1"oo•M~*•*~~*mm~~~~$1"00•;¥r~OO~ffl~*m~ 
•~~*mm~~M~~m:~~&~~mJ£~~~M$~~m~.¥&-,t~tt*~~m 
J£~m~W~§~~m;wmJ£~m~~m~~.¥mJ£W~§~~m;¥rmJ£$1"00• 
*m~~ili~~~~~-1"~$1"~tt:~rmJ£~m~~~~~-1"~$1"~tt*m~ 
~ffi~§~~m:~&WMJ£$m~~m~~.¥MJ£~ffi~§~~m. 
[0021 J ~ 0:ff 81 ~ ~1f :rt t§-iJ:, ti1A 7 -N ffl r .=t. $$pij 81 ~ 1&1 ff-\ m M ~B1L~ tJE. JifrJ£ 
~~aj1'1ffi:.¥d>-1"00•M~*B,M:i£.¥d>-1"00•M~*•-~ffi~~~.=t.4~m 
~~l:~81$1"0011; ~tmtl □: ~R.¥d>-1"~lJ.*B.PJr:i£.¥d>-1"~lJ.*BPT11Jffi~: 
~~M:i£~ffl~ □ ~~M:i£$1"00.:WMM:i£$1"00•$~.¥d>-@OO•*m~M:l£* 

$m~ffi-OOk~ffi-$*~*:WMM:i£$1"00•$~.¥d>-®OO•*~~~M:i£.=t.$ 
m~M:i£ffi-OOffl&~M:i£~$m~ffi=OOk~ffi=$m~*'~~M:i£ffi-$m~*~ 
m=4m~*m~mJ£.=t.4~fiill~4m:rt~MJ£.=t.4~amJ£m-4m~*~ffi=4 
m~*rf;Jfiill;aM:i£$1"00·$~~$$;¥rM:i£$1"00•*~~M:i£M$*~~.¥ 
&-1"~*:~&~~M:l£*¼mmwmJ£M¼~MJ£.¥&-1"~*" 
[0022] ~0:ff 81~~1f:itt§-Jji:, pfrj£ffi-$il'tt{J*5FPffi=$il'tt"J* $ 81 ~d>-1" PT 'E1 
ffl~fila~ffik~~.M:i£ffi-$ili~*~ffi~$i11~*$~.¥d>-1"PT1'1ffl~ffi~~ 
~.mJ£ffi-$m~*~ffi~$m~*$~.¥&-1"aj1'1m~oomm~~~~$~.mJ£ 
M$*~~M:i£.¥d>-1"~*PT1'1ffi~~.*~M:i£.¥d>-1"~~*BPT~~M:i£.=t.$~ 
~fi:ff~rM:i£M$~~~~~~~~~~~~~~oM:i£M$*~~M:i£.¥d>-1"~* 
PT1'1m~~.M:i£M¼*~~M:i£.¥d>-1"~*PT1'1ffi~~.m:i£M¼*~~M:i£.¥d>-
1"~*PT1'1MaM:i£M$~®~M:i£ffi-$*~*~ffl-OOWmffi-ffi3~~,M:i£ffi­
M3~~~~rM:i£M$~®~M:i£ffi=$ili~*~ffl-OO~ffi=ffi3~~"M:i£.¥d>­
,t~~*B~ill-~~ffi~¥rM:i£$1"00•~~¥r~OO~M~~-ffi~*~~M:i£ 
M$~~aK□ ~~~,*~~*~~M:i£M$~aK □ ~~~'~ffi~~WM:i£M$~ 

M:i£~~.M:i£.¥d>-1"~~*·pJ~~~¥rM:i£$1"00·~~¥r~OO~M~~-m 
~*m~mJ£M$~~aKn~~~-m~M:i£M$~~amJ£nnrf;J~m,~*m~m 

8 

IPR2025-00943 
Tesla EX1002 Page 217



CN 111027420 A 6/62 J;_f 

~AA$~a~□~~~*~am~~ □ ~~~m~mwm~AA$~m~~~,#~~*~ 

kM~AA$~aM□~~~@aM~M □ ~~m~ffiffifflWM~AA$~M~~~ 0M~~ 

&-~~w-•m~ffi~:¥fM~$~00•*~~ffi-M$,¥fM~$~00-*~~ 
ffi=M$,#~~*~fM~~~OO-~kM~ffi-M$~~fiill~~*~~~~*~f 
M~ffi=AA$m~~M~,~ft~M~±$ffiffiWM~ffi-AA$0 M~¥&-~~w•• 
m~m~=~~m~@$~~•mg#~~m~~•mg~fflkmoo~M1ttt,~rlm~ 
M~M$ffl~fM~fflkmOO~M~8M~M~~~$~m~AA½~,#~¥fM~AA$~ 
M~~Mffi~*~k~~ft~M~±$ffi~WM~~~$~M~¥&-~M~ 0 M~¥&­
~~w••m~ffi~:~M~~Mffi~ffi~M~M$2~~~AA¥&-~M~~~,~¥ 
a~fM~~~oo•*~ffl~~~~ffl~T,ft~M~±$ffi~WM~M$~~~. 
[0023J ~ 33-03fs"J~Jng7fJt:tB-JJl: ,-lr/t±$$r!§ey 'ffit;i;·: ±1*; ¥&-~00-1i~­
I ,?JT~¥&-~001;11m~~-*&:tiJm~~ttY-±$$j),ljMQr!X±i8"1 ;t~0011; J~tJiHt □; ~,& 
¥& -~~w•w.m~¥& ~~w•wm~ffi~=~~m~~~~ □~~M~$~~ 

•;m~m~$~00•~~¥&-®oo•*~~am~±$ffi~ffi-OOk~ffi-$m~ 
~;fflfflM~~~~-~~¥&-®~-*~kfr~M~±$ffi~M~ffi-OOffl&~M~ 
±~ffi~ffi=OOk~ffi=~~~*'~~M~ffi-~~~*~ffi=~~~*~kM~±~ 
ffifiill~$ili;ft~M~±$ffiam~ffi-$ili~*~ffi=$ili~*~fiill;am~%~ 
~ 11 ~ k 1ft AA$ ; ¥ f J1Jrj£ $ "\" ~ 11* EJl kJ1Jrj£ AA$*~ 81 ¥ & • • ~ M 11= ; ~ ,&JJl: 1f fofej£ 
±$ffiffiWM~AA$~M~¥&-~~~o 
~~J ~0*~~Jng7'fAffl-~,m~m-$m~*~ffi=$m~*~~¥&-~~§ 
m~~aMOOk~~oM~ffi-$m~*~ffi=$m~*~~¥&-~ey§mMOO~M 
~.m~m-$m~*~ffi=$m~*~~¥&-~m§m~oo~~~~~~~~.m~ 
AA$*~~M~¥&-~M~m§ffi~~,#~M~¥&-~~W~Imft~M~±$ffi 
~fi3f~fM~AA$~M~~~~m~~~~~~~.M~AA$*~~M~~&-~M~ 

aj§m~WoM~AA$*~~M~¥&-~M~aj§m~MoM~AA$*~~M~¥&­
~M~m§mam~AA$~®i5:M~ffi-$m~*~W-OO~~ffi-ffi8~~,M~ffi­
ffi8~~~~fM~AA¼~®i5:M~ffi=¼m~*~ffl-OO~ffi=ffi8~~"M~~&­
~~w••m~-W~~~¥fM~$~00~~~¥fmOO~M~~-ffi~*~kM~ 
AA$~~a~ □ ~~~,#~~*~~m~AA*~a~□ ~~~,~ffi~mwm~AA*~ 

M~~~"M~¥&-~~w•m~~ffi~¥fM~$~00~~~¥fmOO~ffl~~Bffi 
g*~~M~AA$~~aM□~~~-~~M~AA$~~am~MD~~m,~*~~M 

~AA$~aM□~~~#~am~MD~~~m~~WM~AA$~M~~~,#~~*~ 

kM~AA¼~a~u~~~fflaM~~u~~m~ffiffifflWM~AA¼~M~~~"M~~ 
&-~~w-•m~~~:¥fM~$~00~*~~ffi-AA$,¥fM~$~00~*~~ 
ffi=AA$,*~~*~fM~$~00-~~M~ffi-AA$~~fiill~~&~~~~&~f 
M~ffi~AA$@~~~~,~~~M~±$~ffiWM~ffi-AA$ 0 M~¥&-~~w•• 
ey~ffi~:~~M~AA$~~-ffig#~~M~~-ffig~ffl~moo~Mlttt,~rlm~ 
M~AA¼ffl~fM~fflkmOO~M~8M~M~AA¼~m~Mffi~,#~¥fM~AA¼~ 
M~~Mffi~*~k~~ft~M~±$ffiffiWM~~~$~M~~&-~M~ 0 M~~&-
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,t~w*•m~:@~:~M~9Mffi~ffi~M~$$8~~9M~&-,t$~~~,n~ 
a¥rM~$,tOO•*~~~~~~ffi~~,ft~M~±$ffiffiWM~$$~~~ 0 

[0025J .'=J ~-0:ffs"J~nw:JJ:&:t§-fy:, tR:1~ 7-f~ fflr.@Bfr:±$$jlijS"JJJr!uJ=ifi~7Jr!PT 
§M:~ffl¥&-,too•M~*•*~~±$ffimm~~~~,too•:WfflM~~,too• 
~~~&-®OO•*~kaM~±$ffi~ffi-OOL~ffi-$m~*;fflfflM~$,tOO•~ 
~~&-®OO•*~~a!5M~±$ffi~M~ffi-OOffi&~M~±$ffi~ffi=OOL~ffi 
=*m~*'~~m~m $m~*~ffi=$m~*~~M~±$ffifiill~$m:ft~M 
~±$ffiaM~ffi-$m~*~ffi=$m~*~fiill:aM~$,too•~ktt$$:¥r 
M~$,tOO•*~kM~$$*~~~&-,t~~:~Rft~M~±$ffi~WM~$$~ 
pfi~ ¥ &- ,t~bfic 0 

[0026J !50:ff s"J ~JM7JAtB-¥x, t~1~ 7 -f~ ffl r ffl? $$jlijs"J ~#1ff!m El)J.@Bfr:lUJE ◊fofl 

~~~m~W:~&-,too•M~~•,m~~&-,too•M~~-~~mnx;~~ffl?$ 
$jlij~{1fil~±is"J$1'~1tJtvJMtt □: ~R~& 1'~:E!*ILJ5fij£~& ·1'~:E!*RPTttJ:@ 
15>t:~~M~~ffl~ □ ~~M~$,tOO.:WfflM~$,tOO.~kaM~ffl?$ffi~ffi-

00L~ffi-$m~*:WfflM~~,t~-~kfr!5M~ffl?$ffi~M~ffi-OOffi&~M~ 
ffl?~ffi~ffi=OOL~ffi=~~~*·~~m~m-~~~*~ffi=~~~*~kM~ffl 
?$ffifiill~$ili:~rM~%,tOO•*~~B~$ffi:~*~~M~B~$ffifiill~$ 
m~~rm~m?$ffifiill~$m~~m~m?$ffi~~m~M~§~$ffi:¥rM~$ 
,tOO•*~~M~§~$ffi~ttB:~R~*~kM~§~$ffi~illAM~ffl?$ffifiill 
~$m,~rt~M~ffl?$~a~~m~m~~$~KM~m~. 
[0027] !50:ff S"J~JMJJ:&:t§-Jy:' fY:1iPfi~m ?$$~~ KPfi~ffl~s"JW#IPT 1~JJ15ft1tnw: 
~M~ffl?$ffi~~~~ftoft~M~ffl?$ffi~KM~~~~W-PT§M~4m~W 
~oft~M~ffl?$ffi~KM~fl~~W~PT§Mft~M~ffl?$ffi~K~~o~~M~ 
§~$ffi~fu-~W~m§M~-M~§~$ffi~~~.M~ffi-$m~*~ffi=$m~ 
*~ R"J~&-~ PJ§f~11fticaM4HfilLR"J~,M%TIITR"JM%m.lP/~M%TIITmm'.R"JiiJlkR"1 ~ }2. 

[002sJ !5 ;S-0:ffs"J~nw:JJ:&:t§-J~, -,f~ffi ?$$~PT§t15: ~&-,t001t:tt~*B,Pfi 
~~&-,too•M~*•~~~nx;~~ffl?¼ffimm~~~%,too•:~ffl~u:~R~ 
&-,t~W*ILJ5fi;£~&-,t~W*Bmt1Jm/5>t: t:i:83PfiJ£J31:fflt:t n t:t~'.'.tpfi;£$,t001l: 
fflfflM~$,tOO~~~aM~ffl?$ffi~ffi-OOL~ffi-$m~*:fflfflM~$,tOO~~ 
~a~M~fflr$~~M~ffi-OOffi~~M~fflr$~~ffi~OOL~ffi~$m~*'~~ 
M~ffi-$m~*~ffi=$m~*~kM~ffi?$~fiill~$m:¥rM~$,tOO•*~ 
~§~$~;~*~kM~§~$~fiill~$m~~rM~ffi?$~fiill~$m~~M~ 
ffl?¼ffi~~ffl~M~§~¼ffi:¥rM~$,tOO•*~~M~§~¼ffi~ttB:~R~ 
*~~MJ£§~$ffi~~AMJ£ffl?$ffifi~~$*.~ft~M~ffl?$ffia~/5>tMJ£ffi 
il:illz$ Y-1 KPfi~~il:ill o 

[0029J !50::if s"J~nw:JJ:&:t§-#t, #tftJ=iJr~m? $tpy;J~ KPJT~m~ pJ§fj§"J& 1tnw::1JoJ5Jr~ 
ffi?$~~~~~ffoft~M~ffi?$~~KM~ffl~PT§M~~m~W~oft~M~ffi 
?¼ffi~KM~ffl~PT§Mft~M~ffl?¼ffi~K~~.~~M~§~¼ffi~ttBPT§M 
~WMJ£§~$ffi~~~ 0 MJ£ffi-$*~*~ffi=$*~*~~~&-,tPT§M~~a 

IPR2025-00943 
Tesla EX1002 Page 219



CN 111027420 A 8/62 §[ 

N,& 00 _t B':J ~ , NZ. 00 B':J ~ m. ;f P /~NZ. 00 ~ & B':J lim 5:£ B':J cp ,8 o 

[0030J J::] jj - 03f s"J ~ !ru17J:ii:i'§ - ¥!1:, t~1~ T - f~ Jtff ~~Jt ffl f1 $1W3B"J 7Jrt o Jifr:i£7Jrt 
mBm:~ffl¥&-,too•M~*•*~~fflP$mmm~~~$,tOO•;m&mJ£$'1' 
oom~5EftM:i£ffl?$ffi~ffi-OO~~ffi-$m~*;fflfflM:i£~~00-~5E~ftM:i£ffl 
?$ffi~M:i£ffi-OOfflR~M:i£ffl?$ffi~ffi=OO_t~ffi=$m~*·~cpM:i£ffi-$m 
~*ffiffi=$m~*~5:EM:i£ffl?$ffifiill~$m;~fM:i£*'1'00•*~~B~$ffi; 
M*m5:EM:i£§~$ffifiill~$m~~fM:i£ffl?$ffifiill~$m~~M:i£ffl?$ffi~ 
~ffi~M:i£§~$ffi;~fM:i£$,tOO•*~~M:i£§~$ffi~&I;~&~*~5EM:i£ 
§~$ffi~illAM:i£fflP$ffifi*~**·~~~MJ£fflP$ma~~m:J£m~z$crK 
Jifrj£ jfil~ 0 

[ 0031] !g 03f s{] ~ Jru17J A tB-JJl: ' Jjl: ff JiR:i£ ffl? $ $Wj cp lLJiR j£ffi~ s{] ~ !JI m {gJ;u:t ff Jru1 
~M:i£ffl?$fficp~~~~.ft~M:i£ffl?$fficpKM:i£ffl~~w~m~Wft~M:i£ffl? 
$ $Wj ff K:iJn Jl!◊ ?fr 3£ ffi • $ :i1lH1 * ;f P ffi =$:ii f'.1 * cp S"J ¥ & • ,t m B t! ;J;jjiiJ a Ni oo _t S"J 
~ 'N4Fuus{] N!m.;f P/EJxN{f[[j~J3tS{] lii5ES{] cp ,8 0 

[0032J !503fs"J~lru17J:rt:i'§-¥Jl:, t~f~ T-f~ fflf ffl ?$ffis<J~~tfiHrnM~~Jt-*~JE0 fofr 
J£~~m~m:¥&-,too•m~*•·M:i£¥&-,too•m~*••~m~~~mP~ 
$W3~Nm~±!!x8{] %'1'0011: l11:M1t □; ~21-&¥&-'1'5ztW~ Wo J:itr:i£¥&-,t~W~ !r.miiJm 
~:~rnM:i£~~ffi □ ffi~M:i£$,t~-;ffl~M:i£$,t~-~5EftM:i£mP$ffi~ffi 

oo_t~ffi-$*~*;fflffiM~$,t00.~5Eft!5M~ffl?$ffi~M~ffi-OOffl&~m~ 
ffl?$~~m=oo_t~ffi=$*~*·~crMJ£ffi-$m~*ffiffi=$m~*~5EMJ£m 
?$~fiill~$m;~fM:i£$'1'00•*~5E~~~~A$~MM:i£ffi?$~~-OOffi 
m;~&ft~M:i£ffl?$~~*~~~&#~~MJ£ffi-$m~*~ffi=**~*~fi 
ill,~fflaM:i£ffl?$ffi~M:i£@A$ffi~ffim~~-OO~ffi-~~*Tffi=~~0 

[oo33J !503f s{]~Jru17J:r:~t§-¥i, rfr:i£~&-,t5ztw*• nJ ill--w+iJm~~o*M Jifr:i£ g; 
~oo•~~~ffi~M:i£@A$~B~tt¥&-,tm•~m~~~M:i£ffl?$~*~-­
i}J ff O Pfr:i£~j~i}J 1tm '§ t!~m '~i}J N%~lP/E!½ tu i}J O Pfr:i£¥ y-,t11i• I~ 1i m '§ t!ftPJr 
:i£ffl?¼ffi!5M:i£@A¼ffizOO~*~~~ffl5E~~oM:i£¥&-,t~-~ffim'§m~~ 
m•~~OOoMj£~y-,t5ztW*Im~~~a~~M~H~~~zffi~~Mj£fflp$ffi 
ili@I fu Jifr:i£ffl P $ffiJHn1fJtl:B':1 $:illB':1 er~ o JiJr:i£¥ &-,too ftM~*• m ~ff¥& 140 
&~~~oM:i£¥&-,t5ztW*B~~m~a~mf@A$~illfi~~zffirt~M:i£fflf1 
$~*~ffl~~&oM:i£¥&-,t5z!:W*Im~m~~~M:i£ffi?$~ili~~M:i£ffi-$ 
*~*~ffi=**~*~~**~~.~ffla~@f~A$~®~~K~zffi,M:i£ffi? 
¼ffi!5M:i£ffi-¼*~*zOO~M:i£ffi-~~~*_t~fM:i£ffl?¼ffi!5M:i£ffi=¼m 
~{] *z r'sJ s"J foJrj£ffi =m~~ ~ 0 

[oo34J !5 jj-0::lfs{J~Jru17J:r:~t§-r5C, -f~ m P$tW3m'§1!: ¥&-'1'001t-Jt~*•' Jifr 
J£¥&-,too•M~*••~m~~~fflP$~mm~~~$,tOO•:~fflffi □ :~&~ 

&-'1'5ztlJ.*IoPfr:i£¥&-,t5ztlJ.*Im~m~: ii:rnPJr:i£J31:fflti D tiYXPJr:i£$'1'001t; 
fflfflM:i£$,t00.~5EftM:i£ffl?¼ffi~ffi-OO_t~ffi-¼m~*;fflfflM:i£$'1'00•~ 
5Eft!5Mj£fflp$ffi~Mj£ffi-OOffl&~Mj£fflp$ffi~ffi=OOk~ffi=$*~*'~cp 
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MJ£ffi-$m~*~ffi~$m~*~~M5£ffl?$ffiffill~$m;¥TM5£~,t00~*~ 
k~~~~A$mMMJ£mr*m~-OO~ili:~&~~MJ£mr*m~~~$~m*~ 
aMJ£ffi-$*~*~ffi=$m~*~ffill.~fflaMJ£fflP$ffi~MJ£~A$ffi~~ili 
os ti~ -flJ!U o"J ffi- JU:i ~ 1': r ffi =fl!r ~ o 
[0035] 55 03f s{]~Jlm7JAifB-JJl:' pflj£:¥y,-,tjd:;E!~-pJ m-~tlJ@JJ¾~Q*pfl5£Xt $ 

,too•~~~ffi~MJ£@A$ffiB~M:¥&-,t~-~ffi~ft~M5£ffl?$ffi*~Hm 
z;fJ ft o pJr5£~jilEz;JJ 11=PT 'El t!~it, ~z;JJ fl!4t~Jf P/~ tU z;fJ o pfr5£if: & · ·,t II~ I~ {a PT 'El t! frPfr 
j£ffl? $$)lij 55 pfrj£ ff A$$jlij:tJ8J t1!J~ S"J li~u}fflkfl!e ~ 0 pJrJ£:¥&-,t1rilE• 1~ {![ pJ 'Elt15i~~ 
~-~~~ 0 MJ£:¥y-,tjct::E!~IPT~@JJ¾fr~JJ¾MJ£fiilEz;JJ~zfilft~MJ£fflP$ffi 
iB@I jljpJrj£ ffl ?$ffifH9Jff:itt □"J $m □"J q:t JR: o?!r5£ ¥.d>-t'OO fltfl1$t~B pJ J!::ff ¥.d>l 40 

m~~~omJ£:¥&-,tjct::E!~IPT~@JJ¾fr~@r~A$ffiillfi~~zfil~~mJ£fflP 
$ffi~~fflW~~.MJ£:¥&-,tjct::E!~BPT~~JJ¾ft~M5£ffl?$ffiJB~~MJ£ffi-$ 
*~*~ffi=**~*~~**~~.~ffla~@r~A$ffiffi~z;JJ~~Zfil,MJ£mP 
$ffi55M~ffi-$*~*z.OO~M~ffi-~~¥*k~rM~ffl?$ffi55M~ffi=$m 
t~ 5kz i'BJ s"J pfr5£ffi =fl!e ~ o 

[0036] 55 ~-03fs"J~JJm:1ft(:tB-JJl:' t~i~ T-f~ fflr.@BJtffl? ip$jlijS{]1f1!◊PflJ£1f1t 
PT~W:~ffl:¥&-,tOO.M$t~W*$t~fflP$ffimili~~~$,tOO.;WfflMJ£$,t 
l!l fjJiJl k frpfrj£ m? $$)lij S"J ffi flJ!lj k S"J ffi • $i1Hf.J * : m~ pfrj£ $ ,t l!l fjJiJl k a 55 pJrj£ m 
?$ffi~M~ffi-OOffl&~M~ffl?$ffi~ffi=OOk~ffi=$m~*'~q:iM~ffi-$m 
~*~ffi=$*~*~kM5£ffl?$~ff:itl:~$m:¥rMJ£$,t00·%~k~~~~A 
$~MMJ£ffiP$~~-OO~ili:~Rft~M5£ffi?$~~~~$~&*~aMJ£ffi-$ 
*~*~ffi=**~*~ffill,~ffl~MJ£ffl?$m~MJ£~A$m~~ili~ffl-OO~ffi 
-Ne~1':Tffi=Ne~o 
[0031J 550:ff s"J ~JJm:1f :r:~t§-it, 1~1~ 7 -f~ ffl r :::l.$$jlijS"J 1q;J&i±r.\~ M.@B1r:~t5E o pfr5£ 
~~aj'Elm::¥&-,tOO.M$t~Ji,MJ£:¥&-,tOO.M$t~B-~@~$t~:±.$~m 
ili~l:~ss $,tOO 11: ZJ&tJtti □: ~R:¥&-,tju:lllE~I◊P!r5£:¥y-,tjct:lJ.~IPTtlJ@JJ¾: 

t£EE pJrJ£i11:fflt#U :J:#~11:PJr5£$,tOOft; ifUJIJJiJr;£$,tOO ft~ ss § tix1~; @,_ EEJifr;£$,tOO 
-~~Mj£§~xt~~~z;JJ~RMj£:::J:.$ffi55Mj£§~xt~zoo~~~;~T~~~~z;JJ 
~RMJ£:::J:.$ffi~M5£§~xt~zoo~~~*~kM5£:±.$ffi~M5£§~xt~zoo~r 
-~~~ffi~M:~R¥rMJ£~-~~~$'l'fflk~ti~ffi~~~*~~MJ£:::J:.$~~ 
~lrlJ@o 
[oo3sJ 550:ffs{]~JJm:1ft(:t§-JJl:, Pfr5£ § tixt~ PT~~a55 Pfr5£:::J:.$$Wj~rBJ s"J$mq=iff 
ill~§~¼ffioMJ£~ti~OOPT¥rrnMJ£$,tOO•~k~-m~~~~~m~ffi~M" 
M~~-~OOPT~rrnMj£$,tOO-~k~Mj£•m~xt~~~~m~ffi~M 0 Mj£~& 
-,tjct::E!~IPTill-W~@JJ¾~kM5£§~xt~~~a55MJ£:::l.$ffiffi~~$m~ffill, 
*~~*~kM5£§~xt~~fr55MJ£:::J:.$~~rBJ~$mq=iffJtl:~~~MJ£:::J:.$~~M 
5£~@o~~MJ£§~xt~~~a55MJ£:::J:.$~fflrBJ~$mq=iffillPT¥rMJ£$,tOO•" 
~kM5£§~~~~~fr55M5£*¼ffifflrBJ~¼mq=iffillPT¥rM5£*¼ffi~fflk~OO 
ZJ&ffl~ffiM$q:i~~&-~.~*~-~OO~M~ffi~•m~M~§~xt~affixtrMj£ 

12 

IPR2025-00943 
Tesla EX1002 Page 221



CN 111027420 A 10/62 §[ 

$ffi~ffi-rS~M~*~'~M~~mm¥f~M~§~M&*~~V~~Mmm"~ 
*t-~OO~M~ffi~ffffi~M~§~,5(,t-frfflxtfM~$ffi~M~ffi-ta~m~ffi 
=t~~m~~,~M~~@m¥fM~§~M-~~~~M 0 ~*t~~~~M~ffi~ 
ft :f'i=t m rJr~ § t1F xt• fr?Jr~ ffi = t • ,~ 11u,f;J , 1;v1 J5Jr~ ~~ @m § :t§ ~ E JMi r iMt "J5Jr~ ~ E 
J&ii1Z}J1tm {gJ;1;·3f]E:5fP/~~E tiJZ}J" 
[ 0039 J 1=j §j - 0 3f 8':J ~ nffi :h :it tB - i)( , - ;frfi ± $ $r!§ m t11Jt : ::t.1t ; .¥ &--1' I!! it :trfHjt ~ 

n, pfr:i£if:& ·'i'-1!111:tm$t~n1&:t1Jmt&$tltZ::t.$$]hlJ~f1:i5:tx±iB':J $,t 1!111; Jyjfis:f:l □ ; Lllz 
.¥&--1'0U:W~IoM~.¥&--1'0U:W~Im~m:f&:~rnM~~~~o~~M~$-1'1!1 
{t;m~M~$-1'1!11tif;J~§~M-;~rnM~$-1'1!11t~~M~§~M-~~MLlRM 
~::t.$ffi~M~§~xt-~OO~~~;~f~m~~~LlRM~::t.$ffi~M~§~xt-~ 
oo~~~*~~m~::t.$ffi1=jffi~§~xt-~OO~t-~OO~ffi~~ft;Ll&~fM~t­
~001=j$-'}ffl~t-~ffi~~tt*~~M~±$ffi~~mo 
[0040J 1=j 03f B':J~nffi1T:itt§ ·¥!¥:, J5Jr:i£ § t:iFxt• m Ll ~fr1=j J5Jr:i£:±$$]hlJ:.;f lwl B':J $:ii c:r fr 
ill~§~$ffioM~t-~OOm¥f~M~$-1'1!11t~~~~m~xt•~~~~ffim~o 
M~t•~~m~frnM~~~~-~~~M~-~~xt•~~~~~ffimff 0 M~.¥& 
--1'0U:W~Imill-~~mt&~~M~§~xt-~Nfr£jffi~±~ffi~~~~mc:rfiill, 
#~~*~~M~B~M-~ft1=jM~::t.$ffi:.;f~~$ilic:rfrill~~~M~::t.$ffi~M 
~~@"~~M~§~xt-~Nfr1=jM~::t.$ffiffllwl~$mc:rfrillm¥fM~$,t~it" 
~~M~§~xt-~Nft1=jM~:±$ffiffl~~$mc:rfrillm¥fM~±$ffi~ffl~~l!I 
~ffl~ffiAA$c:r~.¥&-~0 ~*tS~~~M~ffi~ftffi~M~§~xt~frfflxtfM~ 
$~~ffi-£a~m~*~'~m~~@m¥f1=jm~§~xt•*~~V~~Mmm 0 ~ 

*~-~OO~M~ffimftffimM~§~xt-~fflxtfM~$ffi~M~ffi-~a~ffi1=jffi 
=ta~m~OO,~M~~@m¥TM~§~xt~~~~~M 0 ~*ta~OO~M~ffi~ 
ffmmM~§~M-ftM~ffi=~•~m~,~M~~@m§m~:gJ&iilM~oM~~:g 
JM¥i1iJJfi:PJ§:tt3fm5fo/~~E tUiJJ 0 

[0041J £j ~-0:ffs':! ~nffi1J:itt§-¥!¥: ,-1r11 mf~mn:::t.$$Wjs':J1Jrtm§:t!: ~rn .¥&­
-1' 1!111 jffl $t ~ Ii $t ttl i=: ¼-ffi M :i5: rx: ±i s':J $-1' 1!111 ; iR 5;1j pfr ~ $-1' I!! 11 if;! B':J § flF xt • ; ¥ f 
M~$-1'1!1~*~mM~§~xt•~~MLlRM~::t.$ffi1=jM~§~xt-~OO~~~;~ 
f~~~~MLlRM~::t.$ffi~M~§~xt&~OO~~~*~~M~::t.$ffi~M~§~ 
M~~~~t-~~~ffi~ft;LlR¥fM~t-~~~$-1'ffl~t-~ffi~~tt*~~ 
Pfr~:±$$WjR':J ~~@o 
[0042] £j 0:ff s':J ~ nffi1J:it t§-¥!¥:' :ti1~ 7 - ;frp m f $$Wj s':J ~ #1 _tjHf AA~ AA* ~JE O Pfr~* 
~m§m:.¥&--1'1!1.M$t~Jl,M~.¥&--1'1!1.M$t~·-~~J&$t~¼ffiM:i5:f>Z 
±is':!$-1'1!1 {f ;J.11:tAHt n; LlR~&--1'0U:W~li◊Pfr~~&--1'0U:W~limt1Jmt&: flrn 
M~~~~D~~M~$-'}i!]{t;~fM~$-'}l!]·~~m*m~fflfWKM~$ffi~~ 
'ii ft; LlR¥fi,R571j B':J p}T~fo!l!'Jift, tlH@tU i}Jm mlL:tcJ~!l: 11?JT~$$!#31f K, tm¥f M ?Jr~$ t-
1!111 s':! JJ" tJr E~ ~ ~ , PJr~ tu Mm m § :t! £j m-~~ * *ij* s':! m- ix §t, ~ ~ ,J \ f PJr~m­
~~• ~ m=~~• ~ m= rx: §t Ll Rfr~:irr § ~WK~A ~ ~ ~M*v ~ ~ ~ ffi - rx: §to 
[0043] £j 0:ff B':J ~ nffi1J:it t§-jJ:' iU~fo)T~ § ;j:j,ff Krfu ,~ m f'j': riffi :lf $U i}J [tjJ B':J :f~JJJ: 0 p)T 
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~ti~ffm'filMM~.M~xt~m'filMM~$ffi$~~~-$ffi.M~~~ffm'filM~~ 
'.kT {1§-'% 'if 1bti;:tto/~l)~jJJjj,'t .Jifr~if:d>-~!xl:E!~R m jtJ:-t'7t1JmP>Zt1{#i9.111JJifr~foEI! 
~ff~m~~~"M~~d>-~!xl:E!~Wm~mP>Z~~ffi~M~$ffi~~~~m~~~" 
[oo44J 1=J 5~-03fO"J~nffi~At§-¥!z. ,-f~$ffim'filt!: :±1t: ~d>-~001ltfl1$t~W, 
m~~d>-~OO-M$t~•-t1JmP>Z$t~$ffiffllli~~~$~OO-:~ffl*D;Ll&~d> 
-~!xl:E!~W .Jifr~~&-~!xl:E!~WmtiJmP>Z: ff EEJifr~liffltt D :J:ty~Jifr~$~OO{;t; ¥ 
rxtM~$~oo•~*~*mmmr~KM~$ffi~M~~:Ll~¥rmm~M~M~ 
~, itHm*u iJJmm *it ftJiJr~ $ffiif K, ~0¥ r Jifr~ $~ oo • s"J 7J\. tfr 11~k s"J , Jifr~ *U ~m m 
'filt! ~ffi-~ji$*lfis"Jffi- ~a: ,Jlif /J\r'1fr~ffi-~ji$s"Jffi=~ji$sf.Jffi=~a:Ll 
&a*m§~WK~~~~~~*~~*~ffi-~a:. 
[ oo45J 1=; 0 * s"J ~ nffi ~ A tB -¥t , fLl ±6:JiJT ~ § t~ f~ JLJt ,~ m ft~ tf *U /;JJ 1± fl sf.J ~ n!z. . JiJT 
~ mEI!~ ff m t11 :J:t xt~. Jifr~xt~ m t11 :J:t Jifr~ $$im ~th 8"1 ~ - $ffi. JiJr~foEI!~ ff m t11 :J:t3E~ 
'.kT {§~·,if Kt'if~lO/~~lHftjj,* .Jifr:i£~d> ·1'&1:E!~n mill ·t'7t1JmP>Ztt{#i9.111JJifr:i£foEI! 
~~~m~~~.Mii~&-~!xl:E!~Wmt1JmP>Z~~m~Mii$ffi~~~~m~~~. 
[oo46J 1=J !H-03fB"J~nffi~Aif§-¥!z.,t~1# T-f~ fflr~fflJt$ffiB"J~rtoJifr~~rtm'fil 
m:~EE~d>-~OO-M$t~-$t~~ffiffllli~~~$~00-;¥rMM~$~00-~* 
m*m~mr~KM~$ffi~M~ff;Ll&~rm~~M~ti~ff,@ffl~~mm*ft~ 
M~$ffi~K,~¥rM~$1'~-~*m~k~,M~~~fi{)frg,fil~Ejffi ~~**~ 

s"Jffi-~a:,Jlif/J\rJifriiffi-~~*s"Jffi=~~*~ffi=~a:Ll&a:J:tm§riffKtt,8 
Bt{f$Ll~* T~lf1~R"Jffi-~f\L 
[oo47J 1=;;ttt: 0:ffs"J ~nffi~A:t§-JJl:, 1r1faistt!:itJHll m tf s"11¥1itn ~m1¥1itl£ft:1~ 
~,¼Wft:ffi~rn~d>-~!xln~W~fiH~~fi*~~m~~ffW~~" 
[ 0048] $ 00 Bf.J l;t f*m ~ f O Ll r W:fffim ~ 1.Sb~~ ff Hi f O 1£ 8jj ·ri Bf.J * :;f ~~ $1J t::V¥Ll ~ * 45 0 

13f1~tRa~ 
[oo49J * A*03fHtigP>Z*03f-$?t~~f~ 0000~7 ~1~03fB"J~nffi~Aoft00 ~: 
[ 0050 J 00 1~1=J03f s"J ~ ME~ A :t§-iil s"J ~ ff1J 'fi ~ t3t s"J ti~*~. 
[0051J 00 2A~'filt!EJ03fBI.J~nffi~A:t§-J!z.B"J ]UJEBI.J ~ffH1$$imBI.J tllll~H~Ul½1.00*~ 0 

[0052J 002s~--½03fEt'>J~hie:~A:t§-rxEt'>J oo 2AJiJr~$$im?fo*tJEEt'>Jt1mirvH.mOO*~. 
[0053J 00 2c~'fil t! --'=J 0:ff B"J ~ lJlH~:ct'::t§-ji!z: B"J * t5E B"J $~J#3 B"J !H- ~ nffi~:rt: B"J t!U~ J]).[llJil. 

00*~0 
[0054] 00 20 ~ '§ t! -'=5 03f B"J ~ lJlH~A :t§-jj( s"J * t;E s"J $$~ s"J X. - ~ nffi~ A B"J ti~ TV~ lm 

00*~· 
[0055] 00 2E~'filt! 55 03f B"J ~lJlH~:r\:::t§-J!z.Bf.J ]UJEBI.J $tiJ13Bf.J X. -~]ruj;~:r(:B"Jtl~ rvam 

00*~· 
[oo56J 00 2r ~-'=50::rfBI.J~nffi~A:t§-ji!z:~ ~fflJ•ri$tpy;Jt~1fflJ*t5Es"J f,ljll;~*~. 
[0057] 003A~-'=503f B"J~nffi~Af§-Jj(s"J$t~S"J pg $S"Jtl~*~' 'filt! m T $$~P>Z11* 
t}ts"J JB:tlffilW m .Pt# LJ 0 

[0058J 00 3B~1=J 03f B"J ~lJlH~:if:t§-J!z.Bf.J ;J;JgmP>Zk 1ft1=EFollffiFoTia * _§Jf£tf $tim1afxl. 
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fJ,z ~ B':1 t§ tJL 'iz ~ {ct: B':1 ?F 1JU B':J 00 ?F o 

[0059J oo 3c:tE::J::J 03fsq~Jru!7'f:itt§-¥!z:sq oo 3BJ=iJr~sq-tJtJ!j-1~ lrciJ sq ffltJL~~1tt:sq oo~ 0 

[oo6oJ oo 30 tE: .~ 0 *sq~ Jru!JJ At§ - ix sq 11Jm~ 5E 11 ftFo ii 'u! Fo TIIT * 1l t~~ $tr131a ~ 
fJ,z J~ oq t§ tJL jc ~ {ct: 01 ?F W1J 01 00 ?F o 

[0061 J oo 4~ 53 03f s{] ~ M!?:7'f :rt tB - ix sq 11Jm~Z¥1it ffl rtA 1T -~ w<: $ ~uft s1 t§i 4-s1 
7¥ fr~~ 81 ?F 1JU tt ti! 00 o 

[0062J oo sA:tE::~ t±:153 03f sq ~M!?:JT:rtt§ -¥xsq fflr¥r •§~ 001t-n"-1Jr*r ,it "\' ~$ 

~ -@fflf[ u[/ij @s1 ~1Ju ·r1ttt¥s1rJrEl'f OO 0 

[oo63J oo sBtE:~ t±:\ .~ 03f sq~ M!?:7'f At§ -¥xs1 ffl r,r&1mu -tii oo 11 q:i s1 -~ ~ $ 'i' $tr13 
tP/~ff Ao1?Fw,J·rttttt¥Q{Jttt¥00 o 

[0064] 00 5C~/j~ t±:153 03f 81 ~ Jru!7JA ifB - jj( 81 ffl r,r& $mu-£ii 0011 q:t 81 H4H~ lP/w<: $ mJL 
{Pf{§.~, 81 ?F 1JU t!:rlfi 81 iJrtfi 00 o 

[0065] ll 50tE!::~ t±:l 53 03f sq ~00!:JT:rtt§ ·¥)(81 ffl r,r&1mu ·£ii ll 11 q:t Sq :St.:i!!HJSq ?FiJU tt 
rlfiB"J½TEfiOO o 

[0066] F?l 5EJE::~ t±:153 03f 81 ~ 00!:Jf Aif§ -¥j( 81 ffl r~r $ffilr*1.£*r-'t - -i' ~ ~ 1'-@ 
ffln u[/iJ@S1 /J~ Wu t!:rlfi 81 ilrEfi 00 o 

[ 006 7] 00 5 F ~ ~ t±:153 0 * 81 ~ Jru! h A ifB - ii 81 ffl T lim 5E ~u· $ ~ ~ ~ ili 817T, 1JU ·1·1 rlfi 81 
½TEt-'f ll o 

[oo68J oo 6:tE::?T, t±:153 03f s{] ~ M!?:7'f A*§ -¥xs"J ffl r¥r iL 1* oo 1t-n"-1Jr*r-'±--~ ~$ ~ 
-@ffln u[/ij @R"J ~ 1Ju ·r1 rlf_% R"J 1frEf_% I!! 0 

[oo69J oo 7 :tE::?F t±:153 03f s{] ~ M!?:7'f At§ -¥xs"J m r¥r - tii oo 1t-n"-1Jr*r-'t -~ ~$ ~ 
-@Mu[/iJ@s1~1f1J·r1ttt'11s1rrrtJ'1100 o 

[0010J l!l 8A:tE:: 53 0 3f B"J ~ JmLJf :rt t§ - ix s"J ftffi - $:iter tf.J * f P ffi =$ :iter tf.J * l7'J fr ill B"J ?F 
~tt$ffis{]M~*?F,~~**M3*#W:ftrffi-$ffiOO◊ 
[0071] I!] 8n :tE:: 53 i~ ff R"J ~ Jru!]J A ;,j,§-jj( R"J ft~- $m tf.J *lP ~=ti:* tf.J * p;j fr ill R"J ~ 
~tt$~8{]-~*:,T,,~q:t$mffi3*#7¥ftrm=$~00° 
[0072] I!! 8C:tE:: 53 0 * 81 ~ Jru!]J A ;,j,§-j)( 81 ft~ ft~ _t 81 ffi - ¼:it tf.J * lW ffi = ¼ * tf.J * p;j 

fr Jtt sq 7T, 1JH1 * trl3 sq tilt~ *?F 0 

[ 0073] 00 80 :tE:: -'=J 0 * B':J ~ hill 7J A ;,j,§ - rx B':J ftffi- $ iii if.J * lP ffi-----. $ i!:Hf.J * p;j fr ill B':J 7T, 
~tt$~s{]ffl~*~'~q:i$mM3~#1¥ftrffi-$~00~ffi~$~00~~_t 0 

[ 0014 J 00 9 :tE:: 53 i~ 3f R"J ~ Jru!Jf :rt t§-fj( R1 ?F 1JU t!:-@fflf[* tx R1 ?f {it ~R1 i1!1~ *?F" 
[ 0075] 00 10 :tE:: 53 03f 81 ~ Jru!7JA ;,j,§-jj(s{] m T -@AA$ $W,j B"J 7T, 1YU ·ri7'f r! 81 rfrE;f£ 00 0 

[0076] l!l 1l:tE::5303f B1 ~Jru!7JAt§-JiB1 ft/11.JtiA¼m l7'J ffill'ELtJ.S-@fflJ[ ~t]t B1?F1fiJ'ri¼ 
$pijs1t!!t~*~ o 

[ oonJ 00 12A:tE:: 53 0 3f B"J ~ Jru!Jf :r:~ ffl-fj( 81 ?F WHi T fflf[* tx 81 .ff {it ~81 tilt BJ! *?F" 
[ 0018 J I!] 12n :tE:: 53 0 ff B"J ~ Jru!Jf A ffl -j!z: S"J ffl r-@ ~J[ $ ti#3 s"J ~ 1fu ·ri:i1f_% s{] ½TE f_% I!! " 
[0019] oo 13AifPOO 13B:tE::53 03fs1 ~Jru!JJAt§-JJ(s11t:llf:tu~ -@BJ[J:l::rr-~~$~tt·r1 
81~m817T, {yl) 'fi ¼tW,i 81 tl!t~ *:,T, o 

[oo8oJ l!l 14:tE::53 03f sq ~M!?:7'f:rtt§-¥J(s"J11Jm~W:1it fflrtJt,fr-~~$~u1tsq 1§i4-
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!lb,{§.ig0011tm$t~Ji12 2JJXJi fr m-=f B"J fr~ #1 In. B"J E~ ~1D1u _t PT :itt ~ iv ffi AA $t1i~~ ~ #1 
In.titmfU/~ti~s"J001lo 
[011sJ itxt0011$til'£1¥5c120B1001%zti$t~Ji, :i±PT 1f ffl~t::l:ih,8 o WU:tzo, 001lti$t~Ji 
124 PT 1:frr $$plj2001'r'-11*~*Iz_t~z cl=1 o~ttl'r''l :l:ih,8 PT:1t~~il-J:llf ~ +_mtml'r''l 001iM$t~ 
IL 1:fr r1*~*I_t 61 0011szM$t~~ 81 :ti~ P J ~/\'!BJ r ~ #1 In. 81 ti~ , lzsl Jl:t , 15R ~ *I 0011sz tm$t 
~JitP~!J1fn. PT~~JF/\',B,tE::~iLlt§IBJ R"Jxt~ o 001itm$t~Ji (1YU:tzo, 001itm$t~Ji 122, 124 
tP126) 1B PT 1:trr ;ttt::l:-fu,9-c!=1 o1YU:tzo, 001itm$t~Jf PT fftr $$~2oos1~'1'~Wi'1'f~Lltlmz_t 
~z q=i, ¼$plj2oos1 ¼J_m_t, ¼$plj2oos1 /3ti)J;J;J1J,_t, ¼$iJJ32000"Jlf :$ffi _t, ¼$jJJj2oos"J f~LlTIIT, 'Ji; 
~ft$$plj200 B11I:1iiJir n 1:.' JE 1:fI fr$lplj20081 ff fiiJir n 81 Fo TIIT~MTIIT' ~R'!i;~fr$$plj200 
s"J lETIITfP/~WTIITB"J:JtOO ~ 4-1~~11ili:, ~~o 

[0119J r;i Too 1ttm$t~Ji, +$]#3200 PJ~t! ~t1t10081 ,£#~t:ff1H4 o 1YU:tzo, !zl:E11¥LJG110 
pJ ~titfr$$w,j2oo_t' !g $$w,jB1 b(l9)fflt~1Ml¥L JG (ECC) ~~~JJ½~~?J\.~ 0 $$w,j200;i±pJ@c~ 
1f m:tz□ GPStizq1z:~B"J 1iIJf 1:f¥!@~ 130, H Fl_;i±pJ ~t!:l:ih00l11:W 1$160 ~JR. 1¥1i1~1¥L5cl 40fU 
1500 
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[0 120] 00 2A~--½ 03f Et':J ~ hllf7J Jtt§~fJ: Er:! 7T-17U'li:l:$$P13JJ~1i*t1E Er:! 1~,,tlB@'dWHS\1.00 ~7T- 0 00 2B 
~ 00 2AJ=ifr7f-8"1 ~JJjg1f]t 8"111[~ J]H!Jil.00 00 7f-o ti□ 00 2B q:i 00 7f-8"1, 03f 8"1 ~JJl!!Jf :d:-aJ 'El t! $$pij 
200, $ffi2ooa:1t j_.: 1* q:i 'Elt! * tJE 100, * tJE 100J:l:ff5E 1ft-tEJ§l½1. t'Hft:ili;f□ /E!X$ffi200 8"1 ~ 
JJ1Jn ~ft:ilio"J * ~ oo 111fli$t*I 122, 5:E 1\/ a1f=.m200 □"11*~*1 IX ±i c 11,1 ti□ , 1*~*1 IX ±i21 o q:i 
0{]~,t) z._t:gjtz.q=i 8"Jffi=001itl!J$t*Ji124, l2J,,&~;E!J'j'L5Gl lOo 
[0 121] ti□ 00 2C q:t 00 7T-8"1 ' 001itm$t~li 122;f□ 124 pij ~:l::>J pJ 'iE {ft-tE J§fS\1. ilM :ili;f□ IE!X $$Pi3 
200 a"J ~1J11n rft:ili O ;Jj)'r, .t±u1~a 00 2B;¥□ oo 2cq:i 7f-tB 7Wi1'-001t1m$t*n122;¥□ 124, m~@ 
i~:E!M8"1 ~, --1:tB~)JlgjfJtpJ 1'11!$rWi1'-001itm$t*lio17Uti□, aoo 2D;f□ 00 2E7T-t±:\ 8"J~)Jjg 
1f:rtq=i ,ffi~oo1t1m$t*I122, ffi=oo1tM$t*I124;f□ffi- 001t1m$t*I126Mz'Elt!-tE$ 
ffi200D"J*t;El00q:t o 

[0122J ti□ oo 20 q:i oo /j-; S"J, oo 1t1l!J$t*li 122-ar 5:E 1:v:aFot:mmllft Jlil□/wt1f=.tPl32ooa"J ~JJ1ff:! 
~ft:ili' * H001i1m$t~Ji124;f□ 126PT'iE1ft-tE$$P132008"11i~ifIIX±!1x (f7uti□ ,1i~ifIIX±i210 q:t 
S"J • 1'-) Z.LE!XZ. q:t O * _§_fin ll 2E?fr7T-' ll 1i1m$t*n 122, 124;f□ 126-aT 5E 1ft-tEJ§f!Jil. fHft :ili 
lD/E!X$$Pi32008"1 ~#1in ~1%~ft:ili O 0:3f8"J~JJjg7fJtff l'P~ r1f 1PJtt5:EJt § ;f□ ftgm:8"100 {t1m 
$t*Jf, ff H~1itm$t*li-aJ'iE1ft?t$ffi2ooif;J ;fD/E!X_tS"J111PJ~':3 S"J:l:fil,8 q:i o 

[0123] @:Flt~ S"J ~' 0:3f S"J ~)Jjg7f Aff l'P~ T if $P13# Hey Ll &:J=l=ra--1:t 't1f~ q:t O fE@;Fl 
M8"J ~' 03f8"J~JJjghJt:Hl'P~rtt'iE~~8"1$ffi200:H _§_ pJ@fflrJ=iJr1f~~8"1$$jJij' {i)Jt 
fC $ , ~ $ , tffi $ ;f□ --1:t 't ~ ~ S"J $ $pij o 
[0124J ffi~oo1t1m$t*I122-ar 'El1!51f1PJ *~~~ 0"1 oo ft1m$t*I O 001t1m$t*I122-ar 
1'1tj!j"_3/61ftl oa~t-~17u q:t '001tJm$t*Ji 122 PJ'@11j!j-J:l1f ~,rn]'f1Hl R"J Apt i na M9V024WVGA1"¥ 
i®ff 01±:ttB~JJ1g1fJtq=i, 001i1m$t*Jf 122-artt{#12sox96o{t~s"J JJ'-tlt-$:# H PT 1'1t!5~ffi 
·l:R n O 001i1m$t*lil 22-aT 1'1t! ~f~_3/6$5c1t:t: o {£ ~®~1Jffi7fA q:t '171)-ti□ 'pJ 'Eltt~,t E!X$1'­
~ffl' T'JOO'it1m$t~IBR:1#1Jtt~S"J ~Net□ :t!Jil.:l:h O a~@~)M7fj\ q:t '001itm$t~Ji122PT -55 
6mm~fflE!X12mm~ffl*!j:*o a~@~!Jfil7f :r:~ 41, ti□ OO 2D41007T-S"J, 001i.Ji$t*Ji122nJ figm:AA 
1m$tJ:l1f:l!JJmt:1Ji1Jm crov) 202R"J 00111 o 17uti□ , 001111m$t*I 122 PJtigm:mJ:l1f•;i:tJlR"Jrov, ©ti□ 

ft40Bt:¥Us6B[8"Jmll if;J, 1'1t!46B[Fov ,soB[Fov, s2B[Fov12J,_t O fg1-\';:tt, 001t1m$t*I122-ar 
ftgm:AAJ:l1f23&':¥U40f\tffi!Jl] if;] 81 ~F0V, mtlD28f\tF0VE!X36~FOVo _¥1jr, 001itm$t*Jil22PT 
;j;igJ!a:AAJ:l1f l00&'iU 180&ffitlil if;] B"J mFOVo,tE~®~JJfil7f:f\ q:t, 0011tm$t*Jil 22-aT 'Elt!m 
jijJtEt':J1i~ifiif§ifJL!lx~ J:l1f1LtU180/tFOVo 
[0125] ffi~ 001lti$t*.B.122 Pjjf§X>Jr -'=J $1~200*1llS"J:l:m~$t!!X$1'-ffi~ 00 {lo $1'-ffi 
~ 00 11 q:t l¥J ~1'- .l:)J pJ *i $t !IX ' 11: )') ey 11'. m ~ ffl 'l:R (l t!fl $t R"J ~*YU 00 ft 1=i:Ji ~ 0 ~1'-t=1 m ~ 
l)JpJ 1'1tr5$1'-1i~ o 

[0126] ffi~oo1t1m$t*Jf 122-ar Jl~-1=j$tI[1ffi~ *fU 00 fi13fs!i~ q:t 81~1'-*!j:*8113fsHt 
* 0 13 m J£ $ PT tlfii3:tt S"J J£ * , ~P ftJ=iJr J£J£ * r , oo 1114¥ w:ff: -ar Ll $t !IX -551'11t ft tt 5E 13 m ~ 
41 8"1 ~1'-1i~ *!j:* 81001i15l~ o 
[0127] 17Uti□ ' 001ltm$t*lil 22' 124;f□ 126 Pj 1'11'i1f 1PJ if~~~ t□}t § B"J 0011114¥~:ff:' 'El 
tr5CCD{"z I® ff E!XCMOS{"z /® ff O a ~,t~ JJjg7f A q:t 'CMOS 001114¥ !® ff pJ 31 [BJ~ ffi ·l:R n ~:/EQ* 
m, 1t1i~ff q=i 01~1'-1t~~i~1~Ir1 ~,t, * F1.i~ff 0113ma~1r:J:1z~ff01~itfl_t:ittff, li 
JU If 1'-0011 $fl! 2 *i1m$t Oft~@~ lM7f A q:t ' i~ 1T pJ t§ xtr $fl! M 1.-. JU r 1:& 1Jc tm$t 0 
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[ 0128] 1~ JtHHB 'fR n pJ 9 r'x T-~ :ff cp Er'l 11 ~ fr T-~ Er'l st i's] f&'. f!ln 1H&: M$t ' ~ pJ tic 1t f&'. 
tm$t 8"1001t$flr 8"1 :i?di4t,o;ItB001t {jg~ 0 yj - 7J mi' 3 001tJm$t*~ 122f&'. t1J jj!tP>Z ffl ~ $] ~lH=iJ 
~·!Rn ~11:: st, foftlf 1t~t~PTR11tt~~~*§ ~ B"1 st i'8J _;,* 1l fr~~ 8"1f!lnffl11Jj er u ta *ft:, fA 
* m ~ rm·IR n i1'J *~ er ~~~O"J$m □"Joo 1ttiJm¾/)\:!if 1'Fov cm:ti□Fov 202) frt9" Ji st rsJ □"J ·!R 
~~ 0 xt tt :tr ' fr~ ffi 'IR n@: ffl cp ' $fl! cp 8"1 'Hf tT :l:)J *! flJ 16 ' * _§.JJl:tm fr T-~ 8"1 Rt i's] itti$t O EE 
JI:~'~ i}J 81.J xt~ pJ f3g fr Jllf ~ m tk n 8"1 00111f§ $t~B cp ¥.llRi ~ ll O i~l~ ~it fr r 00 ~ t'Hffi 
:l:ttnnto 
[0129J ffi=001ttm$t*li124lOffi - 001ttm$t*li126PT~ldf1PJ~:@s':J 001ttm$t*lio 
:ti□~ m- oo 1ttm$t*1t122, oo 1ttm$t*1t124)fo126 er 81.J'Hf,tt)JPT ,e2J%1ttrn u fr -,t~nw:Jf 
:rt:cr, 001i'ZilH$t*li124)f0126cp O':J~1':l:)JpJ ~t§J=l:ff ~Jm·!Rn O"JAptina M9V024 WVGA1"¥Jt~ 

~otH~Jili, 001tti$t*li124)f0126cp 8"J'Hf,t:l:)JPJ' 'ffitr1i~ffl'·!Ri'l o :ti□~ 001tti$t*B122, 00 
fttj$t~1t124)fo 126PTti1m:P>Z1'1Jt :S-1rfi;it§:ffi:fo1t'#5G1tt: 0 fr -®~nw::h:rt: er, 1=J oo 1ttj$t 
*:'l§!1.I24t-0126*l}*8"Jj~ffl PTtJHtt~r~ ~ r 1=J 1&11ttm$t*E'.122*l}*8"JFov cm:tinFov 202) 
B"JFOV (ii:ti□FOV 204)f0206) 01YU :ti□' 001tM$t*li124)f0126PT J:l.lf 40 BL 30&' 26BL 23&' 20 
Jjt~~ r8"JFOVo 
[0130] 001tti$t*lil 24ln126PT!fBxtr Ej ip$]Jl§2008"J *l}*8"J:l:m~$tl~":lct,tffi= 001t7fnffi 
- 00110 $,tffi = 00 {iJfOffi-0011 cp 8':J'Hf,t½JPT$tl+X 79 pJ 1tffl ~m t:h: n tj$t 8"1 m =*JU )f0 
m-*J°U81 l&l 1tt3Wi~ 0 'Hf,t t3Wi~~:ff:l:)JpJ ~lf $,t1tj;: 01&11ttm$t*E'.124t,Ol 26pJ ~ 
lf1=J$t~~mttm=*~~m-*~crs"J~,too1t~m~*~B"Jffi=~m~•~m-~ 
mw•o 
[0131J 'Hf,t001ttm$t*B122, 12410126J)JPJ';,t§xtr $$~200/E 1ftfr1f1PJ 1r~811ft1tifollY. 
rPJ O PT:iztrfl~l1ttm$t*lil22, 124)f01268':J!f§xt;i::'fft~J:MMi~fAffl1ttm$t*li$tllY.81 {§}~JM! 
if iLl-i-mo 170:ti□, fr-®~JM:Jf:rt: cp, EJ 001itm$t~Ji124*l}*8':JFOV Cii:ti□FOV 204) pJ EJ * 
]j:*l!Jftfi$t*li1228':JFOV (m:ti□FOV 202) ;fO*l}*001tfi$t*li1268':JFOV (m:ti□FOV 206) 'I'm 
?J\.:1:111~3'5~:l:fu:l:i!rm:~ o 

[0132J 001ttm$t*1t122, 124t0126PT 1ftr $$~2oo_t 1ffPJ 1:f~B"J;,t§xtrWJ ~~ oft -,t~ 
Wucp, fr001ttm$t*li122, 124lW126:ti'sJpJf3gfffrr',§'j It~ ,~PTt~1j¾H:~t81fJ;l.~{§,~,*~ 
lliL 14s:?ttfr o 1YU:ti□, :ti□ OO 2A}1)T7)\, pij,tl!J 1Jtm$t*li122l0124~r T-~ 81 rWi lt~o 1YU:ti□, frl!l 
fiM$t*1t122, 124;¥0126:ti'sJ ~pJf3gff fr1~Ll rPJ 1ft;f$~, 19 ~ll• 5I;110 Er'l 1'( 14s:?J\.ffr~ tB tm 
:>'HJ;!.~{§)~, 01~~ rPJ 1ft-t$~ PJ-ic{fdx' :ti□ 00 2C;f0 00 2D}1)r:5f-0 fr - ®~JJW:Jfs\'.: cp '1W Fo1ft;f$ ( {JU 
:ti□, m!E1ft;f$) PTf3gt¥tEr001ttm$t~B 122, 12410126:trsJ O fyu:ti□, 001ttm$t*B 122PT 1ftr 
001ttm$t*li124if0/~001tM$t*B126FoTIIT810. s*JLl2*~_t 0~1rfi~:@811ft;f$PT 11'.00 
1tM$t*Ji:t-~~-~~B001tM$t*BB"Jmfr~Ao 
[0133J 001Jtm$t*B122PT Jllf 1f1PJ it-~81 ?ttJt$r}Jf3g C1YU:ti□, 1=J 00111"¥®~*l}*811fj;: 
JiS<. §) '* _§.1=Jl!J1tfm$t*li122*l}*81001t1'7~~81?J\.tlt$PT:kr,1}r!lx~TEJ 001ifi 
$t*1t124;¥0126*~:'k8"1001l1"¥®~8"1 ?J\.tlt$o tE-®~JJW:Jf:rt: cp, 1=J 001ltm$t*B122;¥0/ 
~001ttm$t*1t124ifo126*lf*81001t1"z~ff PT J:t.ff64o x 480, 1024 x 768, 1280 x 96081 
0-M$~A#ffW~'f::1r~~?tm$o 
[o 134J $fl!~* c 1fu :ti□, fr fi iJJ IHm$t 1=J r -,too 1t$flr *]j:*8':J 1Jj;:JJl:tm :t ~u oo 1itm$t*I 
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~I!X-1"001t1l1t1rB':1-m 1i~~tiB':1J!$) PTLl~ PT f~B':J olj001im~*1t122*l}*S':11l1l1rJ!$ 
pJ AT' ;J, r Elx:~T J:; 00 fttm~*.E.124?f,O 126*)}* 8"1 $fl! J!$0J:;0011Jm~*.E.122' 124?f,O 
126*Jf*8"J$J}rji$PTI!Xtk:rPT~tJJurnJ$JJrji$8{]itat0{] ,£#[3] :j: o 1YUftD, 001ittm~*1t122, 
124to126c:r o"J-1'-Elx:¥1'-PT 'E1ttfr:fit!l'Kl::5 00111l1Htt*lt122, 124t0/Elx:126c:r o"J 00111ttt~ft 
~-1"~$1"-~*~~00-~fflz$~zFo~~~PTm.~M~JWlAAo-~,M@r• 
1" ft~ 8{] oo 1t ~ ti PT tlHi ~• 8{] at t~ J! $~ Ii:x c 1Yu ftD , •1" at t~ m 1j-1"1t ~) o ¥i 5'r , fr t11 
;j:j§"~'ffi'·l1Hl 8"1 ~lmi77A c:r, 001tm~*ff 122, 124to126 c:r ~ ·1'-Elx:$1'-PT 'E1tj§"fr~tfY.!5 00 
fttm~*-122' 124;f0/Elx: 126q:t 8{] 001t1t~:M8{]-ff1t~*l}*8{] 00 ftJ1JE Z$Elx:ZFo7.ln:bo 
8"JPTm7t-'f ;il'3~.JWl1j o:ltt-tv, 001t1m~*1t122, 124;FO/Elx: 1269"10{]-1"Elx:$1" PT '§t!fr~ 
IiX !5 00 ft tlli ~*It 122, 124?f,O 126Q{]0011 $_ih :Jtl+X Q{] 0011~ ti z $~ z Fo 7£ :bo 01 PT~ jg H ;i/'3 

~t )W]jl:Jj 0 

[0135J ~ ®itatt~tLlPT 1t !5 oo•tm~~•122, 124;fo 126*)}*8{]$r1rJ!$[P]_tl;, it~':1§•1" 
l!l 1ttm~*n0"J~t3t/i'ij:f$~1Eu □tVJ'ftnJIL ½5tr, ftni'1tfrrffi'.f£ t+tffi:rtgii-V~0{], fr,;t:l!l~ 
(1YUftD, 00111t~=M?ttJt$, ~A~t3ta1iJ!$, ~~) zq:i, ~ @pJ mitaH~tLlPT 1C£001ttm~ 
*lt1228{]FOV !5 Ff!1tm~*-124?f,O 1268{]-1'-Elx:~ 1'-FOV£~81 [X±i81 Ff] 1tm~[P] iv'~ 
~3001t1l!J~*•1220{]t:½1Jm ~[Pl rOO 1ttl!J~*-124;fn1268{]FOVatVJ'ftD.rl:l 0 

[0136] 001ttm~~ ![122, 124;f01268{]$r/!J!$itatPTii::ZlR'r*l}*8{] 00111t~ft8{]71\.t}t$0 
fYuftn ,1EZ-i&Wf 1'-*n~~1~0,g~t3Wij:f$, ftn* ·1'-*n'E1t!½"tlt$7964o x 4so0,g l!l1t 1t 
~=M# _§_jj-*lt'§1!JJ\.tJf$7912so x 96081001t1t~=M, !l!U~'1tf!BJI£$a~· 1·s:1*~Ifx* El 
A~£~?tM$~#~ft~OO-~ffl~~" 
[0137] pJ JJu[!ij 001ttm~*-122' 124,tO 1268{] 001tJ.JijJJS~I!X8{]itat0{] ~-[3]~~-A~ 
t:::J mJ!$ o 1Y1JftD, ~Ii::z '§1!1± oo 1tm~*•122, 124;fo 126 q:t 0{] oo 111t!®B01-ff oo 1i~~w 
~~~-@~~~~~o®~~~~~-~M~JWlAA,~~I!X-fiOO.~ffl~~~~~~ 
~~!5~~*·~-A~~~J!$ffl*.~m~~-A~~~J!$~*-ffifr~~m~A 
~t1 1J\•:k~t=irs1iW$R/,J*lt£:kR/,J$fl!W$ofr-®~JmiJJAc:r, 001l1m~*1t 124;Fo126 
c:rs1-1"Elx:$1"~-:k~t3ta1iJ!$PT:kr!5001t1m~*lt122*ij*~-:k~t3fs1iJ!$ofr 
-®~nffi7JA9"1 '001ttm~*-124;fW/Elx:12681~A~t3ta1iit$PTrJ~001ttm~*-12281 
:ii:k~t3ta1iJ!$8/,J 1. 251iL 1. 51iL 1. 751ti"Elx:21if l:J,l:. o 
[o13sJ fr jj-~ hffi7JA q:i, 001im~*1t122, 124;Fo126PT A~t§[P] B':1 :ii:k~t3ta1iJ!$, 
f.§.001ltm~*.E.122 riJ fr 11\rElx:~r ,;:ii:kt3ta1iJ!$8"J t3fs1iJ!$. r·w1'1= o?fr:i£*tJE riJt10m 
P>G11Jlt001ttm~~• 124,fo126q:i R1-1"Elx:$1"fr~roo1ttm~*•122R"J~t=imJ!$R1~ 
t3 m J! * r w 11c O fr ;tt t: ~ 1Yu q:i , PJr:1£* tJE PT ;t}gm)])G 1t1l oo 11 tm~*m 12410 /Elx: oo 11 tm~ 
*m1260{]~13fs1iit$PT r;~oo1ttm~*m1220{]~t3fs1iit$0{] 1. 2s1if, 1. s1ir, 1. 751irElx:2 
fif 12),l:. 0 

[0139] fr-@~)mi]J :r:~ 41, 00 ftfm~*-122' 124;f0126PT 12), ~~PMf$81 0 ep 't: 1f]pJ '§1! 
A~~ [Pl t:½1Jm (POV) ;fO ~fte8/,J ;f§if) LO fYU ft□' 00 fltm~*-122' 124;f0126 8"1 llJilJm riJ 'E11!t§ Mr * $W,j 2 o o s{] vF ~ s{] 1=:E1i5J :l!JH'~ ix ii O fr - ~ ~ JmZ 7J A q:i , oo 11 tm ~ * m 12 2 , 12 4lo 126 q:i s1 -1" 
Elx: $1" PT ;ttJ m P>G ~ Ii::z * § * $w.J 20 o $ 7J , * $w.J 2 o o Fu 7J , * $w.J 2 o o 1~~ 7J Elx: '8 ir'J 01 t§. 1r 01 vF m 01 
00 f%{}5<: ti 0 
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[o14oJ JtJ:~$, --½4ij:'Tl!J 1tM$t*1t122, 124?f□/~ 126*!f*Et''lmfl!BPT ~~ PT mB"'l C17Uftu, 
i!Ui~ti5~3 8"J~ffl~~) '11'.1~4ij:'T*~:l:)J$t.t\Xi=Eif§Xtr $tfW§2008"J 1Jfi'~Ji!e /£dim ll 918"1 xt 
~8"1001Ju1JLJftD, a~@~im7JA 9'l, 00111IH"$t*.1'.122, 124;fD126P]'$t.Ef)(Ji!e$$W§JL*P'18"Jtt 
_l:::j xt~o"J 0011o001ltFH$t*.1'.122, 124;f□ 120J:EPTitlii!i:m$t.Ef)(£fil~ $~o"J ir1 ll! C fli1Jfto, 25m, 
som, 100m, 1somLl_r.) 0"Jxt~0"J 0011◊ ill~~, 001tti$t*.1'.122, 124;f□ 1268"J ~Ji!ePT nttf.79 
1t fij ~ 'T 0011 tm $t~.1'. C f7Ll ft□ , 00 1fdm $t ~ It 12 2) PT ~;}, $t Ii:::Z tB xt:ll :ili $ $W§ C 1JU ft□ , 10m P'1 ~ 
20m P'J) 8"J xt~8"J 0011, rm ;It B 001tti$t*.ff ( f7Llftn, 001tti$t*.ff 124;f□ 126) PT~ $tt!Y.Ji!e$ 
$W§200£fil8"Jx0·~ (1JLJftD' Ar20m, 50m, 100m, 150m, ~~) 8"1001la 
[0141J tlHJis~®~im1fA, ~'TEl;Jtt'T001ttm$t*1t122, 124;f□ 1260"JFovPT Jl::~r~msL 
w,Jft□ ,:ft;t:txtr PT fflrt1H$t$~2oor1t:ilio1 ix±io1 oo 1101 oo 1ttm$t*1t122, 124;¥□ 120, PT:ff 
lU8"J ~J:J,1f 140J3t81FOVo WLlfto, 001iti$t*.l'.122PT fflrti$t$$W§200:tl1J~lc1J81 [K±}Jlt01 
0011, ff _fti=E~tf:81~lm:hA 9'l, 001Jtm$t~.1'.122PT1JJ~81 ~Jl1f1:FOV (1JLJftD, :¥& 140 
)l'.) 0 

[0142] i=J 001tti$t*.1'.122' 124;f□ 1269'l 8"J~'T*lf*8"Jt:~\1Jm PTI!RlR:r*§EZ81 mfl!e O 1JLJft□ ' 

~fi~mfl!e81:l:~:im' xt@01t:1J;1Jm~i1~0 
[0143J oo 1tti$t*1t122, 124;fn 126PT11JmmJ:l1f 111PJ ¾~0"Jt:~\1Jm O a~'Ttif5;E/J-;fJU 9'l, 
001ttm$t~ !f.122PT Jl1f 46Dt817-K-'-f FOV' 001ttm$t~ !f.124 pJ Jl1f 23Dt817J( -'-JLFOV' ff _§_I!] 

1tti$t*R126PT ~1f 1l'r23&¥Ll46&ZJsJB"JJJ(-'f-FOVoi=E½ ·~fJLl~, 1:!11tti$t*R122PT 
Jl1f52/t8"17-k -'-JLFOV' 001JM$t*.1'.124 pJ Jl1f 26/t8"J 7-k -'-f FOV' ff _§_I!] 1tti$t*.1'.126PT A 
1f26&¥US2&Z['sJR"J7-k -rrov oa~@~im1J:a':9'l, 001ttm$t~.1'.122R1POV1=J001ttm$t~.1'. 
124l□/~OO 1tti$t*.1'.12681FOV8"Jl.t$PT J)d. 5~1t¥Ll2. o oft~B~lm7JA9'l, i~l:t.$.PT 
{±1. 2s:¥U2. 2szrsJ~f.L 
[0144J * tJE 1 ooPTt-1JJtim1t1loo 1iti~~1t 1220"J t.m±w1=J oo 1itt$t~1t 124;f□/~ oo 11ti 
$t*1t126 01 t.mtm ~ &"l'fl37J\.:tih~ ¾. :i::tihm::i: o a ~®~im1J :r:~ Lf1 , * M. 1 oo nJ +1Jmm111~ oo 
fttm$t~.1'.124;f□ l 26R1t:WJm1.1LlftD~A (fJLlftD' ~r) 001ttm$t~.1'.122R"Jt:IJ;!Jm P'] ff _§_1=j 0011 
ti$t*1t1220"Jtttm~:$~1EJ8"J 9'l 1L>'ofr~B~im7fA9'l, OOfttm$t*.1'.122, 124l□ 126PTti 

~if§1~FOV, ~:t-PT {lt'.B{i'J81FOV"]'fl371\.:J:ihm::i: oft~®~Jm7JA9'l, 001tti~*.l'.122, 124;fU 
126B"Jtttm PTxtl1£, 11'.1it19FFOV001lti$t*.1'.124;f□/~1268"J 9'l 1L. 1PT {ftrt11:FOV*.l'.122 
0~ +.m tm Et'rF cf. 'I'm 9'l o 

[o 145J oo 2F ~-'::] 0:ff 0"1 ~ im1J:ct: t§ ~ #fl: 0"1 ~1.1H:'t$tfwH~ 1ffLl * tJE 0"1 tltl~*~ 0 ft□ oo 2F 9'l tl't 
~R"J, $$~2oopJ ~t~11tTE*tJE220, tLli.b*t3E230tD~fPJ *t3E240 o *tJE 1 oopJ i£~'T~$'T 
Jxtfis'fjH* (fJLlft□, ffirbtJ!Jxtfis8"J{f1iiJff~l□/~:3c~8"J~'T~$'T'fi!Ji!*) [PJ711JrE*tJE220, 
tLli.b *t3t230;fU$t[PJ *t3t2409'l 01~'1'~$'Tt~{~$ifrj A (fyi]ft□ 't~fffLl1§%) 0111Jfto '~rXtEB 00 
1itt$t*1t122, 124f□/~ 126$t.Ef)(0"J oo 1t0"J 0-tri:, *tJE 100PT [PJ 1H1rt*tJE220, $Lli.b *tJE230 
;f□~[PJ *t;E2404101~'T~$'Tt~{ft~tLl1§~' Ll (1JLJftD ,J!liilf!dt1J□J!,$t~ ,$m:ti1l, ~ 
~) ~~)1$$]#3200 o)lt~~, *t;ElQO PJtl~!,c)K § l'l½TE*M.220, fffLJi.b*t;E230f0$tfPJ *t;E240 9'l 
8"1 ~'T ~ $ 'TB"J $ti A, tl't~ $$]V0200 8"J~{i:'1}{~ ( 17Ll ft□, 31&, $$]V0200 ~~tu i.b tD /~$t~, 
~~) o rTIIT ,Jtl:~;Jb~ffi11~¾004:¥00,*t~1#o 
[0146] ft□ 003Apfr~, $$jiij200J:EpJ Et! ffl r 1=J $~2000{] ~!J1ffJ_~*';g:x_JiS"J ffl ~tt n 
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170 o 1lJUftU ,fr$$W3@ffl cp, ffl ?ti D 170PT 1'1t%fo1!-rfM320, Wfi.R330, 1~i.R340;fP~52:Jx\.350o 
$~W32008{]~1lflr!~*'¾~PT 1iffl-¥m (1lfUft□ '1.trr $~200S{]$~[P]ff£,L~!Yft:i5:' 1lfUftD1'1ti5 
~ [P] f§ g-¥ tPD J~ i.R ( 1YU ft□ , {ft r $$W3 200 s{J 1f [P] :m:J:::) "!fc , l2J ~ JUJE 1 oo x.1L fr~®~ JJW:7f 
rt: cp, ~52:Jxl,350PT5E {vp\ZEj Fo:t:IJ;lm31 ot§4~ o~1~:l:t, fr ~®~JJW:1f:rt: cp, 001t11H~*1t122 
PT 1.trr Fo:t:½1Ai310~{t Jlio fr~®~JJW:1f:rt: cp, ffl ?ti □ 1 70)aSpJ 'ffitJ1i~1'~$1'1m~ a360 
( 1YU ftD ' $$W31f ~m * t1E 8{] 1m ~a) 0 1YLl ft□ ' * t1E 10 0 pJ i:}. EB :rm~ a 3601,&1~ :'S-;frfi i!lHD ( 1YU ft□ ' 1,& 

~) 0 

[0147] 003B~003D~Ej'i}3fS{J~JJW:1f:rt:t§~jj(S{J/J\1YU'tl:tif§tJLix.~1tf:3708{] 00/J\' ;f'§;j;JLi;:. 
~1tf:370ti/zt19@PIZ5Ef.tr frFofJJJm (1lJUft□, FofJJJm310) FoTID:# lltf£~ $~13Jxl.3;fz~o ft□ 00 3B pfr 
/J\ ';f'§:tflix.*1tf:370PT 1'1t!OO 11 tlH~~.1'_122, 124;fP1260001t:tm~~.1'_124;fP126PT5E1vfr~ 
1c1-1z3so Fo®, ~1c1-1z3som Ej $1W313Jxl.3;fz~*f* 1l 1"112irt§J;fri1~tJc&.~tM*4s{Jtiiirtm 0 

Wu ft□ ' ~ ft tlz 3 80 pJ JE 1ft AA 1t :fij ;1t tf£ ;;g ~ ~@ciri4 ~ 8{] $$W313 Jxl. w :f/fJ rm x,H& 0 fr~®~ JJW: h 
A cp, 1lfuftn, ftn ll 3D cp m~s{J, ll 1!:ti~~.E.122, 124;fP 126 cp 8{]4ij:,t:l:)JpJ5E {ftfr~YUJz380 
Fo urr O 03f s{J~nw:1f :rt::#~~~ rff1PJt~ JEti0@s{J oo 11Jt~~I 122, 124;fP 126, *§i-JLix.~14 
370;fP~Jttlz380 o ~ 3CJE::~ 3Bcp ?J\t±:l S{] ;f'§;j;JLi;:.~{tf:370),)UETiiHJJJjij S{] ~ ?J\ o 

[o14sJ ft□ ~jhlr)f(03f s{]Jf(1~±]Jttt:f:Aff!~~ 7 fo¥s{J, xtrfir®s{J 03f s{J ~nw::1r:rt:m f~Jn±:1 
i"F~~~;fP/E-\K{,Jr'~ o1lfUft□ , :#~pfofr~tm{tf:xtr *t"1E1008{J~{lt~~~*_ic:~8{] oJtl:~-$, 1f 
1PJ${tf:t[)PT 1.trr *tJE 1008{] 1f1PJJfi3 S{J$jt cp, :# _§.pfrj£${tf:pJ:i,:fJT;fiTnPIG:'S-;frfitlJ@, rwl ot 
tl{A03f B{J ~nw:1f:rt:s{J mf3tt!: o ~Jl:l, firilITB{J1'10@~7]\1Yu:# 1l Ej J::: ilITitiis{J1i0@:1e*, *tJE 
1 oo pJTJJ~f~ mm: IE R{J r}Jf3~tt, m l2J :fr rfr ti=1J#3 200 R{J m1 m:£f ii:# 1l ~rAJ@ r J5JTJ£ :fr 1-Jr * ~ ~Jt ti= 
$W,j200 0 

[0149J ft□ rTiff Jt!:~-$t'Hei:ttitit i=J.Ej:S-frfi03fs{J~nw:1f:rt:t§~J~, *t1E1oom1t1~1=5 § 

± ~IR i}J ;f P / wfi~ #JE ff! m El}J tt :f: if'§* S{J :'S-frp t~ fil o 1lfU ft□ , * ~JE 1 o o PT ?t tfr 00 11 Jt 1E , 1ft I~ tE 
c 1lfu fr□ , GPs:tt,Q 11L@-> ,:1:tooJx:th!i, Jt!tJSdh!ilPI~* § 1'1ti5fr-$$W3200 4-1 s{J 1t®a s{]JxJ:iiS o * 
tJE 1 oo PJYt~% § 1lfuft□ 001t$t!jR•7G120, 1.tr1t1twa 13oR:;tt't 1t®aR{]J!l:t-~ l2J 1~:H·i-Jr O * 
~-$, *tJE1oom ?J'-tfrPfrYt~s{]Jtt!isl2J115@5E-$$W,j2oo~~@i~*JjR~®i}J1'J=: ,~FofrxAJ'.1 
:=ttm s<J'tt m r § iJJ * !f:HiJl 5E s{J iJJ 11:: o fy1J ft□ , 3 ¼$W3 2 oo fr xA :1g :=ttm B{J 'tt m r ~ ~Jt s-r , * tJt 
l00pJ ( flJU ft□, lffi:u[P] 111!rt*tJE220, $Ui}J*t}E230 5fP$~ [P] *t}E240 cp s{J~1'wt$~,ezl!1~$U{§ 
~) § i}J:r~*U-$$W3200B':J iffUl9.J, )JQJ!;fP/!1X$t [P] o Jtl:~-w, *tn 1 oopJ ?J'-tfr pfrr[t~B':J ~tE:# tz t±:1 

-~, ;fP/wt¥rJ5JTYY:~S{]~~s{JfJ-i-Jr*tI~$~i!B~*Alr! o 

[0150J Jt!:~-$, 1=5i~3fR{J ~JJW:1f:rt:t§~jj(, EB *tJE 1 oMt{~R{J r}Jf3t·riPTiJcf}E$~2oo*JjR 
~ [BJ S{] i}J 11:: l2J fr$m pg if P IWGt§ xtr ;t:t 't $$W,jif P /~xt~*~BJt-$$W,j20001lfU fr□ '* tJE 100 pJ 
i)l1J~¼$W3200;f§)(ifr¼$W3200ffillB1¼m;fW/~;f§)(ifr5E1ftfr¼$W3200M:i5:S{J)(if~S{J5£1.tr,tt 
xt $ $iJ,!j 2 o o nttl tt 5E $ jtef l2J fr ff Jtl:B{] IBJ Bt 1i ffl , :# 1l Qrt]@ r 1f A$ $jiij ( if ~D 1:r\ 00 Jtl: A$ $jiij 
2ooffJt1:s{J-$m:4-1 s{J-$$W3) *!jRiJJ1t o jj)'r, *tJE 1oomEttU$$W32oofr~rPJtm~ cmfr□ ':1§$$W3 
20 0 jzl: ff$~~ Bt) r· S{] :ifil J3L ~ tJE 1 00 P Jjzl: ~-$ jjz: 1i $ $ptJ 2 0 Ml 1:n fir$ S{] i}J 1t ~ JlSiJJrn § f}f $ 
$W,j' * ll~B1[$$W,j2001}Ez~~ § :ti-$$W,j O r®tt{~*T *~100Pfrtl1~B{J:'S-,frfi~JJW:1f:rt:B{J 
-~jjjltlf,rn--++­,=1l/,:n~W-Jll o 

[0151J -®=Jfir$PIZ1l*tx 
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[o 152] ftu 1: 00 ii it Et':! , * t5El 00 PT }J:t{tt{t ffl ~ ;J;-§ifJL*tJE Et':! ~[Ri}J$1fi JIJJJ)Jf3~tL ~ t§iffL* t5E PT 
~ffl~xt$m~ru1J~~-1'~$1'fflm"a~b~nl'.e:1JA~,$fflm*~PTBM~xt$ 
$jlij f~LlTID~ $$jlij Fo TID~ -1' ~$1':t§:tJL" a-1'~Jll'.e:1JA ~ , 1YU ft□ ,*~ 1 oo PT {t ffl ~;t§:tJLJJ½ 
ft*t;E, ~ ~ ffi-t§:tJL;fPffi=t§:tJL (flj1Jfto, 00 fitlH:fit*lil22;fP124) r'iJJ;E{Vfr$ffi (flj1Jfto, $ 

$jlij 200) ~ ruoo if P 1~ f~Lloo O ffi-:tB:tJL 01 tt:1:m m J:i< 11\ r ffi = tB tJL~ tt:1:m, ~ 1'1· !5 ffi = :tB tJL 
8<Jt'h1JmtmJJ"t-tit~-i: o jj)'r, m-ffltJL m ijJt:ium-oo tt!zt:@ff, 12), =rtt.ff m-:tBtJLJiJrt-%1#81 oo 
{181 ¥§lz 00 {l?tiffr, * lim=ffHJL PT J!t1aum= 00 {l!zc:r:!1t, Ll tAff m=t§if}LpfrtM{#8100 
fls<J ¥§~ oo fl?t:tfr O m-oofl!zt:@~lPm=oo fl!zt:@~s<J~ tB < 17Uft□, !zt:@Fos11a ,1~,> mm. 
*"a-®~~1JA~,ffi=oo•!zt:@ffPT~~*§ffi-fflm~ffi=fflmm~~oo•Ll~ 
ff iL ft:fr:tJr o a.5J-~~1J:rt: ~, *t1t10om ftm - t§tJLJJ½ft*tJE, ~ ~m-i'ffltJL:l:)JJ=l~::f 
~~~~o~~.~*~*~PT¥rMttr$~$oo~~oom~~~~~~!zt~xt~ffl~ 
8{] {§ ,~, {~! t±:1 {~ JE O t~.¥U-'¥1-§~ 00 {I 71'-iffrPT=r~i3:W8<J ~{YU' ep : ¥r AA-'¥1-1' :X.½\~ ,12 ( {YU ft□' M-'¥1-1' 
:t§ tm ti :fit 81 l&l 11 * tA ff l&l 11 :5t :tfr O iL 1t l&l 1171" :tfr PT t~ 13: i+ 81 ~ 1JU , e P : ¥ r J=tj l&l 11 ti :fit~ 
~~-1'~$1'~ruM:fft~m1'~~$1'00•*~ffOO•?t~o~~,~r~ffiL~00-
:5t~~-M:fit~•mBM%~LlT~~M:fit~~-=mfflm1'~~~-i'::f~ttB,M::f~ 
0<Jtt:!:m ,ftffl::f~ 81~/i!e, ts*tl~f§,~,, ~~o 

[0153] 1YUfto 'a-1'~Jll'.e:hA ~' ]Ure lOOPT~~{tffl 00 {itj:fit~ 'l!.122-12681 - tBiffLiiJ 
:i1!rofti3:tt81t~:i1!r ~, l&l {IM:fit*n122mtJ:t{#~tt:!:m C 1YUftn, 34&, ~m § t120&¥Ll45&m 
~ s<J~b{1L~~) , 0011M~*.m124PTtJ:t1A'ffl:tJUm <fYUft□, 1so&~mt':l t{J100&.¥Llt11so& 
ffi~R1~b{J'D '* _§_OO{Jti:fit*B 126PJm{#~rsHIJi!Jm (1YUfto ,46&~m§ tf.J3fi&.¥Utf.J60& 
ffi~s1;ttb{i) oft-®~Jll'.e:1J:rt:~, OO{IM:fit*lil26PT{icJ-J:±:t§:tJL~::t~:t§:tfLo OO{lti:fit 
*lil22-126r'iJJE{ir.(£JBtlm3lO!Boo:Jt Fl.¥*1:Jtfll:JE{ir (fy1Jfto, 6cmi'sJ !Wj) ◊:itt--W, .(£­

®~DtfL1J:B'.: ~, ft□ J: oot-tit01, 0011M~*.m122-126~ s1-1'~$1' m~*a!5$~200 
s<J}j)xl,~~=fr:sp:~~:fttlz380Fooo ◊i3:+¥s<J~:ft nJ*~* § $ fAJ 811f{PJ &MxtOO{lfi:fit*B 
122-126:i1!rIBGR11;~~~¥:.¥U:i:1~ o 

[0154] a~-~Jll'.e:1JA ~ 'ftol: OOts*003B,tP 003Ciii-ts<J' 1ttt:1:m:t§:tJL (1YUfto '_t 00 ~1YU 
~ 8<J 00 {tti:fit*B 124) PT ~*Zi{tl;r ~ 81 i= tt:1:mt§:tJl ( fyij ft□, J: oo ?]\{Ji]~ 8100 {t*Bl 22;fU 
126) o i~:t~J:a: PTtJ:tf#* § 'ffl:t!:!:mt§:tJL01§rntt~o797 ~& &M, t§:tJL PT~*1it1ili$$jlij 
200B1013Jx\,~~, *_§_PT §:}15;t§:tJLJ:B101!ila:ftff ffl Ll tL1JwLl&M:ft o 
[0155J - t§tJL*tJEPHJ:t1#~®·t:if3M~ti o 11Ufto ,-®~Jll'.e:1JA PJBttft□ r·f3~n = ¥r yj­
fflm~~m~**%fil-1'fflmttxtxt~ ~~m O a1:oott~~ - fflm~:i1!r~, !zt:@¥~ 
11opJ Btt1YUfto -1'!zcll*B (1YUfto, ftol: ooi-ti-i8<J, -1'EyeQ*3'U 81!ztll ff-;t, J-,·) , ~1'!zc 
~*Ii:!:)]~ Jt.lr!zt~ EE OO{t:ti:fit*B122-126~ 01-1'~$1'1i:fft810011" 
[0156J fr - ffltfL*~JE ~, ~-!zc:@*BPTtt~~* § ::t;t§:tJL5fP "Fti:1:m:t§:tfLM~810011, Jf 
_§_ tA ff ~ FOV;t§ :tJL 81 ti 'lj;f;!zt:@Ll {YU fto +& 1ffi-Ll ~ '8 $Wj, ff A, $ i!tti-~ , x.iilif;f, ,'t, , x_jjjJ R ~ 
'Bil~Ji xt~ ojtJ:--w '1B-!ztW*B PJit•::tt§tJL;fP~;t§;t,JLS1 OO{t::trsJ 81{l-$:~Ji!e:Jt _§_ B1J 
J!$$W}20001:SF~81 -ti:ffi:t~ o~Fo, %-!zcll*B PTi~ -tt:ffi:~!5-ttHil100 2i&1ltli*, ~ 
~!5¥-f'yj-fflm~m~tt-~--ffi~ffl*o 
[0151J ffi=!zt:@*I PT:tt~~* § ::t;t§:tJL010011:Jt _ft=rAfft!J5i!zt:@Ll~iffi-U~'8$$jlij, ff 
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A,$m1i~,:Stiffi1i,,t,,:Sti!li1J JJ..~'tm&&M~o !fjJr, ~_:_~f19&JIPTit~t§:tJ111~, # 
~~r~&~it~~~oo•~~~-~~~*~m¼~~-~I~~~'*m~~~~ 
;J;ig) u~=~lJ.9&JIPT~~*§ ~rIBiJJ81 -ttI;J;ig01ta;J;ig'fe:.JEiU~-~lJ.9&JILl.~iL 1*­
tl 00 {!Uilif o 

[0158] ~ - ~fl9&1t PT:t1~1(* § 'IJIEFOV;tB:tJ1810011# H~flpff5£0011, Ll:r&iffi-~$$iJJL lI 
A,$JiHi~, 3tiffi1i,'t,, 3tiffi1J JJ..~t:ili&!M~o ~ - ~fl~JIPT ill-1-VtAffllff>1r~flt~ 
4-Ll ?ttfrOO 1l*iJUJUi=EOO• q=i;f$~01xt~, ~:tzn~ii81$$iJJ3, ff A, ~~o 
[0 159] a-@~ M!:7JA q:t '1i~T 001181 fa}~, ffJE MzJ!kiL:l:i!!i 111n1# ~fl pJ tl1tt: tl1tt ]UJE 
JC~81tJ1¾ u{JU:tzo ,i3:tt81JC~PT'ELrJS: 1iffl~-OO 1ltm$t9&1tlPM i~9&1t~lJ.810011Ll!3& 
iiElP/QXt<r ni!lii-Hm$t#~f! ¥.&* ~ ~=oo 1t:tm$t9&1t □100111§,~, rm$t1~011§,~, o 
[0160] a-@~M!:JJJtq:t ']U;ElOOpJ 1tfflrcJf't001lti$t9&1t (f71J:tzo' 001iti$t9&lt122)fP 
124) *7'}$$iJJ32001~1tt~flnJ~M, * H 1.tffl~ - 0011:tilrtt~lt C1JU:tzo, 0011:tm$t~1t126) ~ 

1JHtt JC~# !3& iiE hA. ~ t; M ,t ~ 11 ti $t 9& Et :ti q1( 81 Jj;JM B17J"-tfr O WU :tin , i=Ei3: tt 81 tlJ@ q:i , ~ 11 
tm$t9&1t122lP 124 PTT'J*tJE10001 iL 1*7J"-tfrti{AOO {lLl ~fln$$pij200, rnf 0011M$t9&1t126 
PT 7'J *~JE 10081.§l!JJ"-tfrtl{;ttFf! 11 l2J =tt{;ttJC~#~&iiE~r 1-}..Ff! fl:tm$t9&1tl22lP/QX Ff! {1 ti 
$t9&Jl1241i$tS10011 rnf$t;f~B1 l§ }i~L ~p' 00 {lti$t9&ltl26 (NM m01~l£9&jf) PTiffi'.iAT'J 
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~ii¼: 1ITTU rx: Bt * l}* 81 ~ ~v! IHA!l * 1A ff$ ~m 5Hfr o fr~ ;E111_ • JG 1 1 MA ff$ $JJ! ?J'-tfr at , fr :ti7 !JI 
554ti07!81~tft11Jl1J]i_m* PT~1i~PT:3ff ll-'=5~~ 811i1§7J<.f:¥:l}jo rnJlt ,lffiMtJt,ff &131 
s5o-556, ~:El• jc110PT iQ111J t±:l J~fr ~m tEzM~oo 1t~ s1:1 imtlFff H 1~ fU$mJL1nJ 1* ,~, o~ 

ri~ iQ111J t□f~iu 011§ ,@,, ~:El• JG 110 PJ r"±-$$]#3200 01 ~,t ~ $ ,t~~1r:Q~@, ~ frl: oo ta 
*00 SA:fs!iJ! o 

[0179J fr-W13J55s, ~;fl• JG 11oey ~ ti!tiIJL1'H* ,@JJJJ,*Jtl:~-Wfr;t:t: ffll:it1:£f m61 ~~ r :tt:iL 
¼$Wj20081~4:ffi~ o~li:l:!.jcl lOPT {'1'.'.ffl~~ffi~ *~r:!5E~J r~~, ep: *tnlOOPT 710[:l.~ 

1t817JA*1Aff $$Wj20081 ~ _j_:J~$1j oT') 771 ,'r ~1ttl~, fr~®~:fng7JA ~, ~;EIJ'j'Ljcl 10 
PT~ m ;tt t; $ $Wj 61 {iljt ;fD iE i}J , it+& 11Jllj mfilt s{] filt :ill ;fD ~f p~ ;fD / ~)ktt 00 Jd·hs (m ft□ tt 00 ~5/Jki 
w 16 o 01 t.!l:ti> m.ij;l_ 01 ,e, 1i il!Mi%~ m J£ 0 J1Ui~ mW! ;rH§ ,@JJJJ, , ~w • JG 110 p J m1# JC~* 
tt ilJlU lf-tHi ifD $:i]!Jl 1iiJ %~ff_§_ ±i1J□ *tJE 100 61 ey~ 'fi 0 

[o 1 soJ oo 50~~ t±:l ~ 03f 01 ~ :fng7'f At§ ~j,t 01 m r#;:11J1u~tft oo 1t ~ 015t:Jl!HT 01 ?F ffHi 
Mfi500D81i7rtfil!l O ~:El-'¥ 5c 11 OP]";j'j\,ff _r'j'Liji l!l 1l-5tt:Jrtl~402 ~ ~:fjfgJifi500D O fr& 131 
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560, &1:E1¥ 5Gl 1 OPJ:r3fEli~ffi001i# _ft iR11U t±:l liJi'ifrPTf§t1'1 !3"Jt3llBJB~ 00 ft cp B':1:l:ih,12 &±B':J M 
~ 0 ,Wlj ~□ ' &±:El. 7G 110 pJ ii1J:U&: iR JJIJ M~ L2J t1J ~ ~ t£l. f~mxt~ 't!F 1;i ,4, pJ ~~ M@ T JtJllHJ 
s{]~ ® xJ·~ orlimPT¥r ~X.i!lHJ~JBcs{J :£;fr/t ~'f~ (ii~□Jf;~, R. ,J, m:i:1:ih, (1JIJ~o, t§xJ·r $ 
ffi2000{J) {vJi, ~) *JGPIZ o ~ttO{J ~'rt PT £r5cim:J:T ;f P Jt31U2i> ff!IH8 ~ 0{] ¥ -i'1rd11J ft _ft #fit 
fr}5l:t!ftf cp ofr~®~JJmJf:itcp, &1:E1¥5cl lOPTfrlxR~ PT~t5ci!'):Js{J~tii {~mxt~_ttA1T 
:;t ~r1! JJ\. tfi o ,wu ~P , &1:E11¥L 5G 110 PT Ji!U* ~~ Jt ~ oo ft ~r1! 8{] f ~:im:xt ~ , ft~ 1~:imxt ~ 8':l liJi'i ':t ttt 
Jf 1ft Ii ' * Ji rl 1m t±:l f$ Z)(J 8':l JjlS ©; xt ~ ( ,4, pJ ~t~ X. w )T) 0 fr • ® ~ JJfu 1T A cp ' &± W ¥ 7G 11 0 
PT~fi~mM~~~~*~,ft_ftm~t±:l~frPT~Jtifil'):J~ffl~~ttn~~~fflMttI 0 

[0181] fr-W#f562, &ill¥ :5G llOpJ JJ\.ffrfi~J.HS{] JL{iiJJf;~" i~-½'"ffrPT¥r L2J rB{J {f{iiJtiii:f: 
(i) fr$ffi200 □':lff~f1J11JO':ltt11J11JO':l $i1~J& § : Ci i) frmJi!i r.r.&11J11JO{]t1Fic cm~□ WiI:~di~) : L2f 

R. (iii) Ndi!I.OO~U! (i;i';~oJiliOOJi1tisftf 160 s':J })(Ji) 1fVl'£s{]1'1Rt.H s{JfE/iit O &±:El¥ ]Gl 10 pJ 11ffl 

J,,AJftAi •~~ JJ\.ffrtl:l:R:4021ij:¥1J8':J 11t~,*Jt!:fi*i-fi o 'h>7r, &1:EIJ¥l5Gl lOPT11)li5Efr!V#l560tt11JllJ 
s':J Jt:im:J:T 55 t±:l lJli'i fr $lW3 200 ~f1 :ili s':J $ jgzJsJ s':J M @tL 
[0182] fr$$W3200ti:ilitl3:t.HsJ, fr-W#f564, &±:El¥ :5Gl 10PT~ifr 55t.&'.JJ\.ffiB':J fIB:t.HJL{iiJ%~ 
tP t.&:r.& 1»1u JtW 1:r ~)}* s':l I 1~ * f O 11u ~□ , 55 ~ pffi t±:l lJli'i rr tJR t.H&:t s':l j( w nix § tt ~ , 1t ~ s':l t±:l 
J:filfrt!Rt.H&±s{] Jti!'}:Jztx § PT~t~ufoJI1**f o rn 11t ,¥ri~I1*1kf, &1:ri ¥.5G110PT~tx 
$$W32008':J~~~ lf!Jt!:fi1~wlJ, ~j {f:~11:Jt!:iz1t~1~ o WrltAfi-WJJl560-564, &1:EIJ¥l:5Gl lOPT iR 
111J t±:lJJlilifr. ·tii t.&:1m$tll 1t ~ S':J 5c.:1Jl)T * HJJ\.tfrt!RrB.JL{iiJlf;~{§ )~, 0 ¥ri:!HR11U L2f btJJ\.ffr' 
&±:El¥ :5Gl 10PTF~$$jlij200S{J~~~$~~mJ'[u[o]@, ~fr_t Tii1taif005Affiiio 
[0183] 005E~~ t±:l55i~ffR':J~Jlfu7JAJf§~i!£R':J fflr¥r $$i#3~4Hl)[Zfr$$]#3200 cp r~~ 
~~$~~mJ'[ufoJ@B':J~{JIJ 'rirll£500EB':JtfU£00 o fr-WJJl570, &ill¥ 5G 110pJtJgJ.t 55 $$~200 
* l}*B':J 1JJPE1$£tW,iRi1:2 o $£tW,iRi1:2 PT 111'.'.ffl ~J .$r1F Cx, z) *:it:s':J~tii,8 **7}\, ft Fl. ~tii ,8 B':JW3 
,8 Z, ['s] 8':l Ji!e ~ di eyg A 1 *IU 5*8':l m Iii ~ 0 fr~~~ ,iJi!j;jf t(: cp '&±:El. 7G 110 pJ {f ffl ii PD ti. 
kimJi!i $ rm :r:~ ~ W3 ~$rm :r:~ *+1g JtiJJYEJ -$.tfW,ifft 1?:: o &±:El¥ 5G 11 o nJ it~ W3 ~ $ r:w :r:~ ~ i'sJ s':J 
JL f PJ ~ ,8 , ft _ft~o *~fit$ R':J ii , 111'1 t~ fr?JT 1.itt R':J $ $i#3 ~111 cp R':J ~·1'-,8 {ffia ~ fm5E {mat$ .m C fflJ 
~□, tUt$m{ffiaf$) , (~1ffiat$PTxt@rfiJt!:fr$ms{J cp i'RJ) o{ffiaf$B{J7f fPJPT~1L r $$~Ji!%1?:: 
~ sq {f {iiJv};j ,12, Z, ['s] S':J rx ~ 0 fr5j~~Jlfu7JA cp '&±J111¥ 7G 110 pJ 192 ffl ~~ $ J.Y!i(:;fU {t~ S':J * 
ji't ![/'.ltfl $$W,iff1H?:: s':J ~~ ,121ffiat$:it:: 1tw s':J $Ji't![ /'.ltS{] ~ ~ 1Jp_l fm5E fjf$;. ( {JIJ ~□, ~ ~t.$ 
i!tfjf$) 0 

[0184] fr-W#J57 2' &±:El¥ )Gl 10 PJ £¥Jr fr-W JJJ570tiJJ!S':J $~i#3~11.£ 0 &±:El¥ ]Cl 10 PJ {f ffl 

£ r§'J JJ\.tlt$ * I iJr tiJ J! fr-W ~s 10 ;J;Jg ~ R':J $ $~ &%1?::, {3t:f.Jtt */]\ $$~ Ji!%1?:: R':J ~tii .8 R':J 1m ,8 :z. 
['R] s{] Ji!Q~dk1}T _t TiaffiitB':JftQ ~dio {J~~□ 'ftQ~dkPT%=AO. l*iUO. 3*S{Jffi[E ~ 0 &ill¥ 7G 
11 o PT {II'.'. ffl :J1M?ZI 00 tt ~ ~ r! * 'l'l~.J"fr ttJ Jt * $W,i ii 1:2 , ~PT;,: 4 .xt Jil r * $pij ii 1:2 81 , t/, * /'.lt 81 ~ 
i I Ne~ fPJ .S.s o~P, ¥r*/}\$$W,iJi!%1?::s':l ~tii,12) o 

[0185] fr~#J57 4, &±:El¥ jcl 10PT~rfr~#J572figJ!s':J~ffr$$W,iN1H?::*liiB5ElW~ ,8 (L2} 

~f]f (x1, z1) *:it:) ◊&1:El¥JG110 PJ)A~itfte~ fPJ.mS1xHIXiru§fiL8 ,ff _ftiru§i,8 PJ55iru§ifte~ 
:f P 1W §j st ['R] *ij* 0 r p~ m IE pJ fA 10 *IU 20 * B':J 1W §j ftQ ~ pJ it. J') $$j),lj200 B':J J!B[ if Pru §j st 
r'sJ s':l *ifR o 11,J~P, ll:ii~ *$jJij200 s':lit/'.lt~$1t£, iru§j' Ee~ m PT{Jl,x1J\ c fy1J~o, 1t:¥1Jiru§i Ee~ :it::¥Ur 
~~> 0 m:tmPT JAo. s1!b:¥U1. sf!bs':Jiru§tBt rsJPT 55fr.$$W,i2oocr ~~ ~Mufw1@t§*ij*s':J~~gjtg; 
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1" f~ *Ll £f B':J t~ fol (m ftu Ji!~ Nj t~ *Ll £f B':J An rPJ ix&) JJJG & l:t O 17Ll ftu ' Ji!~ Nj t~ *Ll £f B':J An rPJ ix & B':J t~ 
:fu□.PT ltx'. tk:rfffiuA1r)f:Ef 8"J wm, !FtrPJ ¥fz:i}J~J;f' i~$1D!U [P]i}J~' ~ 0 83 JIL JE~Njt~$U:Ef 8"J A1r:rPJ ~ 

fl.8"111 :fu□.~A' rirnta1 i'8J ~9;R 0 

[ 0186] fr iv ~I 5 7 6 , ~;ff¥ JG 110 PT£ T fr iv ~I 5 7 411Jrni O'J rrrnt ,8 * ,tiftl 5E An: rPJ VR & ;f P 1$\ An: 
-¥$4- o~W¥JG110PT31U1it•fir§Jlt~ 8'1 lxiE w (1YUftD 'arc tan (x1/ z1)) *11i5EA1r:rPJi~& C 

~w• 5G110PTitfffiBAn-¥fn4-11mlE'.7'JArubJ VR&tP r§J JJ(-'ft~tutt:fu□.1'r-Hl~t-R o ftp~ ~u§i Ee 1~ * 
~Tr~~' Y!U r'§'JJKf-t~mUti:fu□.PT~r: (2/fir§iP1i'sJ) 0 ~;!:tB1T31:' r'§'JJK f-t~mUti:fulPT~r: 
($$pij200 s"J 21ir3i&/fir§i Ji!e ~) o 

[0187] III 5F tE/J' t±:1 -~ 0:ff 8'1 ~ mn:1f 5f::t§ ~fjl: 8'1 ffl T ,pftj !Elm$ tE ~ ~m 8'1 /J'1Yu ·t1rlf¥ 
500F0'1¥Jrt,f¥III o friv~J580, ~:£!¥ JG 11 OPT 11ftl5E ~frr $ ( fyrJftD, 1Tmfr$ffi2ooz..frJO"J $!fpij) 
* ij* 8'1 .@flr[ 1~ }~, 0 1YU ftD ' ~;£!.JG 11 0 PT 1f ffl _t TiiJ ~ i:r III 5A;f P III 5 B m 5£ 8"1 vtf: * ,pfiij ;E fir$ 8'1 
ff[jl, ~N ( 1Yu ftp 'h ibJ ;f P~m') ;f P /~ JJU~N O ~;£!. JG 11 OJ± PT ft ffl _t TiiJ §:a i:r III 5EtM 5£ 8"J tz 
**11m5E ,t~g;,tjJiJi!t$r.ms1:, C!5$lW32oo*ij*01> ~u §i ,si:?f□/~tiHtf$Z9JH]ti2k c11uftn, m 
'!'- -'1-. ± "7 rrn Ah r;t/z '7- Ah tr=I c1:f) J&l'JU +7K-9;X.P'JJtt:d.:r.P'J~ .;.ti, .. , 0 

[0188] ti:-W~f 582' ~£f ¥JG1 lOPT 7J\.tfrtl:-W~J580,tijg5E8'J .@flr[ 1~ ,~, 011: ~1'~Jni!7JA 9'l, 
~ fl "13. JG 11 0 PT it. glH~ it$ 79] £Jf, m !5 JJJ% $ J:9133'.: ( 1YU ftD ' l{} 3g £Jf, m) z i's] 8'1 Ji!e ~ 0 ftD ~ l{} 3g £Jf, 
m8"Ji~Ji!e1~ 81:h &~rltm JEl~fl'f (1YUftP' 3§IiiliJi!% L7']0. 1*¥Uo. 2* '~N~ ffE 8"Jililf! _t 7'J 
o. 3*¥Uo. 4* ,:ft _§J!tl!J~ffti 8"JjJiJi!1U:790. 5*¥Uo. 6*) , ~J:!¥JGllOPT11i5E: frr$PT~~~ 
m O frtt 1~u~ $1" $$W3 ff ill fr $lpij 200 zrrr 0"J -rt ,5t r , ~w • JG 11 o PT 1:t tx !5 4i1"' $$jllj *ij* 
R"J £JHI ~ i}J Ji!Jf; m O ~Ti~ l:t $1 ' ~;£!. JG 1 1 0 p Jlim ;E : £iHlit$ i}J Ji!Jf;m !5 ;It B $ $W3 R1 £JHI~ Z9J 
Ji!Jf;m~ lZ1 Wcs1 $$j),ljPT~~~m O ~rl • JG 11 o PT ;1j Jr~~ c !5 fir$ *ij*B"J> tlttit$ Z9J N*m s1 ffti * 
!5 fir$ ff ill s"J m ~ rx: ~ s"J tm ~Jl ffti $1:t tx< o tm ~Jl ffti $ PT f)Jfu OO l11: W ( fyrJ ftD , tt 00 l11: W w 16 o s"J 
JttE) 'J§ Ji!$$ J:9133'.:' ;It B $$jllj8"Jfi 'tl~i}J NJf,m' * Tii't H%8"JJ.fil~ ~Pi~~z 9'l t~!IX O PD *fi•~t 
f$i}JJi!Jf;m!5mlfilX~B"Jfw1Jl ffti $81 ffti$&~tltw5El~m, !l!U~W¥5Gl 10nHm5E: fir$nHJt 
~mo 
[0189] fr;jj~~Jnl!7f33'.: 9'l, ~fl¥ JGll OPTfrA1-zis:S1 i'RJ ~ ( 1YUftD, o. 5,fy ¥U 1. 5,fy) pg i~fir $ 
6"1 gy,f: S1 ffI Ii !5 ( !5 /44W3 2 o o * !j:j 6'1) fir §j }2 l:t tt o PD *fir¼ gy,f: S111 Ii !5 fir §j }~( :tJsJ 61 !Le ~ fr 
A 1-z!s: S1 i'sJ ~ :l!Jl i'sJ ~ 1t , H _ft~ 1t 81 ~ 11 i;t 5f P ,fil rl tm JE'. I~ fl[ ( 1YU PD , ~ J[ j-i,t H! l:. 79 o . 3 )[( iU o . 4 
*, ~Jt~ tl±J Et':J@HZ. ...t790. 7*fUO. 8*, :ft _§.~Jglj~ tl±J B':JJ.!1HZ. _t791. 3*fU 1. 7*) , !l!U~W 
¥ JG 110 P Hi 5E : frJ $ PH~~ ilL fr ;Jj ~ ~ Jni!7JA 9'l , ~:£!¥JG 110 P Ji!lb1 ~~ l{} 3g Ji!Jf;m ff jtJ: 8"1 
00rPJ~~!5-~it$Z9J~m~fflMffti$~tt*%~-~~Z9J~m~AW%~ 0 fflMffti$~~ 
PTtlH!rTiiJB"Jit•*,pJl5E: (8z2+8/) /2/ (ox) ,:tl;9'l8x*/J'ffillB"Jf~UrPJJi!Q~ ,# _§.8Z*/J'ffill 
6"J~JrPJ !Le~ o PD *ffills"J i~U rPJ fte ~ !5tm1Jl ffti $z..i'sJ 61 &~rlfm5EI~ 1.!li ( 1yrJpD, soo*¥U7oo 
)[() '!l!U~Wf!I JGll 0PT11ftl5E: rrr $ rij~~~J§ 0 fr;Jj~~mn1f31: 9'l '~Wf!I JGl lOPT %tfrfrr $ 81 
falio PD~fir$B"J{v:li=rtw. 7@HZ.$rvh~ (1YUPD, fir$1iw.fr@H,Z.$ri;h~s"JJIJJ$) , !l!U~:£!¥ 
JG 11 o PHi 5E = rrr ti= PJ ~~~m O frfrr ti= s111:'I. 1i 1~ yj ~ ti=trMJttt 1NHfI r rrr ti= zmr * .ft W3 ~ ti= 
$~s"J£!tlit$Z9JNJf;m~fff 81'twm r, ~fl¥ JGllOPT11Jl5E: C~tim:B"J) fir$PT~t~mo 
[0190] frti?#i584, ~J!ll:¥JG11 OPT ~rfr-W#iss2tAff 6'15Hfr*11m5Efir ¼200~~~mo 
Wu PD, ~Wf!I JG 11 o PT ¥r fr& #f5821Afr 81 ~1"?ttfr 81 JJPTX f :l:)J *1t!l t±:l 11ftl5E o fri6tt 817f 
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~~ r, 1JU~u, ~:flJ¥i.5G110¥rt~5E~~B':171"-ttr1~{ t±:1 s~ mJ$PT13t~m:B':1 ,:k:5EPT f&71"re1-1 
"1" (rm "o" *~ ;iii§ JElW $,1, PT13t~m) 0 ftZV 1f 582tftAT s{] ,,-j, lrciJ 71"-tJ-r PTtEz-½'-Wc/f, lrciJ s{] ;j;J.]i '* 
H03fS{]~~~A3f~~rffW~5Effl¾S{]*~~tt:ic:u 
[0191] 006~:,J\rk ~03f[l{]~~~Aif§-¥J:O{] ffl r £T id,$:00 {t5HJr*rj:_-1' E!X~ 1' 
-@JmurtJ @s{] /J-; fYHiMf¥6oos{]vfEf¥ oo o -tEzv!JJ610, ~:fl• 5L 11 oPT ~.£ rn JjctAlHt □ 12s:tiq~ffi 
-;fpffi= :;t1'001lo15U~P, t11t5"-tE0011~~:Z-'¥L 5Gl 20 cp 8{] ifBiffL (m~DJl~l\\1J,m202;fP2048{] 00 
11tm$t~.ff 122;fP124) PTtm$t$$pij200lW7TB'J l_i±:glts{]ffi • ;fPffi=$,t 00 flff Jirj_JJl-"f=J!:ti 
(1JLJ~Q, USB,:Xt~ ,fil;f, ~~) ~~ffi-;fpffi=$,t0011~J!JLl~:flJ¥lJL110oft-®~~~A 
cp, ~;J.J¥l5Ll lOPT~ESM,tQX~$~'~ffiSti D :tiq~ffi-;fpffi=$,t001lo 03fB'J ~~~A 
ff~~rffW~~[l{]~ffl- □ ~ffiE!X~~" 
[0192J -tEzv1Jt620, ~:flJ¥i.5L110PTtPAT iL f-<$:OO fl5J"tJrtl~4o4*tA1Tffi-?fPffi=$,tOO 
-~iL~OO•*~,Ll~~$ffi@hiliM~-~~OO#H~~oo•~~~fil,m~$ili~ 
i~" $$W3 , fr A 3~H4H:if ,-:t , r'8'J 3! 0 !i!i t±:1 D lffi. :i:i1L ::0.:im J:J 31Ui m ~ , ~ o \,, {-<$: l1Hl 5t tfr PT *IIY. 
~ 1~ r _t TiiI t15 ¾ 00 SA~ 00 5 MaH£ B'J zv !JI B'J ~ :rt: ¥-l fr o 1JLl ~D , ~ :fl l¥L 5L 11 o PT¥-~ fr iL {-<$: 00115J" 
tJrtl~404Ll~~mLlffi-lPffi=j;1'~11 ~ S'J{~mxt~ (,fjlj~Q, $ffi ,fr A, !i!trti ,j()ffl):J, m!i!tr 
m~~, ~~> ,¥r~tr11t~1t*M1Jt.t±:1f~mxt~s{]-=f~, * HtA1T$~1ltfrtJr, tiJ~imu_;:t*~* 
Em5E:!t~{~mM~8{] 'l!.{§l_K-'-f ofttAfr -1TIIT~zv!Jtst ,~:fl-'¥L5GllOPT~m*~ ffi-lPffi= 
$,ti&] 11pij~S{]{§,~,, rm~r:1¥LJ!k* § ·till&l1IB'J {§,~, o{JIJ~n, ~:E!l¥L5Ll lOPTtf M t±:ll~-tEffi 
-~ffi=$,tOOmm~cpS{]~~M~*~-~*-'f-~~~*~pij,t~M$tOOmvfE~cpS{] 
:tt'BJ!ltAs-=f~) R'J ~:§U ◊f'i=7'1 yj-~1JU, ~:fl1¥LJG 11 o PJimMxJil~M~ t±:\l~-tE$1"'1!l 1t cp R'J 
-,t~cr@~t±:1m:a~-,tcpQX~fflxtrt±:1m-tE~,toommEcrS{]xt~PT~~-tES{]~t~ 
5:lU*ft~{~mM~ ({f1J~D, it'§Mr $tW,i200) B'Jfirlt?fP/E!XJ!nt off1J~D, it'§Mr $tW3200B'11irlt, 
~Gt ;f P /QX)]Q ~&PT¥ T ~ t±:1l~,tE0011 tis{]-~ E!X m ~ cp S{] MZ<. ~ ij* s{] t~f.iE s{] $)1 m, 1irlt, 
;f$ i}J t'lf 'fi ~ ~ 31HJ8 5E o 

[0193J -tEzv1Jt6:10, ~:fl• JG 1 1 o PJ¥r-tEzv1Jt62otftAf R-J :frtJrlD-1 wta il-OO 4fs!i:i£R-Jtt# 
*1Afr -@fflr[ urtJ@ti:IR408' Ll tt:$$~200 cp rj:_-,t QX$,t-@!W[Uf/iJ@o f71j ~D' -@fflr[ uf/iJ@PT '§115 

~~, ¼il!t$1ir, ]Pit&~1C'~ ,it&~11:~, 1fflji)J, ~ o-tE-®~Jlfil~:rt; cp, ~~J¥l5LllOPT {\/:'.ffl 

})JAfrJ!ntlP;/JPJ!&tl~4O6cpfiiUS{]zliilJAs, Llrj:_-,tQX$,t-@fflJLU[w]@o ;Jjjj,, $,t~ffl)L 
Uf/iJ@PT ~St, }I[~ <JC~~ ~1f fnJ m,e. rm ~j:_ o 

[o 194J 00 7 ~~ w -'=J 0:ff s-J ~ lJfu~:iX:it'§-its-J tt1 r¥r xt- til oo 1ts{] 71" tH*rj:_ ~,t E!X 
$,t-@fflr[Uij@R'J:,J\fJLJ'f':EUt_'f7OOR"J'/JTE;f£00 oftZV#J7] 0, ~;EIJ¥l5L]] OPTt.£ES JJ:ffiSfi DJ 28:J'i 
Y~*- sg =if P* - $,too 1101JU ~o , '§ :t!a oo 11$t IIY. J¥i. 5L 120 cr s"J it'§t1 cm ~o ~ :rrl¼1Jm 20 2, 
2O4;fW2O6B'J 0011M$t~ltl 22, 124;fW 126) PT1m$t¼ffi2oomJ~;fW/E!X{~UffiB'J l>Z ±is{]ffi-, ffi 
=lPffi- $,ti!] 1fff Ht.£}5l-"f=~tf ( {JljpQ, USB,:3c~, 1ii;f, ~~) ~~ffi-, ffi=tPffi- $,t 
oo 1t~iEfU~:flJ¥i.5G110 ◊-tE-®~~n:r:~ Lfl, ~:flJ¥i.5G110PTt.£rn -,t Ll-13&11is:tt □ :ttlf5c 
m-, m--:lom - $1"'1!l1t o f71J~□, 001ttm$t~1t122, 124,126 cr s-J{ij:1"':l:)J PJ ~~~l}*s-JJ!l 
tAs:tt D m T ~ ~lJ.. 7L 11 Ojffl {§ ;1:ti O 03f B"J ~~~AH~ p~ r1f {PJtt JE B"J ~tAs:tt D flJ@ 
QXt,:/J,~o 
[019sJ -tE&!Jt720, ~:fll'j'L5L110PT *t:ri-ffi-,ffi=tPffi- g;,tooftLl~1muoo11~ s-Jt~fiE, 
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@PU$i!itiic,$$W3, ff A, i!i&tti,-b, r'§'J~0&tt±:I D @i/1, Jtiffi'YT ,i!i&tm~, ~o i~71"-tfrPT 
:~VIX~ 1~ T J: mi~ if 00 5Aif: 00 5 D ;f P 00 6 m j£ 8"1zv118"17J A 1A 1T O ,WU PD ' !xi w. 7G 110 pJ Mm 
- , m=tom - $1'00 ftq:i 81.J&1'tA1r ¥§i001171"tJr <1YUPD, ~rntAff ¥§i 00•71"tJrti~ 
402:lf H£T r.ffi§:aif005A¥.005Dfs!i:i£01.Jzv~J) 0 ~1~:l:tL !xl:£!¥5GllOPTxtm-tom=~ -t 
001t,m=tDm - $1'001J;fP/wtm-tom - $1"001ttPAT iL 1400.71"-;j;Jr ({JUPD, §:i?.EE1A1T 
iL 1ioo ft 71"-ttrtl±R:404# H¥r 1:: w ta if oo 61a1i:i£81.J ~ JJJ) o xt s. rm - , m =to/~ m - g; 
-t 001181 fttfr81 !xl:E!Fo81 {§,~, PT:/Jn Llm·ff O tE· ·®~fn!L1J:f\'.: q:t '!xlW¥5Gl lOPTtAff ¥§li 00 
fJ71"tJrloiL 1ioo1J71"tJrs1.Jrn.if o 1YUPD, !xlW¥5G11omMm-$1'001ttA1r ¥§i001i71"tJr 
(1YUPD, ~rntAff ¥§~ 001i71"tfrti~402) Ll.&xJ m=lom - $1'001ttA1r iL 1t001171"tfr (1YU 
PD, ti?.FR tft.ff iL {tOO 1171"tJrtl~404) o 00111lH~*.1'.122, 124;fP126Df.Jt1;Jm: C-filtt ;ltif§@:l:-fu,12 
;fPt.lJUm202, 204;fP206) pJ~uftiJxtm-,m=lom - $1'00.ill1T8f.J71"-tJr8f.J~~ o 03f81~JmI 
:h:i1'.:#~~~rt~5EiiJm81001ttj~~.11.122, 124lo 126, ~~xtm-, m=lom - $1'0011 
illff8"Jfttfr8"J~~ o 

[0196] tE-®~Jmijf:f\'.: q:t '!xl:£!¥ ]Gl 10PT¥rtEzv#l7lO;fP720~IIR:lf71"-tJr8"J0011*1f~ 
ff *~JE 10081.JilJlUi:it o :13:tf:81 ilJlH:itPT rPJ ~~tAJm:81.J F?l •tm~*.1'.122, 124;fP 126t~1~.*~;El oo 81.J 
~1ttt~~81.J t!'t /J-;~ 0 ,WU PD' !xlll "'3.5G110 PTEJl5E "tlf~urq:t" ( 15UPD '~~JE 100~ jf EJlJiliEJl5E t¥ 
tE $$W3~ ff A 81.J flH£) ;f P "* ili q:i" 8"1 rt 1YU o 

[0191J tEzv#J,30, !xlW¥5Gl 10m¥r J).m • ,m=tom - $-t 1&1•q:i 81.JM~1i¥U8111§ 
,~,*tt$~W32ooq:i r1=t.-1"~$1".@~1[uftilS.om1lm-, m=;fom-$1'0011 q:i 81.JM~PTI& 
?:k:r1'5-#l2sl ~, 1YUPD, $~001i q:i R"J&~q:i:r&11JlU Rf.Jx1~Rf.Jl31: §, ~~;fP:k1J\ o!xl:f!¥JG110~ 
PT¥ r Ll r {t1 t±:1 m tl : 0011 JJUi. if P 71"-t)ff , 0011 q:i &Jf 81.J ff ;i)( fJ[ ±m , *ffe'. 11H ~ $v! 81.J ix § <~Ht 
8"1 -1' ~$1"M~~~;[\ t±:1J.fil1±$vr q:i 81.Jf'1U1'. (f71JpD, xt~ t±:IJ.filsf.J$.iftsf.Ja 71"-r~, t±:1J.fil1±&1':13:tf: 
8<J$v!q:i 8"JM%<.8"J b~WU, ~~) , ~o 

[0198] tE-®~JmIJf :r:~ LfJ, !xlW¥5Gl 10nJJ!liUEJl5EJA -1'001ii!JH~:¥U81.J{1§}@,~JA;ttt; 
001i ;J!J! 1i ¥U Rf.J 11§ ,~, R<J -i31:f.%&%m tlNSi; - , ~=to~ - $ ~ 00 ft q:i Rf.J M ~1i JU Rf.J {1§ ,~, 0 

fYUPD, !xllJll.¥ ]Gl lOPT rn.if J).00 {i11H~*.11.122, 124if P126 q:t 8f.J&1'1i:¥Us1.Jiffe:!xlJJll.{§ ,@, (~ ii 
5llB1¥§~71"-tJr, 1', ft71"-tfr~M~811f{r1Hilif) ff Fl. EJl5E~~JA00111m~*.1'.122, 124;fU 126 
q:i 8"1 &1' ti~ B<J 00 11.¥. l.fil - iJ: 81 fJ[ Jltt tlfi ~ ~ ( fyU PD , $ itti ~c , *ffi'. :r& ilJlU $ $W3 .& ;It :l:-fu ,12 ;f P / ~ 
&·1H£, f&::r&ilJlU Jtiffi;J'.J, ~ ~) o !xl:E! ¥ 5c 11 OJ±PTt!F~i ~~1&:ffi~ 0011 ~ - tY: B':J 11§ ,@, ( 1YU PU,~ 
m8<J$:'f]#;J,tlfi~:kttjfr$:'f]#;J2008"J$:'f]#;J8"J$mtt~ .~~> 0 rnrlt,!xlW¥JG110PJ¥-=f~rtto 
~-~m~R<J~5E*m~Mffi-,ffi=~ffi-$1'00.q:iR<J~~ffl~R<Jm~ 0 

[0 199] 1YU PD' .@~J'[ uftij !551.PT -filt!$il~' $ m,1;$1ft' jJp~JJ[i:'3<:~' ~ 0 !xlJJ.. 7G 110 pJ ¥r tEzv 
!JI 7 2otA ff 81.J 71"-rfr ~JR J: ffi ta if 00 41' :i£ 81 tt #*;,:I+. -1" ~ $1" ~ BJL urtJ Jil o !xtJl:I:! ¥ 5G 1 1 o 
if PT fiffl fA1Aff~flt;fP:/JP~flttl~4061ii~ 81Ji1E, Llrlt ~1"~$1".@~JtuftiJS. o tE ~@~ 
JmI7f:r:~LfJ ,!xlW¥5GllOPT~r$$W3200~1f1nJ~-,~=lo~ - $1"001iV-J 81*ffe'..r&ilJlUM~ 
::t fsJ 81 if§ M {ft.I'., if§ M:ifil&;f P /~ ffl M :/Jp :ifil& % r It - ~ ~ $ ~ ~ ~1[ uftil !551. o $ ~ ~ ~JL uftiJ@ P J 
[BJ St, }l[~{~~j'tJtfffiiJt.§.if TTiJbtJ:t o 

[0200J "M1~5/4::m1i%i 
[0201 J * tJE 1 oo PTtl1~~~i vHf il}J :r;1J~5'ti, Ll %1 ilJlUff H ififl!E $$rJ3200 ~ $$W3200 81 ff Jtl::in 
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~ (17U~u, $mm.~) z:.l'aJ B'-J § EB S:>:i'aJ 0$mPT=r~$$iJl§B'-Jt~JE~tm1Jlffill&i1£# 1l PT Ji:;g;ti, 
icm.~ c f71J~□, m&! J:-.0"1 ~) ~*ti>icm.~ c f71J~□, m&!~m., m&t1it11i, tf1ti, 1Jit0"J $~pl§, ~ 
~) "f7iJ~D, JJ-iA:tm, ]UJE lOOpJ ~,k1twU~:1J□ $$pl§200 '7 ':13lW$ilm.~z:.1'8J81 § EB S:>:1'8J u)tt~ 
iv ,fr~®~1tf:r' *~;ElOOPT1f$$pl§200!j!}jrPJ ~firffill$mo1~f1J!U1$\f$mf~ !iti3f $m O f11j 

~□, tt$$r!§2ooelfil~~ m:1Till01-ttm r, lUJE 100PTpi1~ iltJJrPJ ~ m: pg flJ!U011ffiB~ C17U~□, iJaJ~* 
$pl§200811ftli'.1tz:. ~=rt:lli~m:81 pg flJ!U) o fp 79 §j~~f71J, tt~l11i Cm~□ iJJJ>1-:81 $, ff A~~~~ 
ff$ 81 A) ,ff fr r $ il ilJ!iJ 81 ti m r , * ~JE 100 PT tt$$pl§ 200 81 ,ff fr lli;Hi 81 Jj[S ilJ!U ±t :1Jn 1ffia ~ 
(1JU~o, iJaJIE$$pl§2oos11ftli'.1t1~ ~~!iti~:$:11,) o 
[0202] IIl8AIII~ 7 ffillttm&i800J:-.B1 $$pl§200, Jt 9'l pJ 1f ffl ffl ri9.11iJ$mf;"JJR# lltt:$ 
ii'!f;{J ,R p;j t!Ji!d1J:::$$p1§2000103f 01 *~JElPJfr! 0 ~DIIl?fr~' $$pl§200PT J=l:ff ffi~ $$pl§f1J!lj802' ffi 
~ $$pl§f1J!U802Neffi ~ $mf;1 JR81 o PT 12J, f;kffi ~ Ne liti 805 o ~1wt, $$pi§200 PT Jl:;g !5 ffi ~ $$pl§ 
fNiJ802tB&81ffi=$$iJl§1NiJ812, * _§.ffi=$$pl§fNiJ812Ji!effi=$ilif;")}R820PT 12), te:~=Ji!e 1~815 0 

12),~fqi-JJA, ffi· • $i1H"JJR81 OlPffi=$:i1H"JJR820PT!3~JEPT 1j¾$$pl§200ffill81 $:ii o 
[0203] ~ij[l'j'L JGl lOPTt~mm~f ~ij[l'j'L JGl 1 OPT i£ t8 Ji=rf=ri D 128fiY5(81 t8 III 1itt~~ 
li'.122-126~~ 81 ~ 'i'~ 1J*,b):gJEffi ~ $ii'!f;"J?F£81 OlPffi=$mf;f.J?F[820 o :t!R ;J'Ji!f~®':tJJTh7f 
A, ffi~ tp]]!f;")}R810;fn/wtffi= tp]]!f;")}R820PT EB pJ IB81 ip]]!JnFJi. (iZj·~□ :t~ictElf!TiiJ J:-.8"11$: 
~ ~ ':t ~> iP. 111J o 1j 5'r:tm~ ttH~:tm, ~ ~ * m: f;"J * 810 lP 1~ ~ = * m: f;1 *a 20 PT t11Jt &! TIIT 81 
&! m.~ ~ij: Eij o Y:J 5'r :rt!l~x ~ 1~:rth , ffi ·$:ii f;1JR810 lP /~ ffi =$:ii t1JR82 o PT 'EL 11-H:lfii::'. i?JJ ( f7iJ 
~□, ttiUD otlHf~®':tJJTh7fA, ~ij[l'j'L 5cllOPTiiUii9.11iJ~ilIT~BtB"J 9'l ,12*EJlJE~~ $ii'! 
f;1JRs1olP/~:ffi=+mf;1JRs200 :ttuiis~®':tJJTh7'fA, ~□ *~ij[•7G 11 Msz. iP.111J:ffi~ +mf;1 
}R810, Jl!lj~lll'j'L JGl lOPTm~□~r1t•s1 $m'&/i'.B[~m&!'&ii'.Bt*1ii•%=$mf;"JJR820o ':1§ 
fylj ~□ ffl JE m~i $ m EfJ ~ * *i ~ 11 ~~;It' ~7f A~Mi>~St , ~ n. JG 110 pJ * Irl~ f~ 7f A iQ 

11U$:ii'tf;1JR0 
[0204 J {& ~IJ!lj ffi ~$ii'! f-JJR81 O :tP /~ffi =$ii'! f-J }R820 nJ 'EL j:15: ~ij[ 1'j'L 5G 11 O EJl 5L ;lttE;t§ :tJL 
~:t~*~JE 9'l R"J - MUI~ 0 f71J~□, :ffi~ +mf;1JRs1 olP/~:ffi=+:itf;1.JJRs20R"J - tt:tt~r:iJ EB :ffi 
- $J~Afs'i5£o pff; 7 - tt:tt::tJ%~ $ii'!f;")}R810lP/~%=$mf;{J}R820, ~lll'j'L JGl lOPTtA 
ff i=JJL5Ei)J~t1!: (m~D/4::$pl§200B"Jit/t' f$\JllJ[lW1JN1~Jit$~Jbt1Joit/t) 8"1 $:~jHt• 0 pJ :lm:l:m' 
~ ij[ 1¥ JG 110 pJ :r& 11J!Uit ~ :tP ~ i)J $$pl§ R ;It fftli' f,!1[ rPJ ' ~ Bt )f P 1Jo ~Bt ( t~ ;t§ xtr $$pl§ 200) 0 ~ 

ij[ • 5G 11 o PT ill~~ EJl YE m ~ :ti r'§'J :tl ~ l2J, i~ 1-A $ ~, III 1i ~ !fZ B'-J fo!r ;;g fg .l~Ut-J~ 79 - ti S:>: i'aJ o 

[0205J ~~x, 1t79JJ1;Aj¥dtf:, $1py;J200 pJaffi~ $mf;1JRlPffi-.$mf;1*s10lP/~s20 pg 
t§xt @9'l:l:-iliffillo~TTiI, a~@-t1f%r, lfmlEJ~pJ 1iz:.~~~,R~~~pJff, m~□ ':1§xt~~ta 
t~f¥tErm&!El"J~flJ!iJB1St{~o EBJlt, PTf¥tEl2J, r'tw%, ~~ $$W}2oopJ~,R~~ff lU:l:-ili£ti:llr~ 
T /4::ii'!f;{] *~ 5j ~TO~~. JG 11 OJ±PTt~m:mEJl 5EiNl$79 /4::m ffila~ ~1tf: 81 ~ff 8"J 'tw%~ 
N~r$Tl!l1ZZZ-¥tt 0 

[0206] 79 7 EJlJE$mffif$1'.R1tf:~Nfffr' ~ij[l'j'L 5Gl 10PT +~mmEJlJE~T~$TM~825 
-fffrT $$]ffJ200!lffjfro17iJ~D ,5('j~825 PJ'E11'!5frJJ'!M!BOOJ:-.ffjtJ:B1 yj~ $$py;J, m~□1E($, -t+~ 
• ti$ 0 xtf 4ij:T xt~ 8 2 5 ' ~ ll l'j'L JG 110 pJ EJ@;E 1ffia ~ m Jij O {ffia ,f$ $k )fil pJ 'EL 1'15 EJ@;E fr ;tt 3 ru ffi 
iITTHftI 9'l xt~825~Ni~1ftr /4::$pl§20001tm5Emml l7'J o ~□ :!l~n.JG110EJl5Ext~825fftr~ 

i~f:v:r$$pl§20001tm5Emtm pg, mv~ij[J¥x110PTEJl5E= 79ft$$iJl§2oomttxt~s25, affi~* 

34 

IPR2025-00943 
Tesla EX1002 Page 243



CN 111027420 A 32/62 §[ 

mt15R810;fDffi----.$mt15R820 ~ ~ ~1f )E UJ$B':J 2: i's] 0 ftu:!fd9:1f kE/iJ$B':J 2: ['a]' !TIU'1cll-'¥1. 5Gl 10 
pJ tJtAf ~jg Oft□ *1f )E 1iJ$ S"J 2: i's] ' Y!Ll JJcll-'¥1. JG 110 pJ liJl )E fr$1W3200J:; x,f *825:ZJ§J S"J Me~ :ti 
Jliz.Ju te~1f kEwJ;B"Ja-tr8J~rtxJ*s25 0 ft□ *1f JE tJ;s"Ja-t r8J, !l!VJJc:EJ.-'¥1. JGlloPT JaiJJ~1tx1~ 
1iif$;tJli;tJ l;),~rlM*825o fif$:tJl'4tJPT FR JJc:f!-'¥1.JGl lotAff, 1i1f$~2ooo"Jf$i}JM~!J1!n rm 
§ff~ rm Mm: o 1JUfto, fffiuf$:t11Pf PT 1'::t"J 790. 15*/~ iLl o. 7 5*/fy o fffiuif$:tJlZ}J PTtJtAT 79fi1~fffiu 
tt:tJliJJ 8"1 ~1'::-tf 1~iit ~1=. fr$$W3200~ xt*s25zJsJ 8"1 rsJ Ji!ei:!U11:8"1 at 1~ oft□ *¥9:1f Jc ti8':l a1 
i'sJ, Y!VJJcW-'¥1. JGl lOPT fa qJtLJqJ (1JUftn, Wrl [P] tLJqJ*t3E230~:l2i~ --ff1§ ~) , ~ f§ /aqJfffiuf$:tJl 
i}J O 

[0201J fr794ij:1'x0·*s25i&5E:'H·4ij:1'f!ifrrf$mmt)J;:tf§, JJc:EJ.-'¥1. JGPTtli¾fmuf$mm, ft1i ~ 
$~200~rlo':J~1'M*825{it~:ii:A{IJW[P] Ji!p /ft) 0 ep 'fif$:tJl'4tJPTtlll111c;i'x;fD/~tAff 79ft1f$ 
tW3200~ 1f=.tW32oomrts"J-Bt1'xt*s25z1'sJ s':l fffi.Ll [P] Ji!e ti!itlll~1'::1.t o 
[0208] jj >7r:l:-fuE\K fH\'.:l:-fu' x1*825PT ~j~{lJJ:X:~ffl'" Jt8':J $$Wj' tti,t~A C@ft□ ff A)~~ 1T $ 
::0.:im◊'1cW-'¥1.JG110PTEJl5E: ¥rM*8258':J~1':l;t~·rit¥fr$J:i:!fffiuf$~1tt◊ f7Uftn, JJcW-'¥1.JGl 10 
PTliJl5E: fto*x1*s2ss"J r'§'J llt~rlfmAEl~fl, iift□ Ji!efl!'.1Hfil10cm, !l!Vx1*s2s;tignx$mfffiuf$~ 
ftf: 0 l;),3:3: f~nrt, JJc£f-'¥1. JG 11 o PT :tzg±J!rnxrl1ftt tB i~::f ~ tB JJl$ m fffiuf$~f4 s{J xt*, @ft□ 11\14 
P¥ Jt o 

[0209J jj 5'r :l:-fu~ 'MH~:l:-fu, '1cll-'¥L 5G 110 PT :tiJ mnx~r B ;J;jjx,t*s 30 fr $$W3 ffi ~ f~Ll so 2 8':J 11 
n*EJl5£$ii fffiuf$~f4~~Z¥fr rffi $$W31D!Uso2 o § t~x1*s30 PT ~:tj5;tzg nx$ii fffiuf$~f4 
s"J~1'~$1'x1*o yj)'r:l:-fu~fH~:l:-fu, § 11Fx1*830PT::fttgnx$mfffiu1$~f4◊17Ufto, § ,l;jjx1* 
8 3 o P J l;), ~ 1!r 31:! tJft ,:t ~ JE -wJ;:@ fib ff ill$ 31:! ~ JE l;), ::f ~!Jf ~ ~ 1-: R"J ;it TI xt ~ C ::f ti0 JJ¾ $ 31:! fffiu it$ 

~ftf:) 0 JJc:fJ.-'¥1. JGl 10 pJ t10ii!rnx ft□ *3:3:W B"J § ;j;jf,5{1*830fN:r& iffi.Ll !l!Llii tB taii $31:! fffiuf$~f4::f 
f¥{£o 

[0210] JJcll-'¥1. JGl l0pJ:figfumi3l:1i$$Wj200fr:itt, ft1i ffi~ Ji!e ~ 805;fDffi=Ji!e ~810¥*::f 
~, l;),~:9'c.~1it'#~:@ti!ix1*825o f7Ufto, fto*$mfiila1$~14Z¥fr-f"ffi~ $$W311J!Uso2, !TIVJJcll 
-'¥1.JGl 1 o PJ:figii!i:JJ¾i3l:1i$$i!i32oofr~~ $mt1:Ws10;¥0~=-+-mt1:Ws20~ 1f:itl:, ft1i~~Ji!e 
/ft]805:Ar%=Ji!f1/ft1815 ol3:{JUft□fr008A9'l oo~ 0 fH\'.:l:-fu' fto*$mfffiu1$~ftf:Z¥frr%=$$w,j 
1~us12_t, !l!VJJc~-'¥1. JG l lOPT iLl~~tAffi3:WB':J f/ilaf$mm, i~{Jilaf$mmtlll:tigm:nxi~{II'.'. ¼$jJJ,j200 
frffi ~ $i1H"J }RS 10 ;f□ ffi=-$ jiH"J }R820 ~ 1T Jtl:' ft1i ffi ~ Ji!e ~ 805/J\ T ffi=Ji!e ~ 815013: WU 
ftufr oo sB 9'l oo ?f, o 
[0211J fF79yj~?f,f7U, 1li31:s"1$1i!i3PJ1ftr $1i!i32oos"J~1inu, * _§.ff A pJfftr $~2oos"J yj 

~flJ!Ll ofrl3:ttR"1flJ%r, *tJE 1 ooPTEJiAE: :!t,R~~1J\$$w,j2oo~fl1f3l:R"J $$w,jzi'sJ R"JftQ /ftJ, l;), {f: 
fr$ $w,j 200 ~ ff AZ i'RJ tlfi¾ ~ $ 2: i'RJ o lzsl .ut, JJc:fJ. -'¥1. JG 11 o PTJ'x 13!'. $$~ 2ooff :1tt, 13!'.1i fl JJ'x s"J 
¼$jJJ,jZ, ['a) 8':J fe /ft) ~lj\ o 

[0212J ffi ~ $$jiijflJ!~so2foffi=$$rJ§iD!Us 12s/,JiQ§IJ 'rm~::f ~ffi'r~B-J, 1t1ifr::f fPl S/,J at i'sJ ,8, 
JJcll-'¥1. 5G 11 opJ~; ffi ~ $$jJJ,j{IJ!Uso2iQ§IJ 79 $$W3200B-J ~!Ji in {IJ!Ll~*~flJ!Ll o {JU ft□, lt:Z 1}-;:-f-~1' ~ 
$~.x1~s25Z¥fr r $1paj200 s"J PJJil~finU, ffi~ $$i!i31inuso2S"JiQ§IJ PJr''x~, 1t1ift□*¥rM~ 
825f¥fr~1' $m{Jim;f$~{4' Jl!Ux1*825t'ffrT%~ $$w,jflJ!Ll802L O frJ3:ttB"J't#% r 'JJc:fJ.-'¥1. 
JG 110 pJ -grj ~~ tA 1T 13: ff B':J fiila it$m )Jf; , i~ {iila it$m !Jf, ti ;j;ig m:nxi~ {It'.¼ $jlij 20 0frffi ~ ¼ m t"J :m 
s1 ofoffi=$ii'H1:Ws20 ~ ff Jtt, ft1i1'::rffi=li!e ~s15s{Jffi~Ji!e ~so5titJJ [P] x1*s251lfi¾ o 

35 

IPR2025-00943 
Tesla EX1002 Page 244



CN 111027420 A 33/62 §[ 

[0213] i'[UJis-®':thfil7JAi' '=1§$i111JilUt1k141ffrr~-$$W§fmLl802St' &±:Et•5cl lO-aJ ,g,J 
Jt ~* 8"11i fJ; ri:: m , i~ 1ifJ; r~ m 1tt1J m~ ¥fl ft*~ 20 oa ~ - $31:H'iJ *810 to~~.* ilH"J * 
820 pg ff nL 1t1t ~ - fte ~ 8051::t ~=fte ~ 815 J,:.¥& 1 . 2s1if O yj >'r:l:-ili~ ~1~:1:-ili, '=13 $m 1/rlufJ 
9k 14 # a r ~ - * $Wi fmLl so 2 r st , &1 ;I:!• JG 11 o -ar M ~ ~ .tJ': i1'J 1/iiil fJ; m JJJL i~ 1/iiil fJ; mm 1i ttJ m 
~¥J:ff$$W§2ooa~-$J1H'iJ*81olo~=*mt'iJ*82opgfJill,~1i~-Re~805rt~=Re 
,~815:1(.¥ &2{if 0 

[0214J a -®~Jlfil1TAi 9'l, tm008CJ=ifr~, &1W•JG110-arEJl1E$i~1ifJ1R14?Ittr~ • $ 
$W§fm~802f0~=$$W§fm~812pij ~ J: 0 ?.ti§'' &±:Et• JGl 10-aJ ttxJi~f)jijfJ;Jk{4'B1J7!~tt 8"J 1if$${:: 
m, i~1mufimmttttJm~IJ:1t $$Wi2ooa~- $mt'iJ3R81oto~=*m:t~*820 pg ff ill, 1t1t 
~-ftr~so5Jt:zl'( r.1$r~=ftl=i~815o 
[021sJ &±:Et• JG 11 o-ar;J;tJ:ii!i:~1i1i ffl rf$i}Jxt~825 l2J,,& ~ JLxt~825B"l 1ifJ;f~~1ft?t c 

Wt~□ , &1:Et 1¥L 5c 110 -ar 1ft )t; 1i ft mm , ~J {~H~ * $W§200 ~ ft iJJ xt~8 2 5 lo;~ mr -~ xt~ 8 25 zJsJ 
81fJi11Efte~ ◊&±W•JG200-aJ¥r~®$ilt~tE (~tin~ii) {ft;t;~ ®1if$1R1tt (fjt-y~®f)jij 
fJ;Jkmo~fil{ft;t;$mffifJ;Jk#-aJ~ffl~~$$a 
[0216] &±£l:l• 5c 110-aJ~%1ifJ;!n:;Jlj3~fif$1R{t:t=ft7'J :l!JJm 81 $Bi }2 'i~:l!JJm 81 lWBi ,e-aJ {ft 

T EB~- if Jit'iJ3R810fn~= ip.Jit'iJ3R820~~1E81ifJi819'l i'sJ&± 0 &:)::fJ. "'3.5c110-ar¥r$Bi 
,etPfifJ;!n:;!J3*it•:H~Jlfil1iflJ1$$4'c1ffiBflJ1$$4'-aJ fflr~r1iJm$$4':fP$$Wi20081.J 
:1m:ttftJ=1:rn~ t11x.1JJ1Ll.;.81 fiflJt$*i+•1R3;§: mr4-C &1w• 5c 110-ar fPJ $$W§20081n fPJ *tJE cwu 
ti□ , $it fPJ *tJE240) 2:ZJ!1R3;§:$4' o 

[0211J i'lHJis-®~Jlfil1fAi, ~ti□t.£EB ffl ?ft □ 170, ~ § $$JffJ200R11"!:~iff! Rf.JrifuJ\. riJttH~ 
&1:ft• 5c11001Yuti□, mf1rimA-arttH~&1:ft•5c11081:t~iu, 1y:f}E$$W,j2ooa;g-$mt'iJ3R810 
lo~=$mt'iJ*82opg ff ill, ft1t~-fte~805:1(r~=Ee ~8150 
[021sJ yj)'1,:1:-iliEixfH-\'.:l:-ili, &1:E1•5c110-ar;J;tJJS5:~¥T EB 001ttm$t~1t122tm$t81$1'0011 
*~~$mffif$1R#~~~4J:~?Ittc~m~ffll2J,rffl%,~~~r~~A~~ms"J­
t-~ $ t- xt~ 8 251Elii iJJlLl , ;fP /~ 3 32.xt~ 82 51Elii iJJlLl st '1tii iJJlLl R"J-t-~ $ t-xt~ 8251ft T 
RQ $mt~ *81 ffl5Eftf1 ~ 81 >1Hm~ 0 a~tF 81 ·twm r, &1:ft• JG 11 o -arttJm~IJ: f}E $$W,j2ooa;g 
- ¼-m:t"J W:81 o ;fU ~ =¼ mt'iJ *820 pg ff ill, ft1t ~-Ee~ 8o5~r Eix¥* 1: ~r ~=Ee~ 
8150 

[0219] tiu 00 8D 9'l 00 ?T, 8':J '$i:!11if$1k14-aJ ~t!S~ &i O &±:Et• 5cllO-aJttJ@/JxJi ft$$Wi200 
a~-$mt"J*810lo~ ----:$mt1*820 pg ffjtJ:, ft1t~-1Ee~sost§xtr $$]ffJ2oo~J:jfPJ ~M! 
R1 >'HN~, * _§_%=1m ~s1 st§xtr $$W,j2oo~JJ fPJ ~ &.&R1 pg fN~ o wuti□ , ;g-JEQ ~8os-ar 1J\r;g= 
JEQ~815o 

[0220J oo 9~~ 0:3f81.J~Jlfil1f:f\it§-J~81?I1it~ 14o;fu/~ 15081?T,f71J·ttt1Ioo, Z¥1it~ 140 
tP / ~ 15 o -aJ ?I fi:11 J=llT 1A ff-1' ~ $ i'"ff 11' 8111ft 4-o ti□ 00 9 9'l 00 7T, 81 , ?I {it~ 140 -aJ ?I {it ffl r 
tA ff 4 X ~ HBt 81 $ m 1if$1k{4,r& 1])1~ ;fP ~[/ij@ sf.J-1' !lx $1' +1:1:* 0 lYLl ti□ ' ff 1i1 ~ 140 pJ ff {it$ 
mt"J 3Rtl~91 O;fP$m 1if$tl~920 c@ffl &±:£!~ 180;fP/~ 0011&±:E!l!.H 190 PHAff ?!{it fr ff 
1iiJtl1R910l 0920 ( ~t!tE?IfiH 140 c:p) c:r 8111f/4-o :zls:1~l]JG1~:tA in ~%:flffl11' 81 ~, Ll r Wit xt 
£tn.5c11081.J 51 mm •J!R~~~1f!J~ffl&1n~ 180:fu 001t&1n~ 19001EJ.1JL 1f1PJ~.J r rlf* 
B"JW~-aJ~-1'~$1'&1:El~lt~ffo 
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[0221] $mt"J 5R,rf:l:*91 OPTff1itt~4-' 3 EB )[tlf-'¥1. 5Gl 1 OfA ff St' i~t~4-PT:r&imu ff _§Ji JE 
m~ $ilH"J*81otom ----:$ilH1*820 o 1}Hm, $m 1ffiHfJ;iJ:Jt~910PT )[tltJJ-iE:&~,too 1tJi$t 
~:'ll122-124tiYXi¥1$1'0011' Ll:r&iNum~ $mt1}R810;fom=-$il!i"J}R820 0 ~OJ: Tiihiii 
D"J, ~PT 'E1ttiQJJIJrlrJt1~D"J $ii'!~ ;fO/Elx:1m1J.m_lI~ ffiD"J 9'l ,8 o 
[0222] $m 1ffiHfJ;tJt~920PTf¥1itt~4-' 3 EB )[tlf-'¥1. JGl lOtftAT Rt' i~t~4-PT:r&iffi.U-$m 1ffiHf$ 
1k1tf: 8"1 ff frf0 /Elx: iQ YJU $Ji 1ffiH,f$1k1tf:~ ~ ff fr Tm~ $$W11NU 80 2lP/Elx: m =$$W11NU 8121: 0 f}U 
tm, $itffifJ;1~~920PT )[tl!$,t 0011, Ll:r&iJJ!~M£t82sZ-¥:arm -$$W1fJJ!U802to1Elx:m=-$ 
$W11JJ!U8121: 0 $m 1ffiBft:ti~920PT )[tlf $1'0011, Ll:r&imu-$$rJ§2ooffjiJJ1m:JI! 9'l s1~m: 0 jj jr 
:1:-fuElx:fH~:l:-fu, $m1ffiuf$ti~920PTtiYX* ~ f~~fffrX~-£t825;f0/QX~ aE $ms"J jj~:fi~Elx 
;It TI* ~JEO"J 18 )~, 0 $ii'! 1/iiil-t$tl~920 PTtAff t2i>ff!iJ' Ll ~)(~it-$$W3200;t§ xtrm ~ $mt"J ,R8 l 0 
lo1~m=-$mt"J*82os1 fiz::'ll O 1}u~o, ~o5'!$m 1ffiB-t$tJ~920PJlJE-$m1ffiBft1kftf:1R :am~$ 
$W11NU8021:, !nU-$mfffiB,f$,rf:l:R:920PT 1:t$$W3200,f$iJJTi-~Jt::llim=-$ijt"J}R820o jj~:hffi, ~o 
*$ii1ffiB-t$im~92011JlJE$ii:! 1ffiBf$1k1tf:1R :am -$$W11JJ!U8121:, !J!U-$ii1ffiBf$t~~920PT 11$ 
$W12oof$iJJT~ :~Jt:Jlim~ $mt"J}R81 o o 

[0223J F?11 o F?l ~ 7 ~ 0:rts1 ~irurn:a: t§ ~iis1 m r~~t-$$W32oos1ttf¥1 ooo O ttf¥1 ooo 
PT t?-YJIJ ~i JE 71F$W31TnlJ11T:itl: 1Fms11Fmr1* 0 ttf¥ 10001'112£ = urtJ@ r:r&imu ~-m 1ffiB-t$1k1tt: 
mni1t $$W12ootr:itl:zi £1t::Jli~,tElx: jj~,t $m:t1*, m~om~ $i~J1}R810Elx:m=-$m:t"J 
}R820 0 Ll~frJt1nt 'ttt~lOOOpJ m r:a-$i:i:!t"J}R 17'1 ~!J1$$W3200 Ll1z.1g )!tpJ~~£1Jt~11$ 
$Wj200:am~-$i![t"J}R810;fOm=-$mt"J}R82017'}f${iz:S{]lf~l3]~ 0 

[0224J :a-w~i101 o, ttf_% 1000 PJ'Elitili" :1im~&~~oo1itt$t~J1122, 124lO/Elx:126)K$t 
!R-$$W,j2oorf~ :llil~)]XS{] $1' 00 ft o f}Ll ~o, )[tll-'¥1. JG 11 OPT i:~ EB J-11:IHi D 128fiYX$1'0011 o f}Ll 
~D ')[t~. JG 110 pJ 11:Jm:JJ¾11Jl JE ~,t Elx $ ,t M£t8 251-¥{£ rm:ii 81 ~ 1NU J: 0 f71J ~D 'M£t8 25 pJ 
Ll~1~-J5J:Elx:firltl¥J $$jllj,±l£Elx:A (if~off A) Elx: g ff $5tiffio)[tll-'¥1.JG110PT~Txt~8258"1 
~@ttli*PJl5L-$m1ffiBf11k1tf:~~fffr o17Ll~D, )[tlt-'¥1. 5Gl lOnHJl5t': ~o5'!xt£t8258"J /B'J Bt~ 
iifm5E ,~J fJ'L m~DJi!e~!TIIT 1 0cm, !J!Uxt~82fit1:J fJ>Z$m1ffia-t$%1tf: 0 Ll~frjt:1f;rt':, )[tlf-'¥1. JG 110 Pj 
t1:JmJJ¾tt1m t±:l~g~~t±:IJ~-$m: 1ffiaf$1k1tf:s{] xt£t, m~o 1}1tt:M~ Ao 
[0225] 'h fr:1:-fuElx: ~1~:1:-fu, )[t~- JGl 1 OPT1'1:Jm:JJ¾~T § :tixt£t8301=t¼-$W1m~fNU8021: S"J 
1iz:li*EJl5E-$il't fJijgf$1kftf:~~Z-¥:a rm~ $$W1fNU8021:. o § :tixt~83oPT Ll ~t1:JJJ¾-$Ht fJijgfJ; 
1k1tf:S':J ~,t ~ ~i'xt¥t o jjjr:1:-fu~~1~:l:-fu, § :tixt¥t830PT~t1:J ht$m 1ffifff11k1tf: o 1}Ll~U, § ti 
){if~830 Pj Ll~m~!~:l~~Elx:Tiril:itti;:t o)[tll-'¥1. ;cllO pJt1;}mJJ¾: ~D5'!~:t¥:s"J § :tixt~830f,&'.{& 
iN~JJ!UTi t±:1 taii$m {Jilaf$1k{tf:~Z-¥fr 0 

[0226J :a-W#J1020, ttl1t1000PTtlHJis$-"i'OO 11i5MJE :a*~ $$W,jfJJ!U802s{J;g~ $mt"J}RifP 
:am=¼-$W1fNU812s1m=¼mt"JJRoiYIJ~o, )[tlif-'¥1.JG1 lOPTt1:JmJJ¾~ri:£EBltt!iH# u 12s:tf,§q5<: 
s<J $,too 11 * EJl 5Em ~ $mt1 }R81 o tom =$ji't t1 }R820 o 
[0221J :a~#J1030, Ut¥1000PTPJl5E-$mfffiafJ;Jk1tf:~~Zf:arm~ $$W1fJJ!U8021: o Po5'!$ 
m1ffeuti%1tf:PJl~Z-¥:arffi~ 4"li#31JJ!U8021:, mu:a-w~t104o, j:jJ_%1000 PJ'ELtrS = #!l:11$$]!13200:a 
* ~ $mt"J }R81 O;f P %=$mt"] }R82017'1 ff:itt' {~Ti %=Ji!Q ~ 815 + T % ~ Ji!Q ~ 805 0 )[tll-'¥1. 
JGl 10PTt1:JmJJ¾lHt¼lpij200ff:itt, {tzim~ie~805lUm=ie ~810~*1:~[P], ~JJ&i%Elx: 
fjJ~ ~fil~ xt~825 o f}U~o, po*-$ji'tf!ila-t$1k1tf:Z-¥:arm~ $$W1fJJ!U8021:., JJ!IJ)[tlfJ¥1.JG110PT 
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tiJmhxJ&ft $$Wj2oottm~ $.mtf.JJRs1o;friffi--.$.mtf.JJRs2O ~ ff ill, 1t1t m~ft12 /i;/J8O5Ar 
ffi ----:b!e ~ 815 0 ~ 1}U:t1DtE00 8A 9'l 00~ 0 IH~:l:tL :t1□ *$31:i 1ffiU$%dt:t:Z¥tErffi----:$:$WjflJ!~812J::' 
JJ1U&tlt• 5c11O-art1JmAAI!i:1t $~2oottm~ $.i!H'b*s1o;friffi=$i!H'b*a2O ~ ff ill, 1i1i 
m ~ Nr lit1 so51J\rffi=Nr lit1 s 15 o ~ 11,1:ti□ tE oo sB 9'l OO /J\ o 11,1:ti□ , -'faJ T 1IHA1H.tt¥1 ooo~BJ[-$.ffi 
200, &±JJ.• 5c110pJ friJ $$Wj2OOS"J111JiLfJn22O, iffUi}J ]UJE23O;fP/w<:$~[ri] ]UJE24O 9'l s"J~i'w<: 
;t1'1ZJ!~ r{8-'% o 

[0228] :tln*-$.il {ffiU$1K{tt:/fZ¥1=trffi -$$Wjf1J!~802J::, Y!Uttiv~f 1050 9'l, 1TitPT Bt!: ,lifiij 

IE$ m {ffia1$1K1tt:~ N 1¥1± Tm =$.tfjffjflJ!U 812--1::: 0 :ti□ **m {ffia1$1K{tt:Z¥ 1± Tm= $$Wj flJ!U 812 
J::, Jifr5£1fitPI Bt!: i!i:{f $~2ooaffi~ $.mt"JJR810;fPffi=$.mt'bJR82OZJ8Jffill, {f 1l 
ffi~ftp /i;/J8O5lj\-yffi=ftp /i;/J815 o 

[0229J ~~$.tfjffj ~BJ[¥1JiA$m 
[0230] * tn lOOPTt~f#~#~ 17Hm .§}JJ}J(§t·[·rt' ffl r ~ ~IJ!U$$Wj2OO1=E'3 ~u-ffill-$.ili 9'l 8"J:l:-fu,!2 * 
1l :tin* ':13 AA ff ill$ ii:Jf ~ r: fJt! JE s"J J;iciA ff ill$. :iiJl!U 1f $$Wj 200 ill A fJt! JE s"J J;ic iA ff ill$. :ii o fm 
IE s"J ~{A ff ill $mPT ~ ffl ?rim A~~;E;f P/~{f-'fa; &±JJ.JA¥ &~1' 00 fttm~~J! 122-126:J:l 
~'.II: sq ~ 11 s"J tff !IL 
[0231J * tJE 1 ooJ±PT-'faJ 1ftfjffj2OO8"1 ~JJ1ff! ;fn*~;fn/gx;l:t t: ~ JJ1ff! t~fJUP ~~ !Z"±. 1F~2OO 
ibJ fm JE 8q J;/ciJ\. ff ill $ili~ili8"J ifil ~□ o 1}U :ti□ , *tn loo PTtl±itJE {fl a fi~tI IX fo,ll21 o Z ~)i'.):~ 

~11:ilis"J ~ frjJ {§ ~-0 ½:Jr:l:t!I.~~1~:l:tL *tJE 10OpJ~:fln:i!!U1t~P ;g:36O/Z t±:1 i:g-if:i!!HO O 3 $$Wjff 
ills~-, * tfjffj 2 o o -ar 1i m * tJE 1 o o ~~t~ ;E * mn1rtt-'faJ tm ;E B"1 1;1c {A ff ill* m o ':13 * tfjffj 2 o off ill s"J ':13 
AA$m c,wu:tz□, ':1'iAAffill$m) ~ ~ rtmJER"J J!'1J{A ffill$mst, ~tJE 1 oo PH!i:1t $$W92OO1~, t±:1 

~m, 1}U:ti□, illAtITTJES"Jf)NJAfill-$.mo 
[0232] 001100 /J\ 7 {£mf~8OOBq 3 AAffill-$.ml 110 9'l ffillB"J $$Wj2OO 0 t[Hfis~®~]Jfu]J 
:rt:, $$Wj2OO-ar Jlif fmJEB"Jf;ic 1A ffill$:iter112O o Wu :ti□ , tITTJEB"J J;ic 1A ff ill$:iter 1120 PT~ ~:iter Ji!i 
800S"J~:tl $.mo ~BJ[*t;ElOOnJ t1JmAAEm5t'$$Wj200~Nffillatw5t's"Jft{A ffill-$.ml 120 
9'l, :ti□*~. !l!Ui!i:1t $1paj2OO2y:~¥ tmJER"JJ!'1J{A ffill$m112O 0 ,wu:ti□, &1JJ.•JG110 PJtiJmaz 
i~':13AAffill$.ml 110£ff~JEB"JfktA.ffill$.ml 120illff l:tt1, ff _§.J!£1~$$)JJ]200jg@I :¥UfmJE 
sq 1JiA ffill *m112O o 

[0233] :rlttfis~®~Jlm7JA, &ilJl!.J¥5cl lOPT~rEB 001Jtm~~Ji122-126 9'l s"J~1'~g:;1' 
~ IiX B~ g; 1' 00 {iDK t& ilJ!U tm JE Er'.! fl iA 1f ill$. ill 112 o 9'l Er'.! xt ~ 1 13 o o &1 lJI!. • 5G 11oPTifil:i11t ffl 

J:: 00 ~ if 00 5A¥ 00 5Dfs!i5£ S"J 1t ** 5l-:{,fr 00 {f! rmt& 11)!~$:$]#3200 ;j:§ xtr xt~ 1130 S"J ffIR;f□ :i! 
ilLtlHJis~@~Afe:1f:r\'.: ,&±JJ.•x110PT11iJE$$)JJ]2oo~NSi~~~xt* 1130o~PTf§tJ:tJl~R"J 
~, 1}U:t1O$$)JJ]2oofflxtrxt*113os"J:i!&l P/~:iJ□:i!&~tt~~1~1i o 

[0234] 0012A~1=i 03f B"J ~JJfu1f :B'.:t§~Jts"J Z¥1it:g 14OB"J/J\1YiJ't'Etl! 00 , Z¥fit:g 14O-aJ Z¥1i1 
m rtft.ff~1'~$1'~11:s"Jtlfi4- o :ti□ oo 12A9'l oo/J\s"J, Z¥1it:g14O-aJZ¥1i-t mrtP.ff *x 9'l m 
Ji s{] '* {A ff ill$. m;f P 3 AA ff ill$. m B"J {& ilJ!~ ;f P ~[A] s s"J ~ 1' !lx g; 1' +1:1:* 0 1}U :ti□ ' ff 1i1 :g 140 pJ ff 
1it':1'iAA$mt&11J!~1J~121O,1J{A$mt&11J!~tl~122o;f□i}Jft:tt~123O0 

[0235J ':1'iM$.mt&ilJ!~tl)~121OPTZ¥1i:tlfi4-, '3 EB &±lJ.• 5c1101'A1fst, i~tlf/4-PTt&ilJ!U# Jl 
~~ 5E'3 AAffill¼ml 11O 0 {71):ti□ '&±~• ;Gl lOPT1Aff 3 AA ¼m~iITTU~:l::k: 1212' ~), &±l111.JA¥!J> 
~1' 00 fl rm ~~IU 22-124:J::tq'.II: S"J $ 1' 00 {JJf _§. t& ilJ!t~ AA ff Jtl: $ J§ 1110 0 ~ pJ 'EL t!t& ilJ!~ $ 
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$W,j2oot§xtrmfilZ.800 B':J NZ.ili 3!INZ.800 B':J cp ,12 :tP /~$mtiic/i'm (mpun~t¥*B':J $m~) B':J t§ xt 
1:fr.R O :7lw • JG 110 PT jJUt 11 m 1: mi ta if oo s A~ oo so m :i£ sl.J tt * * ½'-tfr oo 11 rm* 1»1u * ~W,j 2 o o 
t§Mri~Jtsoosl.J{ftltu 
[0236] llJciA$m*ilJ!lj,fJl!;:i:1U 220PT #1iit~4-, =1'f FR :7.t:f!. JG 11 O:J'A:ffst, i~t~ 4-PT i5UWfiJ15E 
sl.J~iAtTill-$1!11120* _ft~~J;itiA$1!1*11J!Utl~1220~ EB ':1§mJ$la*~IJ!Utl~1210 U~jjiJBI.J ':13 
~u·1rill$ili111oill:ff l:tt1o J;iti.J_$ili*~IJ!U1l:l:ft:1220PT~r ffl ft$ifuAlP/~f.A.¥ .y~,1'0011 
tm$t*.ff122-1241lY'.SCBI.J $,t 001l*iQ½IJt~5ESI.J!;/ciA ffill$i~l 12001lfiJpn' m ftpJ :UUitmP­
~360tlY'.SCSI.Ji!1ritr4-~~iffirlmtl~~tEfusrtJMr320J:81.J*•*mtl1JtiA$ii'!o 
[0231J a~®~!Jm7JA cp, ffi5EBI.J~i.J\.:ffill$m1120PTLl:te~:tJ:ffill$m, ~~PT Ll:te 
J=l~J!.J!Ji!ftt~1if OI.J$m ofliijpo, !!'1JiA$m*ilJ!lj,fJ/!;~1220PT 'E1iti5i'~4-, i~t~4-fflri2!itlY:.iffi~ 
J!&sl.J $1!1, ~tlm:$$W,j200J!&tTillsl.J $$W,jSI.J $1!1:tP/gx~:J'tm:~,tttm: tr\ D gx-$~200 
ttt6'1bJ 81.J 1irili81.J $iliott~®~JJffihA cp, fm5E81.J!Jti.A :ffill$i~J 120PT~r f.A {ft:'1.1"¥~~ 

130 Cm pn ~ J3fi. JE {ft* ~JD ttyJc sl.J JyJM * Ejij 5E o 
[023sJ i)J1i=:tl~1230PTf¥1i=U~4-, ':13 ~ :7lW.JG11011~:ffsJ, i~m4-PTF1: iQjjlJ ':13mJ:ffill 
$ m 1110 :tP tm 7E s,g ~kiA 1T ill$ m 112 0 s,g Q[AJ@. 0 WU PD ' :£t;@.. JG 110 pJ tA 1T i}J {t ti~ 1 2 3 0 ' Ll 
a':13 iwtTill 1Fm111o~tm5Es1.JJJ-V1.1Till 1Fm1120::f tB fPJ sMwm rI!x: 111f $W,j200~1110 35 jr 
:1:-fu~f:!HU-fu, i}JfptJ±~123opJ Jai}J~ili81.Jiffi9;p, iiP□t!±nHf ibJ {1§ ~21o~~F"ti!1riffi9;□ o 
[0239] Z)(J11=:t~~1230pJ 'E1itj§-¥Jl:fl:7ir!.JG110Efiij5E$$W,j200~~ @.i~f$ t±:lf.ITT5ESI.J l/'1,;/tiA ff 
ill$m112os1.Jt~4-o 1lfiJP□ , l)}J{t,tJ~123opJEjij5E: tm5EBI.J1JtiA :ffill$m112ocp sl.Jxttu 130@ 
i~ EB $$i#J 2oomtt o 
[0240] i}J 1t:tJ)~ 1230 PT Jtl:~-W'E1it1-U!ll: 1~:7llJ.. JG 11 0E)l 5Eill:ff ~ii'!~~ :iz~BI.J t~4-o 1lfiJ 
PD, {±tA:ff~ii'!LlW, :7l~.-JGl lOPT~r1lfrJp□ {lt'.fflJ: TiiHaifftl 5A.¥ftl 5Dfs!i:i£BI.Jnt'1~ill:ff B"J 
$'1'001181.J :5ttfr*'il1t~5E:ii't Ntsoo B"J ~,t ~ $ ,tt~tl: o PD*:5ttfrt~~~:ii't 1K{tt: ~::f ~1:: 
BI.J, 91U:7iW.5Gl 10riJEfiij5E: $$W,j200@.i~1i.J~tE=imT$mlfl o 
[0241J iJJ1t-tl~ 1230 PJ'E1it~ mr~tJ.A$$!#]200Ll:tJLiJJ ~ff if□ :igfi:tl iUtm5ER"Jll'1JiA :ffill$m 
1120 (mP□mttxttu 130) SI.J$~jrt~4-0 ':13tA:ff~®t~4-st ':7ilJ..JG110pJ 1~ffi$$]Al]200B"J 
1t •iEiJJ * 1t • tm 5E s"J 1J1.A. :ff ill¼ m 1120 s"J :1:i h: o ~a~; r 'tw% r PT~g ~ 1§· lrJ s"J , ep tm 5E 
sl.J1JiA ff Jtl:$:ii't1120::f~l31itl79EB 001Jtm$t*Jt122-124*~1J!UiU o 

[0242J :7lw• 5G110PT-t1JmJJxJAfffif$tt~, i~1if$m~11$$W,j200J.)_ffiJE'.B':1 J;JtiA frill$ 
;gl 120fif$3'E!:f sl.J $m'./J/E&' ;It PJ ¥rf.&:*ilJ!U 81.J $iliti-ict0Li'sJ 81.J /Ee~ *1t• 0 EB 1if$ti:: 
m~~ 5:ERI.J fif$tfli}JPT EB :7lW•JG 11 MA ff, 111l$$]Al]200Rf.Jf$i}Jx1~!J1ffi TTiI Bf ~iTTiI1;f¼io 
fyiJpo, ffif$tl$PTAtf.JJ'Jo .15*/l'!biLlo. 75*/l'YotEffif$tfli}Jw:]!'RJ, :7ilJ.•JG1 lOPTtAff* 
§ i}Jft~:I:~ 12308".Jtf/4-, i~tf/4-tJJ~~E~lli '31W:ffill¼ml 1108".J cp .~ o~ ©;tfi4' PT 'E1it! IA 
E~lli w{fR'a,¥$ s"Jtm ilJ!iJ$ji't ~i.tJTMintiUE~lli ~ 1W1T Jtt$m 1110 0 ~l.tlriiintPT lffiii~~ 5E.J!Ji~ s"J iw 
§i ,12*icm;, 1:t1l::f ft iti:astrsJ Lf1 sf.Jr)(~$rY!tJs"J:rt$ CPTt':1790. 2s*/lf> o 
[0243J m r1l$$!#]200J.J\.tm5Es"Jl!'1JiJ\. :ffjtJ:$m1120i:Uts1.Jt~~ PJ m rfl$1paj200itt.it@I 
iLlffi5EBI.J1JciAffill$ii'!q:i o1lfiJP□ , :7ilJ.•JG1 lOPTt1Jmm;tAfffif$m~, i~1if$mm11$$]Al] 
200 IA ':13 mr ff ill** 111 o fif$ 3'E !:f ** m & , Jl PT ¥r i.sz:*1: iITT~ s"J ¼ m:tiic tm L rsJ s"J 1re ~ * 
1tw o EB 1ffiBf$mmr~5EB"J1fR'af$tJlZ)(JpJ EB :7lW1¥JG11otA:ff, fl1l$~2oos"Jf$Z)(Jxt~!J1ff\ rm 
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s -'-Fi~rm~t~o 1JIJ~u, 1Jila~:ti$.PT1:if.J790. 15*/fy fljo. 75*/fY ◊tt1Jila~;tJLi}J1JHsJ, ~:E11l.• 
JG 110 pJ tftA-r * § i}J fl= ti~ 12 30 S"J tl't 4f , i~ tl't 4f t)] ~ if: liH~ Ilia tJ! 5E s"J Jj-i,)\_ ff jtJ: $ 31:H 12 0 S"J c:p 
~ 0 ik ® tl't 1t PT 'EL tJS fJJi~ r\®: w 1Am f!P s"J rm 1ffi-~ $ i,~:;~ 1l jjJffi'. iu Ii!~~ rm 5E s"J ~ iA ff ill$ m 112 o 0 

~~tt~PTWtt~5EAAm~$-~*~~'~ffl~ft~tE~~c:p~~~~T~~~m* 
(pJif.)790. 25*/fy) 0 

[0244J :r±1t$tW3200:r±p};f ~$m:tJsJtt1Fx8"J~~§x :;t~7-V!Jt, ~:E11l.-'¥L 5G110PT~r §LJ"Mi ,12 
~ffl~m~**•*~~ffiM$~4t-fflM$~4tPTfflr~rfflM$~4t~~m~•ttM 
~B"J $tW3200B"J1JilaB1r:$.*it•tR~in4t O ~:E11l..JG110pJ[PJ $tW3200S"J${ [PJ ]UJE (1JIJ~D '${ [PJ 
JU;E240) ~J!tR~in4t o 

[0245J I!! 12Bl!I/]\ r EJ03f o"J~~:n:rt:t§~t~o"J m ri:ij-$ffi200-@Bn: ¥lI1JiJ\$m □"Jttti 

1250 o flHJis~©;~JJm:n:c\'.:, ufi 12sopJ EB -@B1r:JUJE 1 oo s"J ~~ gx:j; ~$1~ (ii ~o .¥ &~~~ 
:E11l.-'¥L 5Gl 10) ~M!!: o ttf¥1250PT iH11IJ$$W32008{] ':13 §U.ffill$ml 110# _§.i't z1=JrmJE8"J J;it-iA ff 
ill$it112ob~t1, ~,lifi§5E$tW3200~~ffilltEf.lt!5EB"J/11JiA ffill$iil 120 pg o ~n*-$~200# 
*ffill11:rm5Es"JfJiA ffill$m1120 c:p, mu~:E11l.• JG110PTt~1:t$trJ§2oo~m, 111~-@Bn:.¥1t 
i:Affill$mll20o 
[0246] :r±~1Jt1260, I!! 1ttilr~*I122-124c:p s"J~~W<$~ PT~~ 1F1r13200~11 lli:rx±Jvts"J $ 
~I!! ft o ~:E11l.-'¥L5Gll o PT i:2 EB J:l[:t!is1t D 12sttW~%'1'i!l 11 o 
[0247] tE~!Jf 1270, ~W.JGl lOPTtAff ':1§$$ii:r&1ffi-~1~~1210 ~:r&iffi-~# _§.~~JE':3$15° 
ill$ml 110oi5LJ~D ,~:E11l..JG110pJ ~;IJ.$~1!] ff,~ 1JIJ~o{&iffi,~$$r}§200*§x1rmN! lOOS"JN! 
:it13l~4t 100 R"J c:p ,12 ;r0/§x~¥iR"J +m:tiic1mR"Jt§xt1ft.i'.o ~;IJ.. JG 1 1 O Pj Wttfiffl J: TiiJ ia if 
00 SA.¥ 00 5D fs!i j£ B"J 1Jt7[~ * 7]\. tfr 00 11 TTiI :r& 1ffi,~ $$~ 2 00 ;t§ x,t T mN4t 8 0 0 B"J 1ft.i'. 0 

[0248] {±~!J~l 280, ~:flf • 5Gll oPTtAff JJi,J\.$31'!~~ITT~t:l:l::k: 1220, ~J ifOJIJrmJEB"J fJiJ\. ff ill 
$Ht 1120# _§.i:ij-JJ lA$itert):1ffi-~1Jt~ 1220EJ EB ':13 $ $31'!tl~m~:tl~ 121 Oi9'JJU s"J ':13 $ ff ill$iter 
l l lOb~txo!;/tiA .. $m+&1ffi-~+t±.:k:122onJ~r ffl ?$iwAlP/§xfA.:tY~~l!]1l.Ji~*.i'.122-121 
tt~'.11:R"J $~1!lfl%i9'JJIJffi5ER"JfJiA 1rill$ml 1200 
[ 02 4 9 J 1JIJ ~D , ~DJ: TiiJ i:1 it s"J , ~ ll • JG 11 o PT~ r 1f f PJ J)(J§ B"J [El :j: ~UJl 5E rm 5E B"J JJ iA ff ill 
¼ml 120 o ffi5EB"J f,;/ti,J\. ffill¼ml 120PT ~J~tE$~ffill¼ml 110:tWl 12oz c:p S"J~:;5' ¼mo 
yjy'f,rili§x~1~rili, tm5Es"JJJvs. ff Jtt$:iter112os"Jm5EPT~r wtt~:E11l.$~1!11tt~rn m ?:t:t n 
1 7 o fA ffl ?-rt ll'.11: Et'>J $iw A , :tP / ~ ~ r fA 1ft:'l.1"z ~ ~ 13 o C@ ~u it :EJ 5E 1ft * tJD -rt ll'.11: Et'>J Jjzj!is o rm 5E 
B"J ~ iA 1T jtJ: $ jg 1120 p J ft 4ij:{J( $ trHr f,'f ,lij§ 5E ~ {J( ' §x 1't 5E 1JHifi§ 5E O 17U ~□ ' rm 5E B"J fj iA 1T jtJ: $ 
m 11 20 PT ~rtJ s. rm'r5Ert,12 R"J *f~iJJ~rili,liJl5E 0 
[0250] ~D5'!'3$$mll 10EJrm5Es"JJ)(iAffill$mll20~;t§[BJ, Jl!lj~ll.JGllOPTtAff:;/J 
f1=m:1::1c 1230 ~Jj~{i!'.¼tW3lOO-@B1r:_¥J;/ci,J\. ffill¼ml 120o1Jl]~D, ~:flf-JGl lQpJ[PJ ¼tpl,j200S"J-=p 
1lrt*~JE220, $Ui}J*~JE23o;ifo/§x$tfPJ *~JE24oc:p s"J~~§x$~btl!~ -=t-1* ~, ~foEl!~1JJ~s"J 
~rt1$.o 1JIJ~D, ~:E11l.• 5Gl 10PTfi1t${fPJ *t;E240i:ij-$tW3200B{]7JfPJ :t!~fPJ ~~J~fiJ15EJRBtS"JJj,ff 
~o 

[0251] Jtl:~-tv' atAff~mzM ,~ll.JG110PTEJl5E~m~~:iz½ (1JIJ~D 'JF,&c:p19:ff $t~ 
§x xt ~) o ~□ J: oo wit s"J , ~ ~ • JG 11 o PT~ r 17,J ~□ it m J: oo ia il-1!1 s A_¥ l!l so m J£ s"J tt * ill 
ff B"J $~1!11iB"J ?ttfi·*Wft:iterN4tsoos"J~~§x$~t~tL ~o5'!~31'!1k1~~~~½B"J, JnU~:E11l. 
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• 5G 11 o PT 11m 5E : * tW3 2 o o J§Z it 1i=r~ fr ':1§ mJ * m: cr o 
[ 0252 J fr~ ® ~ JJfu 1J :a: cp , t!vff iJJ 1t m ~ 1 2 3 o PT 1a i)J ~ m: 8"1 i!!Ho o 1JIJ po , !xi l! • 5G 110 PT 
r ~ f§ % t;JJ!Jc nHt fPJ 11§ % lo/ EJX ~ EE t~ F ff 36 or~ iihiillHo u [;§ Jlt , i3: tt 8"J i!!Ho PT tz ~ fr 
$$Wi200~£tii'!LlW ofrJl:B~JJfu7J:it cp, t,A,ffzjJfttJ~123opJfPJ $$Wi2000"J ~#51:ff! Ja~bfr::f 
iJ: 11 ~ J11 tz ~ 8\1 flH£ r mu$ tW3 20 0 * * 1T )ft fr J;lc iA $ l/1 cp 8\1 jj ~o O l2il .rlt ' fr J! ff 8\1 ~ )Jfu 7J A 
cp, $tW32008"J~1Ji in PTlim5E~~-¥iJJ*~liJJfHJR.1t$$Wi200$£'1bJ ~j ~m:o 
[0253] fr -®~Jlfil1T:it cp, *tJE lOOpJ iffi~O$tW320081 ffl? ?fO/EJX$tW3200~f1:i5:81 ;!t t: ~#51: 
ff!: po*$$W32ooi%f$fPJiY1Ji8"JWJiA ff:itt$m1120, IJ1Ll$$W32ooi%~:i1:L f71Jpo, !xl:E!•5Gl 10PT 
fr ¥J: 11*$W32 o o ~ mL mr 1t5d~ * $W3 20 o 0"J tt fPJ 1* % u jj >'r :tmEJX w 1~:1:m , iffi ~o ri1t :i5: 0"J Jt B ~ 1351: 
in O"Jii%~iffi~OPT FR !xlf!• 5Gl 10 r~ o ii%~iffi~OPT t?: FR f71Jpo:ll?f 7f tzilJ~1J'filtEfrJl: B:i5:~$ 
tW3 cr 81 =rt ~5( ff O jj >'r Jt W<'. ~ 1 ~ Jt , :¥ & ~~!xi l! • 5G 11 o PT fr ¥J: 11 * $Wi 2 o o w ~ $ m L mr ¥J: 
1tii%~1~~ffifi~o$$pij2008"J ~1Jt in o IJ,ikfrJi:h:it, $tW32008"J ~1Jt in PT iJ, iY1f4: t~ iu *tn 
100~% Jlfil:1Jnfr$tW3200 J: o 
[0254J t~tLll~~$$W38"JJ!& 
[0255] * tJE 100 PTt~f~~#~ ff! $flH!;/J ])]~~ tt, ffl TI~ iu $$Wi200TT ::f iBJ tm~ (~ PD 1$: trl $~ ~ 
< f71Jpo, iffitt~ m) at> r0"JJ!& C~P, J!Jiln/gx1JfPJ) o f71Jpo, *tJE100PTt1Jm~1lfflJilil!l, 1:v: 
!r.t0/EJX~mjtJ:H!JS8"Jtiiii-, ~2JJ~tU$tW3200fr$f~at8"J3!ffl'.ott:3U~, *trc 100PTt~mU$$pij200 
frt1:i5:~i~Dt (fr~RJ[~:ii8"J Fwl □t) ?fO/EJXfr~3f~:ii□t8"J:i!&o *t}ElOOpJ ~)!t]=l:j l2J, t~tU:i! 
Ji 8"1 ::f lnl [;§ ~, ikI!X 1R: -=f a~5E 8"J aJ i'sJ $$pij200 *§x1r~ il 8"J 1ft.l'. o f7iJ po , * tJE 100 PT 1JJ~§ u[/ij 
@r$t~oiU~m1ftr $$W3200LlWR"J~~JEe~ ,;tziJ:11$$~200~:Wo ~rm, fr$$W3200$~~t?: 
tt~m0"J IBJ at, *tJE100PT~r x1~mtttt0"J ?J\.tfi*¥J:1~$$j),lj200:1JoJ1ifo/QXr)l:~1J fPJ o 

[0256] oo 13Alooo 13B~Ej 03f B"1 ~JJfil1J:itt§~J~0"J 1t $£rjjj,j (fy,J po, $£rpij200> tt:ili:# ~AA 
J:llfi/'tjj!! 13008{]~~ QX$~tttl:8"J ~:i1'18"Jtl!f~:'R~ 0 PO I!] 13A cp oo~ 8\1 'lffi'.½f:t~~ff (iipo 
1.v:rmlfi 1300pf1:i5:8"Jmjj!i,ti,,'t1302) nJ'a"~O$$pij2oo~ma BU 00 o nr/iJJ§l.rrn mlfiti>,-=t 1302t~ 
1~R"J~'a", $$]#3200R11"!:151:ff! ;f0/QX7')$$~200m-1~1"!:151:ff!$11HJJJJ;IJ~~-tiR"J ~tJE 1 OOPJ i)WJ!:f $$W3 
2000"13!& (f71Jpo ,iffiM~J!ifO/EJX$tfPJ), l2J,idt:l:t!!i~RJ[~ii'!o 
[0257] fr¼$W3200t#:i5:~mat, ~t]tlOOPTiffiM {II'.'. ffl ¼$W32008"J l!l 11:fm$t9&:.1'.l 22;fW/EJX 124 
(PT l2J, ~;t§;tJL) *ffriffi-U$:i1'1'/J/i'.&1306 tO~ :iter c¥1?: 1308 o ~r ~ :lter c¥1?: 1308, $ :lter '/J/i'.& 1306 l2J, 
R 1t ffl 001i:flfl$t9&:.1'.122;¥0 /~ 124t& ~ffi-U s':J -'=J ~ m*ij*B':J Jt t:tt·l·i, * tJE 1 oo PT iJWJ ~$$Wi200 
8"1:i!& 0 J:lft:tfu, *tJE 1 oo PJ i~!:f $~W320Mt:io:~m:l□/~$t~2oo~mt~ m:st81:i!li O *tJE 
1 oo~pJu[/iJJ§l. ff71jpo t±:lJ!a~ii'!LFnR"J itiffi:}:Jl 304*iJWJ!:f $$W}200 ~3f~matR"JJ!& o rOO 
taii-OO 14ifo oo 1 sm~*ri~!:f $$W1200 0"JJ1& l2J, Rr.&1ffi-U$mm&13o6, ati $c¥1?:EJX~ m c¥ 
1:21308 ll Ej ~ m~ ij* 01 t#·ti s"J Jtl:~wtra-=n o 

[0258] fr~®~Jlfil1f:it cp, *~JE1oopJ~f:l:ful!lz¾ifflfO/~$$pijfft.l'.f§ ,~, (f71jpo ,GPSz¾Xtfis) 
*~H9'i% ii~ AAB"J ~ m O * tJE 100 pJ ~T _&S3(::r±:l:t!!i 00 ldfis 4-18\1 ~ m 8\1 ~~ ~ $ ~"'tt·ri*Em 
5E4$W3 811nPt § tr,:WBL ~tJE100 PJi%4$W38"J:W&iJWJ!:f :¥rnPt § :ti:W&, * _ft¥r rn oo 1i:ti 
$t9&:.1'.122-126 cp 0"J~TEJX$T~llR8"J~~QX$~OO 1l*i'i~5E~m8"J:XJi\~iU 0"J~~ QX$~ 
t#·tio *t3t100PT~r~m8"Ji¼l~¥Ll8"J~~Eix$~t#·ri*liifl5EJ!IJr8"J § ti>it&, :# Fl.i%¼$W3 
8"J:i!&iJWJ!2f~St!1Jr8"J § :ti:i!&o 

41 

IPR2025-00943 
Tesla EX1002 Page 250



CN 111027420 A 39/62 §[ 

[0259J oo 14~--½ 03f s10 ~ hm1f :rtt§- r'xB10 Zf1it~s10 7T-17utttl!OO , i~Zf 1it~ tttiJmJJx>rr1it 
ffl rtA fr - ~ £i;Jtt ~wfl= 8"1 t~ 4 o :ti□ 00 14 c:r t~ ~ 8"1 , Z¥1it ~ 140 PT Z¥1i1 ~ il~J}HQ t:l:i#U 40 2, 
tt·r1::x,m~ti~14o4;r□j!Jtti~14o6 u 03f 8"1':tJJm:1f:rt:Jt /fl~ r1f 1PJttAEtigm8"1 Yf:1ilff 140 u 

Jtl:--zv' ~:f!-JGll0PTtAfr #1ittE1I:1iiJtl~l 402-1406 ( §;j:§tE#fit~ 140c:p) c:p □1tl't4- 0 

[ 0260 J tE - "\' ':t JJm 1f A c:r , ~ m tit ~,g tl ~ 14 o 2 PT Z¥ {it tk 1tf: t~ 4 ( i,il'; :ti□ it• tJU½1. '.it tk 1tf:) , 
':13 EB ~;ff• JG 1 10 tA fr at , i~ tk 1tf: t~ 4JilHt 17U :ti□ ,fr tfr -tii~ $ tii 00 it l□ I~ 1t flll:t!Ii 00 ?f□ / ~ 
1ftffJitE ({7u:tzn 'Z¥1~tErtgOO~tE }$160 c:p 81~tE) *1&i»rn~if O 001lt1i PTEB OOittitlt~Jf 
122, 124;fD126 c:p 81-~~$~t/tIIY. ◊¥ri~?ttfr, *t;c 100 (17u:tz□, ~EB ~;@.-JG110) PTIJ{c,e 
$$jlij2008"Jj£Jtr:'5<:Jt u 17U :ti□ ' :ti□*~lJ.. JGl l01&iffi.u:¥U1¥tE1irr $$jlij200::tBU81:fd\ I~ 11iie ~ 
p;i □1 ~m, !f11J~:f!-JGl l0PTiJ1t$ffi200D1J!JiJifc£tmJ;E □1 _m;fD/~~'ij'-$ffi200 □11f rtl iJllf 
tit AE 81 Jlj Jt o 

[0261] tE-'i'~JJ1lfh:itc:r ,ttt:l:x~~tl:f:~1404PT11{i~tx1tf:t~4 (m:ti□ it•tJU½1.':iltttk1tf:)' 

':13 EB ~:E!•JG110:tft.fr □t, ~tk1tf:t~4xJM~~ *tJE100 (17u:tzn, f£EB1Afr~i!itlh9'tJt~1402) 
1&iffi.U81 ~m~ij*B"Jttt:L ~;ff- jcl 10pJjiJHt7J\.ffr~ 00111mt1t~•122, 124;fD126 c:p 81-~ 
~ ¥ 'l'titlti 8"1 -tii~ ¥ tii ~ 1i ;fo /~ 1t ffl tt!Ii ~ ;fo /~ {ft.l'.Ji;Jm ( Wu :ti□ , #1i1 tl:tt!Ii ~ Jiti J:$160 
c:r 81JitE) *xl~~1&:1&1ffi.u~m~ijj8"JtittEo i~7J\.tfrPTrJct~~m~ijj8"J{§,~,, iti:ti□~ m* 
1£1308,$3ltl&1306, fftl .$81fi&, fftl .$Jtft.$,H~1rmi4&, ~ili81*&~5Jll *, ~oi3: ® 

tttl: PT§ t!51t {![ C 17U :tin, 1t m f1J1 n; Z'f tE 81 ~tM ;fD /~¥r 13: t+ 81 JitM 81 Ji ~tJt~ it• 8"1 ~ if 
tt ·ri) ;fD ':t pjf, m ( 17U :ti□ ' il!Bi 7]\. tfr ~ m 81 *i ti tit 0011 it~ 81 ~ m tt li) 0 ¥Ti~ 7]\. tfr ' ~;ff. 

)Gl 10 PHJ1t$$]#3200R"J:ifil&rY:Jto 17U:fl□ , ~T ~{ftr $$r}3200;:t$25*R1 ~m~Jji;~R"J ffE-¥Jt 
1t.$t1 ~ '~lJ.. JG 11 0pJjSJ 13!'. $$]V0200 81J!B[~if 1~;fD/~i'ij'-$$]V0200 8"17f rt] iftflfilftt AE 81 Jlj 

[0262J tE-~':tJJm:1f:it c:r, ~1tim~14o6PTZ¥fitiitiJi1i:~?ttJr* g ~~~$~itWtfLrt! 
~-B"J~~B"J~#m~,~-~~$~tt•mrt!~••~m~m~§~Jt~~fift~*m 
200R1:ifil&r:'J:Jt79 § ti:ifil&o {7LJ:fl□ , ~;@.-]Gl 10 PHftA-f:®:&tl~ 1406, ~¥r })jjl.fr~mm 
iQtJ:IR14o21ott·rixJM~tl:IRl404fi:¥U81~1E*it•$$~2000"J § tiJ!B[o17Uiz□ ,i3:tf:8"J~itE 
PT§MW~§~~-~W~~~,~ffi§~~-~~ffi~~,~~§~~-~~~~~, 

%; 0 3Jy[, '~;Ell'jiJGl l0PT~r* ~ $$jlij2008"J:AB *i'JE (if:tzo$$jlij20081111Jrt*i';E220' $!JZ9J 
*t;E230;fD/~$trtl *t;E240) Et'-JtifuA*it~$$W3200Et'-J3t~o¥rit~Et'-J § ti3!&, ~;ff- 5G 
110 PJ rt] $~]#32008"1111JiL~tJE220, t!Ji}l~t;E230;fD/:~l($'t rt] *t;E2401x:JErt! -=t'-1§ ~ ( 17U:fl□ , t} EB 
t~tu~ ~ 1i M ti ,B, ~ ( "CAN,e,~")) , ~ illBi17U :tz□ tt'J;ffti# r tu i}J~ j,t3f $$~200 R"J :JmJ! ~ ~ 
~13!'.$$]V020Mf\-ttAE1f rtl$trtl (f7LJ:ft□, ~ttA£J!j}J[) *ioEll~$$~2000"JJ!B[;fD/~1f rtl 8"1r5<:Jto 
~~±i:JJPPT ~x-tJ.il.81:fJP~~ (171):tz□ , 11-ro. 2*/l!P 2:¥U3. o*/;fy 2;:t['s]) ~ij:ko&tl*, ~&'~$ 
1~ PT ~xtGZ8"J~J!f!t~ij*o 3J3'r ,:JJPJ!&'~1ml!J!&'PT~riiUi~~ Cf7u:tzo, ~3!0Hi,:Jmrnfn 
3tL ~t'1@HZ., ~~) ,ili:%'1I:1nJJ!&f-JJR81fftE (f7LJ~D, ~,@!J~@, x.iBHJ) ~&@HZ.~~~ 
ti:mm&1306o t±:lr*0ffs"J § 81,~:ifilPH~Jl~ffda8"1:fJP:ifil&o 
[0263J oo 1s~~ t±:1-'=5 03f01 ':t00!:1f:rtt§-JJ0"J mr¥r1ittiffi.f~3t1oxJM~01~mtt·r1 
;fU/~~r~m81rfilOOJ11:;Jm*:f~t!J¼$pij~~B17T-{YiJ'ritlf~1500 81¥JrEf~ 00 0 tE-tb-~~1510 '~l111, 
1¥JG110PTt}EB firr~;E1J¥JGl 10~ 1!11ttit!IRJ¥JG12o::trsJ8"1 JitEt:t n 12st:t~t$~1!11t◊ f7u 
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~u ,'E1t%fr001i~Il::Z-'¥1.5G120cp B'~ffitJL (if~u001iM"~~lr.122) PTM"~~1"001i# _§J~J;i* 
iitl C17U~o, css,:t~, :il?i;t, ~~) ~~001jJ;ziEiUlxl:E!-'¥1.5Gl 1 o o fr~®~Jrui:Jfs\'.:cp, lxl:E!-'¥1. 
5G 1 10 PT ts: EE $1"zJ?ll:tAHi D ti yJ( $ r ~ 1" s"J $1"0011 o 17U ~□ , fxl lJ.-'¥1. 5G 11oPTfA001111!§ ~ ~ 

1r.122, 124, 126cp O"J~1"tiY1z:~1"0011, 00 {i'ZtlH~~lr.122, 124, 126 cp O"J~-i':l:)JPT J=l:ff 1'J+X 
B"J Ji1!1l D ffl r -'=3 fxl:f!-'¥1. 7G 11 Ojffi {§ ~1$ 0 03f s"J ~Jrui:7f Aff ~ p~ r1f 1iiJ tit ;E s"J Ji1!1l D 
;jiJ jjlt_gx t1} i>l 0 

[0264] fri:17$11520, fxlW-'¥1.5Gl lOPTtAff~:iitlhRt~~l 502, ~¥r17U~n:l:t!I.OO tP/_gx{:fI.ff 
Ji1E ( 17U ~□ '1¥1it fr:!:1'100 Jx1E )$160 cp B"J ~1E) *tt1mU1:fir $$Wj200ZlW B"J ~ :i![ 0 J3:tt B"J Jx1E 
pJ 1!'t ~ ff fr TT~ ;Emit _t B"J ~ :i![ B"J :!:-fu ,12 0 Ji 1$ pJ 1!'t ~ tt ;E ~ :i![ B"J t~x~· f:frlr. ( f7LJ ~□ 'ts: EE 
GPs~IHlG) E!X ~ m □"1 t§xt 1v 1r. c w,J ~□ , ®tlt§ Mr $~200 3l lE~11G -=t 1302,5c®111304to /_gx 
;!tt:fs1i:i£ttJilit~*rs1i:i£~ lfl) ofr~®~JJmJf:rt: cp, fxl:f!-'¥1.5Gl lOPTtAfI~ lfltlt tRtl~1502, 
12), ®tl JJ\.tfi~1"oo 11*tt1mu~m: o i~JJ\.tfi m 1.t m _too iairoo sA:¥00 5oto oo MM:r£8"J=nt#* 
illfr 0 

[0265] :az:1711~1530, fxl:E!-'¥1.5G11om11lfr:i!1tm~1406, ~¥r17U ~□fA11~fr~mtJHJttl~ 
14021~¥U s"J Jj1l*,6JHJE$ffi2oos/,J1JJPi, § 11G:i!Jit 01JJPi, § 11G:i!JitPT &sJ!:$ffi2oos"J:i!JittP1f 
rPJ ~ ~~JilinrAeP~~iU*s"J~ m, :# Jl PT ffffl_t ffi§:aifOO 14:fs1i:i£s"J=lst#*EfiijJE o17U~o, :i!& 
tl:l:R:1406PT ~T 53 ep it :¥U*8"J~ili~l}*8"J B ~PE.\Kit~ 8"Jt~-1·1 (m~□ ~ili .'cp1£1308;f0$&~1rm 
~4&) *EiJE1JJPt § 11f:i!&o:i!&t~~l406PT1lKtMli'+t~~tP/_gx0i(:# ll¥r~ifr/tf'."J5R* 
it~1JJPt § 1i:i!&o a~®~JJmJft(:cp, 17U~o ,:i!Jt:tJ~14o6PT¥rx®tr Cif~ox®tr 
1 :104) Hfrr~mzM, :l!JJl'sJ_gxzFn '*~%1tf: C17U~o, 11\ rm, .:k rm, .:kJxl.<tzr, ~~) , mMi% 
1tf: C17U~o, tB1rn&1L±i%J;e1!, ~~) , p~J!,ili:%'1¥fr$$W0ElXfr A~~*EJ@JE1JJPt § 1i:i!JJL 
1JJPt § 1i:i!&:i±PT¥r-'=3 $tW32oo~l}*s,g{~UrPJ 1Jo:i!riP~ 01±~®~:hTh:Jf:rt:cp, f~U rPJ 1Jo:i!riP~ 
PTfrO. 2*/;fY2:¥Ll3. o*/;fY2B/,Jmlil pg:# Jl PTil'VR:T~:i1'ttit'f131eri%~&_gx$:l1't~)tl306* 
ifiil~ o jjJr, 1nt1t § ti:i!JtnJ~r-'=3~1"_gx$1"t§ifJL cm~□ oo 111t~~1r.122to 1211) ~l}*s"J 
;W;lEemll o 

[0266] 17U~o, J!JJ[t.l1R1406PT¥r $~200::tMs"J:iiJts"J ail .$4=':1?::*EJ@JE1JJPt § 1i:i!JJ[o 
itltm:l:R: 1406PTEJlJEli:e¼$W3200 B"J ~;fqi JEe ~ fxls"J ail .$.'cp{2# Fl. ~J rPJ ;R (1: n) 1¥{i:/H1L':~L fr 
~1"~Jrui:1f:B'.: er, Jt1t:tJ~14o6 PTmJE ~ r :1:t11,12 s"J ail **1?:: = c1> $$Wj200 s'b ~ mr 1:frlr.; c2> 
JEB $$W3 200 El'~ NB~ Ixt#:, ;tt er ~#:~?F $$W3 20oz mr El'~ , m:&z.t~-1-1 El'~ iJ\. iR ft -tt * t5E 100:t~ tu $$W3 
2oos"J ~mtQfAJ@1t1~~~tff! PJ®'.!Ttttt~s"JJEe~: ~,& (3) JEe$t~2oos"Jtt;.Ne~, m~□ 4lt 1*, 
~~ oftQ ~ ~t#:R"J{iPTil'.VR:r $$W0200R"J '3M:i!JJ[Vegoo WU~□, VegoR"J {i~.:k C 17U~o, $$W02oofr 
Jtti~ ~·~) 'Tht#:S"J {i~.:k ( 17U ~□ ' pJ ~ m~ * B"J ftQ ~ J') * ~ft 100 tR:1~ )E tJ; B"J at l'RJ *ti{~~ mt 
Q[A] ,~ , m ~□ ¥ r 1# m El nm tt ~ E!X ~ m * tt ~ tt11 i}i,x 1} * tW3 2 o o s,g it 1t) o fr~ 1" ~ 1Jfu 1f :rt: er , 
ThM PTtlHE ~ r 0:r\'.: f I w: Thi1= (Veg} /2) / (0. 7 / 40*Vego+O. 5) o EE J]t, rPJ .ii.D (1: n) = [ 1: 1: 
n], ;ltlfln = rPJ rI!J..!ilf (Tht#") o 

[0267] fr~®~Jrui:Jf:r\'.: cp, :ifil&tl~1406 PJ ¥rf1J!~ rPJ 1JP:ifil&f'.~5Ra~ (1JU~o, ~Aft its"J 
flJ!UrPJ :iJpJ!JJ[) *EJ@JE1JJftt § 1i:i!JJ[oa~PT~A1. 5*/fY 2:¥U3. 5*/fY 2B"Jmll pg o¥ra~ifP 
c_t ®iit~s,g) ail **1:r: rPJ ;R, itltffl±R: 14o6PTit c171J~□, Ee¼tW32oos<J ':13 mr 1:frlr.s"J ~ [Pj }2E!X 
Ne~ fxls"J) $$iJB200S"JJ!)tf,~ $UT'J:i!&vtJ$li!, f I w 7'J: Vi';,$!,! (1: n) = (a~R (1: n)) 112 0 }h:571, 't~t! 
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Vt~Liil'r'',J lim5Erm ~ ti:l El"',J ~J!~tf.J5RPT it'w7'J: dcct!]lli!= ~lj\ { ( (vi~lii (1: n) 2-v eg}) /2) , ~A { d~'t'h 
D (1: n) -2*Vego}} , ;it9'ld:ilJ1'J,~r40*od:i\l1'J,8"J{![pJ :zz~xt$tfpij2008"J~!J1lr! rm§ ~J!J®:lit~f~ 
8"1,80 
[0268] fr ~®~JJfu7JA 9'l, J!Ji'.t:l~l 406PT £T db $tl$tf.J !$!:sl ew:ii:Jc (pJ £T db $jt1t 
$) ;;;[Hm5E1)]frB § t~J!J1L slew~pJgAo. 5*/;f!J;"lLll. 5*/;f!b"8"Jruelfil pg oJ!Jl'.tl~1406PT 
tlHm 12), r 0A~Hil!5Ev;t]]l['1: VctLl!llii (1: n) = (slew~/abs { { 1/R (1: n)}' } ) 113 

0 fil~!V 'J!m'tl:1:R: 
1406PTtlttm Ll r 0A:~Hm5Edec;t)]l['1: deerLl!llii= ~lj\ { ( (V1'Ll!llii (1: n) 2-Vego 2) /2) '~A {di1-J,,D (1: 
n) -2*Vego}}, :A9'ldi1-J,~r40*o 
[0269] a~®~JJfu7JA 9'l, Ji1tm~1406PT11Jl5E~~t~*, 111l1=t$tfpij2oo~ffi ,£#-@mJt 
~~@ Cm~o$t~El"x-@m1L~m) O"J[P]st$~2000"J~!J1lr!~~~O"J oi!Ji'.t:l~l40oPTtlHmLl r 
0A71HJl5Evr]]lli!: V1']]lli! (1 :n) =4/500*R (1 :n) +22. 5ofil~w, i!Jl'.ffi~1406PTtlHJi!f Ll r 0A* 
lim5Edecr]llli!: dect]llli!= ~lj\ { ( (v;t)llli! (1: n) 2-Vego 2) /2) '~A {di1-J,, D (1: n) -2*V ego}} ';It 9'l di1-J,~T 
40*o 
[ 0270 J i!Jl'.tl~ 1406 PT iffirl 11 ffl ~ ~'1' tf.J }[t~~lf:Ht ~ 8"J de Ctlll~8"J :iid\ {l*it 3f _t TiiHJl YE 
8"J ~ 1't"JJR' ep {IJ!LlrPJ -Jmi!Ji'.t"JJR' aE $tt$t"JJRlPiff¼!t"JJR O 11:1f#t"JJR::t J§ 'i!Ji'.t:l~ 
1406PTtlHJi!f Ll r 0AiffirlliJ%5Eiij~if$pij2000"Ji!Jl'.8"J ~*JtIU1nfra § t1J\i!Jl'., ic.11:v™: v™ 
= V@_i'f(-\tm) +dec;t]]l~* I'. t' ;It 9'l V@_i'f(-\tm) :zz~$$jlij200 8{] )ti ~u· 31& ( {lJU ~p ')ti ~u·m5E8"JJ!&' fri! 
Btt~~1406f~.HffiiJiij~::tAA8"J$$jlij20081IfJl'., ~~) , 3f HI'. t:t<~lim5Ev™~V™(5lajfj) ::ti's] 
8"1 s~· i'sJ o 

[0271J i=Ew#ll s4o, &1:£!¥ JG 11 o PHftJf:W&ffi~ 1406Ll ~%$$i#3200R"J:ifil&iij~.¥ i=Ew #I 
1530liJl5E8"J1)]frt § :j:;f,J!BL~r-$~20081 ':1=3AAi!&Ll.&i=Ew#fl530liJl5E8"J1)]frt § t;r,i!&, 
£tn¥5cl lOPT rPJ $$pij2008"J-\HfiE*t5E220, tLli.b *f;E230lP/~tt rPJ *f;E240~JEf:§.-f-{8%, 
Ll~%$$W,i20001J£/t2~3t.¥1nfrt § fiJ£/tofil~w, ~'1'~~'1'¥J:i}J:g PTt~tLl11tTElUJE220, 
tLli}J * t;E230lP/~$t rPJ *t;E210 0 {lJU ii□ ' !zt:EI¥ 7G 11 OnJ~Bsf:§.-f"{g % 'ix {:t*t;E 1 oaim:El:l:ih 
fl'J r· tLliJJ:gJtfm5ER"J ;.~~tm?t:tih:J:tff ti:tfi#3200R1 :im:W:g o JtJ:~w, &1:£!¥ JG 1 1 o PJ ~JEf:§. 
-f-{g-1% ,¥t1i*t;E10oi%$$~2001frtt5E7JrPJ$trPJ oft~®~JJfu7JA9'l, :iJDi!& (~~±!&) 8"1 
~i{!liPT~r ¼~20081 ':1='iAAit#l~1JJfr§ § t;r,it#l::ti'sJ 81 ~o ':1§i~~!fx'AS'J ({lfl]~D' ':1=3AAit#l 
Lt1)]fr§ § tiJ!J!lj::lOkm/hr) , {lfUiz□ , *t;El oopJJJlB1*IIX f1~3!8t~A1t# H ~¥Y:$$W3200 
a•m~~~;.~~PT~~½~~~m~§~J!Jl'.~7'fA~~*a3t':1='i~~~&.fi~~, 
* ~JE 100 Pj :;,]HIX 111~i!Jl'. ~~ .¥U ~f~jf H -@3&$tfi!i3 200:i@Sj4JT~JJJi'i1)]fr§ § tJfti!Jl'. 817JA*JJfu:1JD 
tu i}J O ]! ~m9Jfu' * t;E 1 00 PT~% 3 AA ~&2Y:3ti1HJJP§ § flf~W' tlz 1liS1f {PJtt ;E Fl~ tu i.bm !ff ( {lJU 

~,AA~~~*~~~*~_§_~J§-~~*~~~*~~~~m~o0*~~JJfu7JAH~ 
~rffW%5E~~~mm~~~7fAo 
[0272] fr&#fl550, &1:E!J¥5cl lOPTtPA-ft~·tixJli'i~ffi~l404, Ll~r1lfUiz□ %t:Jr{1ffl 1:. TiiHa 
if 00 5A~ 00 5Dti J£ 8"1 U#ill ff 81~~"0011* lim 5E 1iL r $$W§ 200 ~ AA 8"1 ~ m 8"1 ~'1' ~ $ '1'tt 
·tio 1lfU~□ , J5JTJ£tt·t1 pJ'filt! ~ r JLl~l}*811ii{J'UP/~~~ifR: ~31:!4':111308, mJE!mli~$m 
'&Ii:& 1306, atJ $ 81 ;f£&, atJ $3t1t$, $ti~ frm~4 & , ~ o 1lfu iz□ , PfiJ£tt·t1J2GPT 'filt! EE ~'1' ~ ~ 
'1'mi4Hi,,'t, (m~□ m:R~t;r,,:t, 1302) 14¥:it:81 {§ ,\~Lr!:1-:~r, J=ifiJ£t#·t1PT 1'1t!ii~iITTU~m81 *#l~ 
5Jll * CPI Ll ~$$W,i2ooa:ttili: ~i1tst01i!Jl'.01 fJSJ ~) "&1WJ¥5c 11 oPTtft.frtt·tixJli'i~tl~ 
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1404, ~¥rti"¥:tl!\'VfP/~0:it*it:w--½~@tttt CfYU~U, ~i1t'f T.~ 1308, tl!J $Et':Jf¥&, tl!J 
$~ft$, ~mJJR K, ~~) *l}*S"J{1ioi=E~®~JJfu7fAq:t, !xl:E!¥5Gl lOPT1AfftttUJJ~tl 
~ 14 04 , ~ t1g Jt i~ ~ m: ati **ib:T'J Ne ~ c 1,u ~P , ff JtJ: B"1 Ne ~ > sf.J Bl§ Ji sf.J J1 "¥= ti ~'L ~ w sf.J ti~ 
pJ~~)'tt{J!R, ~~p:Jijc1~LJ[p_J 1JDi!Ji'.t"J!R (fy1J~D, ftl. 5*/f!P2:¥1J3. O*/f!P20"Jiri!ll pl;]) ;fD/Eix::ii 
*f~U [p_J 1Joi!11tt1r"t.t"J* c 1,u ~□, 1=Eo. s*/f!P~iu 1. 2*/f!P~sf.J ruelfil p;;) 0 l3: ®t"J}[;!:PTr"t.$$jlij 
20081.J~:A:i!& WF 79ffJtJ:fte 1~ 81.J Bl§J~) o 
[0273J 1=E±v$J1s60, !xlr!¥5t110PTtfa-1fi!liffi~1406, Ll¥r1=E±v$J1sso:PJUEs"Jtt·r1* 
it.£iJTBI.J § ,t;r,ji/io £iJTBI.J § ,t;f,j!JipJ &s~$$rij2oosf.J£iJTji/i;fP/Eix:7f ri'D Ll :iz±JtMAff 
rJUB"J1ffiiHlii:f: Ci) Jtl:A~Pi~iLl*Bf.J~m; (ii) -@fflrUllUi~m;Eix: (iii) ~:3f~mu£tJTBI.J 
§ :ti-i! Ji'. pJ 1t ffl r. Tiiha i:r 00 14;¥0 -w ~I 15 3 0 :J11i ii 01.J tt::t * ,/i]ij JE O fy1j ~□ ' i! /i'.tl :i'1U 406 pJ £ T 
~~~*~B"J~tt#H~r~"¥:ffi~~/~0~*~JE£ffis"J§~i!/io 
[0274J 1=E-WJJl1570, !xl:E!l¥L 5Gl 10PT1Affi!&tl±R:l 406, ~tt'$$pij2008"Ji!J1tim~.¥1=t_tl; 
JJJ1560:PJlJEBI.J£tJrBI.J § t:;f,3!/io ~fhmlf PT 1tm J: rnf ~aff-WJJI 1540Wiitsf.Jbt**3'Et& o 1Yu 
~□, ¥r $$j:!J§2oos1.J ':1'ifiri!liLl.& 1=E±vJJ11s60:PJlJEs1.J£1JTs1.J § 1i-i!/i, !xl:E!J'fl-5t110PT ri'D * 
$rij2oosf.J11t1t:*tJE220, $Ui)J *t3E230;fD/Eix:$'tt [p_J ·*t3E240~i!fg-f"{~~ CWU~D, t.£ESCAN,B,~) , 
Lli~ 1f$pij2oos1.Ji!/ir3l:~.¥£tJTBI.J § :t~i!/i 01±13:~ ,i~, 1f$pij2oos1.J §firi!Ji~~ Ji~i=E-W 
JJl1530:PJl5E:8"J tJJP§ B :ti-i!JJt:tB ~ o 1Yu~o, !xl:E!l¥L5G110PT1=E-WJJJ1560 B §:~ EJl5E:£iJr8"J B :ti-i! 
Ii, fEfJ □ti~$$j:!J§2oos1.J3!/iimlf.¥1JJP§ § t:;f,3!/i o~PT~~~if 1:Ji=E r $$pij2oos"J3!/i~1JJP§ 
§ ,l;;r,i!/isf.J ~$xjc (1YU~D' jc-ylOkm/hr) * H*l}*Sf.J1Joi!l'.~'.tx1J\s"Jtlm r 0 

[0275J 1=f ~®~Jlfu7'f:it q:i, ~tJE1 oo PJ¥rxt~m:tt·r1Rf.Jf!Hix~~ C1Yu~□ ,¥rm~~m: 
B"J$$~2oo:j:jjliBI.Ji'ffl?J"Bf.J OO{t~tl) *1t1J\\£tJT:¥Ll § ,r;r,i!EL ;S1'r, fr*t]ElOOi~-$~200-@ 
!m511Bi~m~JB, *tJE lOOPTi~{ll'.'.$£rjjj,j2001Joi!.¥iJrB"J § :ti-i!nt, iiffiB"J § :ti-i!nt~rffJtl: 
ji't fi!! B"J ~ w ~ ji'ts"J 1K Bt, ~iffirl"Jttfr EB* f'JE 1 OO$t!!X 81.J:l:fu 00131:tlis, 1:tr.l'.131:tl;f P/Eix: 0011131:ti 
fmp)l ~ 0 

[0276J tl1:nfir$ 
[02nJ *tJE100PTtt1#~JJ1ffHmM:c}J~~·r1, mri~~$$~2oot11i CEix:~=teti3t11m ~~ ±~ 
JK (m~D §fir /4:: tJJjj/4::m' 1JPitEix:$'tt~st) r B"Jfir /4:: 0171]~0' *tlt 1 OOPT:ttJmt&ilrl?J'-tJr$~ 
OO~*~~fir$#H~JEfir$*!1XB"J-~Eix:$~~~01=E-@~~r,@~~fir$1=E~n 
!xl~~at, *tJE100PT:ttJmJJx.tX{t$$jjj,j2oo=tefi3tl1h$'tt~ oft~Btm~r ,@~U§fir$1=Efi!t D 

!Jl~~_§_1=fJt$ □ 17'] ~~jgS,j", ~t;ElOO Pjtt)jgf&j!J:{f$tf]#3200;tl{]J~~ o*t]E100)6iPJtt)jgf& 
~rfir $Rf.J-@fflfr:J35 j.:J~ 1'4:'.$$~2ootJ1nfir $Rf.J~"'i"'Eix:$~i)J{t 0 

[0278] 0016A;fPl!] 16B~-'=50:3fSI.J ~Jlfu7JA::t§~J~Bf.JtJ1:JJfir$200bi=Emfi!$1600aJ:Sf.J~~ 
Eix: $ ~i)J {t 81.J i=: /4:: $jjj,j 2 o Oa 8"J tl!f ~ */}\ o ~P 00 16A ;fU 00 16 B q:t 00 /}\ 81.J , i=: /4:: $jJij 2 o o a PT fr m l45 

1600a81.J [Pl~ $31't q:t ff Jtl:81.J [Pl stJJ~J~fir$200b o $mPT Jl_;;g lc:intf 1620, 1:1:iilti 1630;fP q:t ,8 
1610, w1;fPw2?J'-~Ut~:,J\$@BI.J le c'f:ililP1ic'f:ili 0±$$jjj,j2ooa;fPfir$2oob PT5:E1li=E$@41, 1:t 
1i$$]ffJ:jll'I;~ ,@q:t-y q:t ,816101: "~p OOJ1Jr~16A, 1YU~P, ±$$]#3200a Pj ,@q:t-y q:t ,8161081.J1i:in, 
11'.1i ±$$~200a-'=5 lc:intf 1620~i'R] 8"J ftQ ~ c1:AT ±$$~200a-'=51i:intf 1630Zi'RJ 81.J ftQ ~ c2 o 

xtl:t ~ r, fir 4:2oob PT m q:i r q:i }216108"1 lcili, 111'.'.1ifir 4:2oob~ trilirt162ozrsJ sf.J fte ~ c3 
lj\-yfir $200b~{i:inff 1630Z['s] B"J j§: ~ (Ao ±$$jlij200a;fPfir$200bS"J{ftjf pJ lJ,::;g~ ~ S"JttJ 
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mo17U~U, :::l=.$$Wj2ooa;fDfir$2oob PT5E1fz:tEmfilZ. 160oa_tB':i 1f1nJ:l:t!t7:f oJtl:~7-V, li~i!l 16Ata1i 
ti 7 Jllf t§;tJL* ~JE 8"1 fir $200b, 1!:!~ 0:ff 8"1 ~JJjg7:f :if:ff "1~ I~~ rfir $200b'E1Jj§J§;tJL* ~JE 8"1 t1J 

[0279] :::l=.$$Wj200aO"J *~JE lOOPTJi 1t:::l=.$ffi200atJ1:nfir $20060{]~,tE!X~,ti,/Jft o ~□ 00 
16B}ifr /J-;, f7LJ~D, :::l=.$$rl§2ooa PTtl1:nfir$2oobtAfI8"J $J11,f$1fz:o tEtl1:n$J11,f$ffz:zf§, Re~c1 
pJ~-=f Re I~ C3 '* _§_Jle1~C2 pJ~-=f Re 1~C4o t[~®~)Jlg)JA:cp ':::l=.$$ill§200a PTtl1JJ ~U$200b 
tAff 81 $i!i,f$ffz:, ft1#1Ee ~ c1?fDco!5c~?f□ c4/f~~ o Wu~n, tE:::l=.$$iJB200affi1tJ:::l=.$trl§200b81 rAJ 

6:$iii,f$ffz:ff H (a$iiif$1fz:zf§) 5E1fz:.¥:::l=.$tiJB200a81 lc:ln8"Jtlm r 'c1i'1'f1}-=fc33'f HC2 

i'1'f ATC4u~1~:l:ih' a:::l=.$till§200ati1JJ±$till§200b81 [P] lc$iiif$1fz:ff _§_5Effz:.¥:::l=.$till§200a 
O"J:t7:lno"J·t1fm r, c,i'1'f ATC:,Jf HC~~'1'f+rc4o 
[0280J 00 16c?fD 00 160~ !5 0:ff 0"1 ~JJjg1:f J'ttB ~it0"Jt:lwfir $2oobttmH% 16oob_t 01 ~,t 
E!X :;t,ti}Jfp8"J :::l=.$till§200a8"Ji-§51:l!l**?T> o ~Di!l 16Ccp i!l?F81, :::l=.$till§200a PT fr ~u· $200bf§TiiHf 
ill, fir$200b PTfrR% D :£!:ten~ o±$till§200a81 *~3ElOOPT¥3Lft:::l=.$till§200at~1tJfir$200b81 
6:nifg, ~DI!! 16D}ifr?f; o*tJf,100PT¥r~NIEI~ Gi~□ fir$200b~~frfilft D pg $t~B1 [n]SJ1E 
iii, !5fir$200b:¥:]}*81 ~~J[Jn J:, :::l=.$$iJB200a!5fir$200bZ !'BJ 81.J ;j:§x,f~Jjt~, ~) *ii ft± 
1ftrl§2ooatl1JJlc$t~ o~>'r, ± tp.$rl§2ooaPTfr,£f~~f4r (itr~o¥rfir1F2oob~~lfftf !5:±. 
$till§200affilllfftf81.J lf!~81.J ifB~H%~E!XifB~ $71"-ffill) ~1JJ ~u· $200bo:¥:r *tftlOOPTJ&{t 
:::l=.$$rl§2ooat~1tJfir $200b81 ·,t E!X$,tZ9.Jft8"J:l:~~81ill ·-Wiffi71frrTiiHa~ll 17.¥ ll 22 
fs1jj£ 0 

[0281J fr~®~JJ1g1JA: cr, *~JE 1 oo PH1JmIBG11Jl5E~ ~t:lwfirti:R1t~5E5t$iJJ O f7u~□, *~JE 
10 0 pJ :PJ@ 5E : fir$ 81.J ~ ~ 51'$ Z9J ~ ffij JI *Bz t.l 1JJ ' IE] )') i3: 1~ f$ i)J ~ JJ UroJ fir$ 81 H% ~ 0 17U ~□ ' ]UJE 
1 o o PT 11Jl YE : ,f$ i)J 01 11>;. ~11: 1E Cm ~□ 1± tt YE$ iii p;i ti i)J) ~ iwi JI *Bz tl 1JJ o 1± ;it,~~ JJffi 1J A: cp , 
* ~JE 100 pJ ~ JJt!Pf le ~ft~ :cHt t±:1 fir$ 81 & ii. f$ i)J Of le ~ft pJ ii ft± $till§~ )Jfu fir$ 81 £ 
'1I:~;fD/E!X:mJIB1f$i}J (17U~D, 1Eiii) , ~attl~,-g t±:1$1& ~81~~~nro1fir$81.filfWHi~015t$ 
i)J O 

[0282J oo 17 ~!50:ff01 ~Jlffi1JA:t§~Ji011'¥1itff01?F17ut1:tgl!J, i~1'¥1iff*Bz:i'1Jm]Jx;1'ffrt 
Jt.J rtJt,ff~,tE!X$,ttt1t01tft4' o ~□ oo 17 JiJr:¥;, 1'¥1it:g 140PT1'fft¼iiit1.J*~±:1t1 702, Z9.J1t 
r& 1ffi-uti~ 1 704 tD iJJ 1t u[wj @ti~ 1705 0 0:ff 0"J ~JJjg1:f A:ff ~ ~~ rff fiiJtt 5E i'iJ m 011'¥1it :g 140 C 

Jtl:~-ti;, !z!:ll-'¥1. 5Gl 10PTtA1f ff1ittE1ffnftl±Ju 702-1706 ( 'ELtrStEff{it:g 140cp) cp B':J t~4-o 
[0283] fr~ ,t ~ )Jjg)J A cp '$ 31:Hf.J }[HJ~ 17 0 2 PJ 1f 1i1 tX 14 tl't 4- (~ ~□it ~;t,J L llJil. ~~ 14) ' 
3 EE !z!:ll-'¥1.5G 11 otAffat 'i~~14t~4-:P5@5E!5 :::l=.$$~200r1R1ffill$iii:¥:J1:*R1~"'i"'E!X$,tt"J 
* 0 $iiitf.J*PT 1'11rS$iii01 cr -~ 1610, tcmtt162olDk:1:intt163o O $iiit"JJRiEPT 1'11rStiic.tE 
iiiRi 1600aEix 1600b81*® _t01~,tE!X$,t~E!XJlBt1f% o :£!::E!f-'¥1.5Gl lOPTtAff ¼mtf.J:m~ 
~ 1 7 o 2 , ~ Jffi:ct 17U ~□ 7t tfr ~ tii E!X $ tii 1!111 ;fD / E!X ft ffl :l:ih I!! ;f□ / E!X 1fz::'!Jf5(JA!} C 17U ~□ , 1¥ 1i1 fr :l:ih I!! 
*HJi!iW1604181*5dfis) *:PmJii'-JJRo l!lftrn. PTEE I!! 1tfm$t~:"1.122, 124;fD12641 sf.J~,t~g;,t 
$tlfL¥ri~71"-;{,fr, *~;f,100 (17U~D, t~EE !z!:W-'¥1.JGl 10) Pj#flft:::l=.$tpy;J200afr83 tcmtt 1620;fD 
k:1:inti 1630~~5E81 $i!ipg ffillott~®~Jlffi1:f:rt: cp, :fto*RQ~c1E!Xc2Z ~+-=ftm5El~fi, P1Ll 

*t.ft lOOPTi~{\l'.'.i=:¼tih3200afil~ tc:lntiH620E!Xk:1Jllif 1630 o 
[0284] fr~"'i"'~JJ1g1JA: cr, iJJftr&iffi-uti~1704 PT1'¥1ittxf4tl't4-<if~□ 11 w;tfll1Ji1.~~f4) , 
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'3 EB &±W•JGl lOtAffSt, i~$x14t~4-1&1mLlfr:±.$1iJB200a BU1iffillEt':1fiJ$2oob*IfY-Et':1~1' 
~$1'i}J1'1= 0 fir$200b pJfr--1::J ±$~200aif§lriJ~.+ lriJ S"J $jgq:t ffitto&±W• JG110PTtAffl9.J 
11::t& iffi,Ll ti±:JH 7 04, l2JJilHt 1YU :tzD?J'-tfr EB 001t1m$t*:"1.122 , 124;¥0126 q:i B"J ~1' ~ $1'$t.Ef)Z B"J ~ 
i1i~¥i1i00 il*i-&1ffi,~$$2oob*.Efj(D"J~1'~¥1'~bft o £ri~?J'-tfr, iJ1J:tzo, &±f!•JGl lOPT 
EJl 5Efir $2oob 2 3t~$JlL 2 ${~, ;/JoJ!, ~31, Jlfu;/JD1ffU i}J~ oft 79 yj ~ /JdYU, fir$ 200b PTtA 
fftJLi}J '1t1i Bu· $200b8"1 <t~:i£f:~~ $mf"J*8{] jj~~f~~8{] ~~fi;ft Ne 1'f!i ~ IPj T Bil" $200b8"1 <t~ 
:i5:~=$jgf'."J*B"J JjlS fJJ!~B"1~=1i;f$1Ee ~ 01Yu:tzn' &±W•JG110PT¥r J:rniiaft-005Aif:005D 
m 5£ s"J tt-1~ * tA ff~ f~ ?J'-tfr 0 
[0285] fr~/j'~~Jm1JA q:t, i}J1fUfnJStim1706pJflfrttx14t~4-Gt:tzoit•tJUJtw:$x14) ' 
~ FR &1:£!.JGl lOtAffSt '~$x14:f'~4-£r*t5f,100 (f71J:tzo 'i:£FRtAffifJ1t:r&1m~tim1704) :t& 
iffi,Ll s"Jfir $2oobfofr*.Efj(B"J~1' wt$1'iJJ1'1=*11Jl5E:±.$$iJB200a*.Efj(B"J~1' w<'. $1' i}J1'1= o 1Yu:tzo, 
&1W-'$L 5G110PTtft.ffiJJfpufnJS:tt±}c1706, 1J-11Jl'.iE~~tt11J Bu· $2oobs"J~1'~:::t1'iJJfr o i~11Jl 
5EPT¥rfir$2oobs"Jl9.J1'i= CWu:tzn ,n~, $ilt$1ft, ~~) B"J'f't~ ,~:±.$$iJB200a~l}*B"118 ,~, 
( 1Yu:tzo, Ne$mN!:itiS"J3!&, Ne~ c1lPc2, ~~) , m~lPlfi1%d4 (fYu:tzo, :l;c11-:, :kffi~JxC, ~ 
~) , ~ofr&:t£l:l•JG1 l011)t5Eti11ffir$200bS"J~~~~~z:}J11:B"Jtwm r, &1£l:l.JG1 lOPTim 
Ml2J, r-¥~3'cml!: Wu:tzo rPJ ± if$p1§2ooas"J~iliL~UJE220, 1ffLl7;fJ *~230;¥n/wt${rPJ *t5f,24015Z 
JE~-=t-18 ~ ( 1Yu:tzo, fiEB CAN,tI~) , ~jfo!at&~, $m;f$1ft, :±.$$Wi200a8"13!&~11:3tlP/~h 
[P] ~ 3t O &± w. JG 110 pJ 1f J=l:j J: TiiJ ta ft-1&14 ~ 1&17 Wi :ii S"J tt;tt l2J, JJ: 1f ±$$pl§ 20 Oat~ 1JJ • ,t ~ 
$1'i)Jft o 79 TtJ171~1'~$1'i)11'1=, *tJf,1oopJ rPJ ~tTE*tJf,220, 1ffUi)J*tJf,230;¥P${ rPJ *tJE 
240q:t R"J~~~$~~{tU~1ffU1§~, l2J, (1Yu:tzo ,imMiJ:15f;/JDifil,n~ ,$:ii;f$1:fz:, ~~) ~~]1$ 
$W,j200 o :itJ:~~, ~1'~$1'JJ:i}Jff PTt~1ffLl~0TE*tJf,220, 1ffLli}J*tJf,23o;f P/~${rPJ *tJf,240 o 
[0286] 0018~~ t±l ~ 0:ff B"J ~JJm1JAif'§~J~B"J ffl riHll'.'.i=:$£riJB2ooatl17Jfir $2oobs1 ~ 
1'~ $1'iJJ1ts"J :,r,WLlttMl~B"J0TEl¥00 o fr~ JJJ 181 o, &±W• JGl lOPT i£ EB 1:fz:T &±W• JGl lo 
~ 001t$tirY-• jc120~i'sJ s1Jx1hHt D 128:J'ltl!,( $1'0011◊ 1Yu:tzo '~f!Sfr001J$t.Efj(.jcl20 4181 
if'§if/L C©:tzo 001t:ti$t~J1122) PHf$t$~00 fjJf _§_f5:JJc~i4tt c Wu:tz□, usn, .1e~, 1l?f3f, ~ 
~) ~~001J/5ZJE$LJ&:bll•JG11Qofr~®~Jm1JA9'l ,&±ll.JG11QpJf'.£EB $1'JJ<JJiHtD fiY:lt 
$r~1's1 $1'00ft◊fY1J:tzo, &±ll:l:!•JGl lOPT .IAOO ft1m$t~:"1.122, 124, 126q:t B1~1'tizyjz:g; 
1'001t, 001tti$t*1t122, 124, 126q:i 0"1~1':l:)JPT J:l~~l}*S"JJ.11:tJiHt n fflr ~&1Wl'j'LJG110 
wm~ffl◊03f~~~~A#~~rffW~'.iE~~ffl~ □ ~m~~~" 
[0287] frw]}f1820;¥P1830' &±ll•JGllO PHA1r$:i1:H1*ttm1702' 79±$:$!#;J200a8"J~1JJ!~ 
EJl'.iE~ :±.$$W,j2ooaA1ff:itl:$ii*IllR"Ji1* o &±W•JG 11OPTimi±?J'-i'frfr~JJf181MiYJR100 
fi*EJl5Ei1* o EB Jlt, frW~1820, &ill• JGl lOPT11Jl5Efr:±.$$jl}0200a81%~fJJ!~J:81 %~ $ 
mt"Jm C fy1J:tzo, i=:¼$iJB2ooas11c1~~~¼-m811c:ititi'd620:t.l'aJ 01 !Le~, c1) , ~J.& frWlJl183o, 
.p]l 5E fr~~~ fJJ!~ if'§ &8"1 ~= 1JJ!~l:. 8"1 ~=$:i!'t~"J* C 1YLl :tzo, :±.$$ill§2ooa0"1 ti fJJ!~ ~ $:i!'t 8"115:iti 
ti1620,2JsJ B1ftB ~ 'c2) ofr~@~JJm1J:r:t 41 '&±W• 5Gl lOPTiffiil ftffltt!100 lP/~.j:~~±$ 
$py;J200a;f'§xtr $m81 q:i ,121610, 1c:itii/at1620;¥P15:itit/at1630S{] 1:fz::'1.811:fz::'I.Jj;Ji ( 1Yu:tzo, fl{itfr 

tt!100 zi;)(Jm 1$16 o q:i 8121& ti) * 11Jl 5E i"J * o &ill• JG 11 o PT~ r ?J'-tfr fr~ JJJ 181 Oti y:l( 81 00 11 Ll 
.&tt!100 lW /~ 1:fz::'I.J~ffl rJf 1'r * EJl 5E t"J m ; ~ f¥:1tt PT ti ;/Jp ~ i"J ** l}* 8"1:'I.187K "¥ o 

[0288] fr& JJJ 1840, &±Wl'j'L JG 1 lOPTtft.ff $it't ~{] *tJm1 702, l2J, iJ: {f :±.$$ill§200afr& JJJ 

47 

IPR2025-00943 
Tesla EX1002 Page 256



CN 111027420 A 45/62 J;_f 

1820:fD 1830:ti)lJEB':J $jj~J"J5R PS ff ill O {yLJ~U ':::l:=.$$W3200aB':J ti. 1mfPJJE{ft.¥ti.mtt16206':J ti.m' 
~~ :::l:=.$:$W3200a8"J ti 11JWPT JE {ft~timtt 1630 8"1 tim o tE~f¥:8"J fl~ T, !zlWJ'(l JGl 1 o PT rAJ ± 
$$W3200a8"1110TE*tJE220, $Lli}J*;JE2305fD/~$'trAJ *;JE240btJ!E§.-=fi§~ (1YU~D, f?:EBCAN,B, 
~) , ~JJ&ff:::l:=.$ffi2ooaiijlfJtfv.l'.:lf Htt$i1H"J,Rp;i 1Tnto 
[0289] tEw#JlH850, !zlWJ'(iJG110PTtPAT i}J{t:r&$mum~1704, IJJjJ_M?J'-tJrOO{fi:ij-fir$200b 
;E {ft frfr7-V#ll81 o:J:ty1[8"J 00 ii PS O !zlW-'¥L jcl 1 OPT itffl _t 00tai5' 00 5A5fD 00 5Btaht8"J=htf:* 
:r& 1»1u $$W3tE oo 11 q:i 8"1 z:;a O xtr~'i' it1&1»1u $$W3, !zlw • JG 11 o PT ttJ ~it:r& 1»1u $$W3 t§ xtr :::t=. 
$$W3200a8"J {ft.I'. ,J!Bt (1YU~D, J!Bt5FD1JrAJ) 5FD:1JDJ!Bt8"J $~Ylti~ o !zlWJ'(l JGl lOPT itffl _t 00 
tai5'00 5A5fD 00 5Bfs!i~8"Jtl:,,{~*t~~iktt8"1ti~ 0 yj)'r '!zlllJ'(i JGl lOPTEJl'.iE ~~,tit:r&1mu$ 
ffiJtijtl'8 ffnl: $ii'!,£ r WrJ ~□ $ii'!~ ;t:t 'ti!'! W*11Gic Ll R tEw ~I 18 205fD 1830,tiftl '.iE 01 $ ii'! t"J 
5Ro!zlWJ'(lJGl lOPTEJl'.iEfir$200b79:lUf Jli81i&::r&imu$$rJ§, :ff Hfr~ :::l:=.$$W3200atBIBJ 81 $m 
q:i ff ill o tt7-V#ll860, !zlW-'¥L 5Gl 10PT1Aff i}Jfp:tfr1Nu1l:f:ft: 1 704, Ll Em JE7-V#ll850tE 00 {i PS :tfr 
1mu 81fir $200bpfr*IIY.81 ·,t ~$·i'2YJ{t O 1,u~n '!zl:E!J'(i JG 110 PTliJl'.iE: fir$200bB 3t~$iilL 
Btt~ ,:1JDJ!,~J!, ~ o yj)'r, !zlWJ'(iJGl lOPT 7J'"tfr00ii, Ll EJl'.iE~fir$200b*!j:*8"Jtttl:, ti 
~o;tt ({fU~D, t§xtr:±$~200a81) J!J3t5FD{ft.l'.oi3: ®,tim'.iEPT ~r _t ootfi1f F?l 5A5fD F?l 5B#A~ 
81tl:#o a~.t1:~~~1J:rt: q:i, !zllf i'j'I.JGl lOPT ?J'-tfrOO ii, LlEm'.iE~ BU tp2oobtA1T 817;}J{i::*!j:* 
8"1 tt'f'!Eo 1,u ~□, fr Bu· $200b$f ~ 8"1 t1H5G T, !zlW-'¥L JG 110 PT Em JE Bu·$ 200blE ~f tE3f ~EJH~ Z 
fir81 {ftn 1i ,~,, fir $200bttJGMtt~ □t81 {ftn i§ ,~, ,tt~4':1S":Lllkn'i~ BU $200btEtt~ot 
8"JJ!J3tr'j/:3t ({yLJ~D, t2:ct~ t)ZSJf[]) 8"JJ!Bt~Jfil o 
[0290J aw1Jt1870, !zlW•JG 11 o PHAffiJJfPfAJmffi~ 1705, Llit1t:::t=..+-$j#;J2ooc11J1JJaw 
#f 1850EJl'.iE8"J fir $200b8"J ~,t ~$"'i'i}J{t O 1,u~□ '!zlllJ'(i JGl lOPT [P] :::l:=.$$Wj200a8"111tTE*tJE 
220, $Lli}J *t3E2305fD/~¥t rAJ *t1E240btJ!E§.-=f {§ ~ ({yr]~□, t2 EB CAN,t;,~) , rJiff.cl!bt i=$iW3 
200a8"J$P~ ,$:iier;f${ft,~J3t2&3t5FD/~1Jrw12&:3to yj)'l', !zlWJ'(iJG110pJ;j:jg@:~t£iH4HS":,8, Ll 
5[ .@:d:.$$W3200a8"J{l.l'.5FDJ!f3tr)(:3to lfi1S":,r:'rnJ ~r EB g;r:ITT:r:~ C ,Wt~□,~ - g;ri;h~) 5FD~ ~Hi 
$$~ (~~□ BU.+-200h) *1llR1 § ti~ti:zz~R1.+-mti~ ({fU~D, 9"1,81610, ti.m~Jl 620,;tj:iJl 
tf1630, ~~) o!zlllJ'(iJGl lOPT iijlf $r~:rt:81 *Ji, {~1~H4HS":,8~~ § ;j:i,~;j:i, ◊!zlllJ'(iJGl 10 
J± PT~ rrm ;E ft ;f$; 1t ~ 1~ Ai: c 1,rJ ~□ , t§ xtr tr. mtt 16 20 5Fu timtt 16 30) it~ o tE!zl~. • JG 
110iftfl!ff $J.Dht*JX:lf11'.H4Hi,8 ii;f$St, !zlWJ'jI JG1 lOJ±PT'ftxt%p\ZtEH4Hi,8ZI'[] 8"J~'i'1i 
fLl8~ lKffi*it1w~$ tlb$i1§ ,@, o 

[0291J a~®~~1f:ct: q:i, !zlWJ'(lJG110 c11u~□, t2EBtAffiJJ1tQfAJm1J~1705) PJtt~W3'i' 
$$w,j*ijJcR1 ~~{ft.I'. ,J!)]:,fo/~:1JDJ!)]:£'-JJR PS ¥11~:i:$$w,j2ooc11l1JJ BU $2ooh o 1YU~□, £'-J5R 
PT~t\wf JI:±$$Wj200a~fif $200bZi'RJ 81rm'.iE~1}Ji!Q ~ (fyLJftD, :iz:i:ft!Q~) ~$$w,jz['R] 8"JJ!)]: 
:fU / ~ :1JD itBt 81 rm '.iE ~A~ o EB lit , ~□ * ffi 1JJ fir 4: 20 ObtA ff 81 i}J iti:ij-Ji& ~,t ~ $ "'i' t"J :m 
(17U~D, tl1JJ:1JDjJJ:ij-.@Jji::::l:=.$$jlij200a.iJtilifir$200b) , JJ1U!zlWJ¥JG110pJjji:ff:::l:=.$$jlij200a1§ 
fiHl 1JJfir $200b8"J ~,t ~ $,ti}J1t O jj >'r' !t .¥ a+twfir $200btA ff 81 i}J {t ( {yLJ ft□ ' $m;f$ 
1ft) 811B] st' !zlWJ'(i ]Gll O Pjji!z: 11'.:::l:=.$$j#;J200a!E~~!l[fir$200b81:ifil&$frm:lf H£1!Jl~fir $200b 
8"1 rm '.iE Ji!Q ~ ~ :iz:i: JEQ ~ o !zlll J'(l 5c 11 o 3'cp\Zi3:pJ im:i1¥111± $$w,j 200a: (i) ':13 i'RJ Ji!Q A rrm '.iE 
~1Hi:e~ at, ~lirmifIT~fir /4::200b81Ji:e ~ ~Ji:e; (ii) ~lirmi~TI i=/4::$jiij2ooa~fir /4::200b81it 
BtZI'[] 81 ~He; Ll,& (iii) i:ij-fir$200b81 :1JD~J3t!JLWc~~rm'.iEt"JJR ~Jt8"Jli&o 79 7 t~$Uik 
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®i}J f'I= 8Z il0A tr fU 1t 0-l~~' ~:Em• 7G 11 OPT ~T--½ -mr $2006 Er:J ':1§ flrfilnmUNB /§ii ':tat i~4lt,t 
i}J f'i=~:tJ.m~l}* 0 El=ul:t' {JU:ti□, ft~ITTf $20068"1 /Ee ~~/J\at' £:k8"1:fx..mPT:1JoiU~:i!J::' rm~~ 
[r:;Wc,AfJ$20068"1:1JDJ!u 
[0292] f'i= -'fa; 5~ ~/J\ f11J, ft±$ffi2ooaLl:krflr $2oobi!Ji'.O"JJ!li'.t#if=iflr $200b01t1H5t 
r, ~:£1!l..JGl lOPTit1f:=:l:::$$jlij200a~i-tll~i!, 111~ ':1§ pij,t$$pijzJs] 8<J lfel§!i~TtITTJEJ;(:i:Jfe 
I~ (m:ti□~+NtU@fte1~) at' pij,t$$W381:i!&tB[P] oft jj~7}\fJLJcp 'ftBU.$2006~~t±:lJJMft± 
$$W3200aflr7J81't'lm r, ¥3z: 1fpij,t $$W3zJsJ 8"1 b!e l§!i 11\-f-j~ul\b!~ll;\ffb!e l§!i, ~W• JG110PT¥3L 11 
:=:l:::$$pij2ooa~i-tll~J!Ll Jl~]eJ#iEiflr $2006, rl atll:1Jo$$W3zJ8J s<J fte l§!i 1i:¥Lli~fte l§!i iU:ib~ 
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~ :l:~ PT Jl 1f :3t ij* s{] 111: t@Hz D ffl r 1=J !zt nl1 J'i'L JG 11 o iffi 18111: :Jm o 0 3f S{] ~ iIBi 7f :rt 3f ::F ~~ r 1f {PJ 

tt 5E s{] ~ ti Hz n t10 xtiEix t1J, i5l o 

[0316] ti r *' fr~#l2·110' !ztWJ'i'L jGl lOnJ 1tffli'.£ EB 9&tli!Hi D 128titf,(S{] $~"001:l*Em 
JE frffi ~ $$~ fl)!~802J: R{] ffi ~ $ mt"J 5RlP frffi =$$]ffJfl)!~ 81 2J: R{] ffi =$ mt"J * 0 {ylj "90 '1t j;; 
'¾'.lM!:iv#l2440S{J~$7J" '!ztlJl!.J'i'LJGl lOPT1Aff $mt"J5Rtl)~910S{]}l't4-ont~zv' 1"1= )'.IPJlJE% 
~ ¼ m: t1 * ~u ~ = ¼m:t1 * s{] ~$ ?J" , !ztl111. • JG 11 o PT 1ir ffl J: oo ta if oo sA.¥ oo soii its{] rt 
fiq:i s"J~~wt$~" 0 
[0317] fr~#l2450, !ztWJ'i'L 5GllOpJ$t.Ef)( § :ri$$plj231 o o j;; 7 $t.Ef)( § :ri$$plj231 o, !ztWJ'i'L 
JG 11 0 p HA 1T § flf $$]#3 $t .Ef)( :t:l ~2 410 0 {ylj "90 ' !ztW. ;G 110 p Jtjv/r tl't 4-* ½'-tfr $t .Ef)( S{] 001l , ~ 
i9.JJIJ § :ti$$w,j2J10ff:ltl:R{]%=$m2J4o* _ft11Jl5E § :ti$$~2J1 o¾~fr$$w,j2ooffillR{]$m 
2330c:p ffilloik1r/t11Jl5EPT~r J:®tail-00 5A.¥00 5Dfs!ij£S{]tt:t◊ 
[0318] frti?#i2455, !ztnl!J'i'LJGl lOPTEm5E § ti¼$plj23101fills{]m=¼m2340~~::F~ T 
$$plj2001r Jtts{] $:itef 2330 o 
[0319J fr~#l246o, "90*~=$i11234o~ ~ r $$plj2001rillS{]$i/1233o, JJ1U!ztWJ'i'L 5G110 
Pj ff$$~200~~'l!J$~~ § :ri$li#32310o7'J J 1f$$]ffJ200~~~$~~ § ri$$]ffJ2310, !ztWJ'i'LJG Pj 

tAffiJJ1"i=tJ)R2415 o 

[0320J ti r *, fr ti? #i2 46 s , !zt n11 • JG 11 o PT tA 1r § :ti $t .Ef)( m :1::1t 241 o ~; ~ ~w~ § :ti* $plj 
2310 oikPT '§1t1iiw § ti$$plj2310S"J~Bt:lf Hm5E § :ri$$plj2310if"90if§xtr $$plj2oos"J:l:fu 
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[0321] zv$J24 70pJ 111t1f6JlJE § :ti$~Wj2310~r!i BjtJ:A$m2330 0 :tlD*!xllJ.•5Gl 10li)lJE 
§ :ri$$Wj2310ri16 *illA$m2330, Jl!Ui=Ezv!JJ2480, !xllJ.•5Gl lOPT ftit$$W3200JG!J¾~~o 
[0322] frzv]JJ2490, :tlD*!xl:£!•5Gl 10,tiftlJE § :ri$ffi2310BillA$i!:!2330 (E!X~ rfmA-$ 
l/12330gxl2J,;l:tt;1nt!xl-f-i:ij-JH'f'.~$$Wj2310w A$l/12330 9'l sf.Jt}Lm_t) , Jl!U!xlW•5Gl lOPT1A 
ff i}J fFtl:f:ft:2415 ~J 9'l Jt~~ o 1JU ti□ , ~PT 'Btti:}. EB 1m ~ ~360 ibJ $ffi200 8':J ~JJi tn tz /ftii-\3"'gr 

JM~D O }N:Jr:rfu£!X~1~:tfu' zv$J2490pJ 111ti51A1T111t!SfrZ9J11=ffi~2415 9'l S':Jt~4' 12),J!J: 1l!JlW• 
5G110 rPJ $$W32oos1.J110t*tJE220, $UiJJ*tJE23olD/E!Xl~ rPJ *tJE24otzJ!Fh--rfa%, ff rm 9'l it 
~mo 

[0323] $f ~Jt$ffi l2J, ~~ ffA5(JM 
[0324] * tJE 100PTt~f~~JJJEff!tf f!}JJ}J~~tt, ffl r ll~jffi-Ll$$W3200M Jli:# _§_urtJ@rffA$$W3 
200 81 jj~ $$W3 81 Y-¥a o 1Kr 1mU$$W3200 ~11 m: PT 1'1tt 1Kr 1mUEilE1t 1~ 1-a o 1JU :ti□ El:li 1~ 1-a PT 1'11tit ~ 
6i!Effis':J □ti'sJE!X$ffi200EJ;!:t t: Y:.:imZi'sJ S':JJi1j\fgtJE]Ee ~ 0 *~;ElOOpJ ill· ·zvi!J:11$$W3200* 
I&~!iHli)J11= l2J, Jl:9'c. fiAY:.iffi o 1JU ti□ , ~lJli)J1i=PT 111t!$Ui)J, ~mE!X l2J, ;t:t t:1f:rf:~i)J$$W3200 
sq ii~ 0 

[0325] ti□ I!! 25 9'l i!I 1J-: sf.J, 1f $W3200 PTi=EmliI£ 2500 _t 1Till o ip$W3200 PT 'ffi 12i ffl rr& iffi-U:# urtJ@ 
r{iA3tiffi8':J *~100 o 1JU:ti□ , $$W3200PTliJl5i:'.jj~ $$W3lEillA$$W32008':Jffill$ii'L E!X~ ~j 

;!:t t:1J A 6Jl }£ yj • $$W3lE~:i11ii!Effi I~ 11. 0 $$W3 200 pJ ~~ :imrl ©:tin~ Z9J Ji!;£~ ' ~lj Z9J E!X :iJn jf rm M 
fiA$$W3{~)'. t±:1 &BZ 0 

[o326J :ti□ t§.xt-t-i!I RA.¥ I!! RnWi~Rq * H:ti□ l!l 2sJ1Jr~, $$j#;J200 PJ 1111~~~ $$j#;JiD!1J802, ~ 

~ $$w,jf~U802ftQ;g~ $mtf.J}R2502PT 12),~;g~ftQ ~ 805 o :Rfl;JJfu, $$w,j200PT 111tit 55 ;g~ $$w,j 
1~u 8 o 2 t§ & s':l m = $£tpi,j 1~u 812 , * Fl. m = $£tpi,j 1~u 812Ne m = * m t"l * 2 5 o 4 PT r; ~ m = Ee ~ 
815012),~frpjf ;r\'.:, m~ $il'H{]}R2502lDm=$i1:Hf.J}R2504 pJ~~JE$$r}§200pJfrjtl:S':J $Ht 
25050 
[o321J *~JE 1 oo PJ¥-t- rn l!lfttm~~.11. 122-1269'l R':J~t-E!X:$-t~~R':l $-tl!lff)KliJlJE 
;g~$mt"J}R2502itD%=$mt"J}R2504otltti~®~JJltl7f:rf:,;g~$mt/,J}R2502ifD/E!X%= 
¼mt1 *2504 PT rn PT m s':l ¼mm3'JL cm:ti□ :tiic 7:±:Ri oo _t sq~> -tRiu o .g:7f>:tt11£!X ~1~:1:t, m ~ 
$ il't ~1*25 0 2 lD / E!X m = $ HH'b * 2 5 04 pJ 111 tit Ji!;£ TIIT sq Ji!;£ :ill O :tlHJis ~ ® ~ JJm 7f A , ]UJE 1 0 0 pJ 
5m:i1i-5U1UJi!&TIIT~Jts'-J 9'l }22520 c~~1ffnJ;t:tt:17~B'-JmJi!&t~1iE$$pi,j200PT fflfi= ~~Jt¥1t) * 
6Jl7i:'.m~ $mt1}R25025¥D/E!Xm ~.$mt1}R2502 0 ':1317U:ti□ t~JEmMt$ms"J ~*iinmriE!X 12), 
;tt t:1f :rf:W~ :ti~Bt , * tJE 1 oo PT *.tlX~1rl11f:rtmJJIJ $mt'b JR o 

[0328] :J,& iffi-U % ~ $ m t"J }R 250 2 ifD / E!X % = $ m t"J }R 2504 pJ 111 tit !xllJ.. JG 1106]@JE t; 11'] fr 
t§:tJ1A~:ti *tit 9'l s"J-tim~ o{YrJ:tio, m~ ¼mt1*2502;rW/E!Xm=¼mt1*2504B"J -tim~ 
PIES m- $JYlA:miJ£o~ Tm~ $:i1'H/,J}R2502lDIE!Xm=$m~1}R2504S':l -fiJ!:tJ, !xllJ..1¥ 
5c11 o PT 1t~iEiJJ ~ix, it:tio $$pi,j200 sf.J j!Jt, 1Jila~1r:lD1mfrJJjl$12J, .&.:iJoj!Jt o PT m:tt, !xlW • 
JG PJ:r&iffi-Ufil'!~ lD f$Z9]$$j#;J.&.;t:t1:v:I, ~JtrPJ , :ifil&lD :iJo:ifil& ct1)t§ xtr $$j#;J 200> o !xlW• JG110 
PT~JEmM~~tt~12J,~M$~1!1-~!IXB"J~~~~h-~~~o 
[0329] ¼$pi,j200B"J ~!.llf ff!3cr!f~i&s"J ~, :tlD*{923tiffif$fft:¥U¼$pi,j200 pfrff !Ji B"J ¼i!:!2505 9'l 
~~:i:s"J, Jl!U1=Et§i~E!X~11ili:t§i~$:i!'t9'l fr Jtts"J ;t:tt; y:,lffi~:ij-fx~Ht o EB Jlt, PT1j~~ m:# 1Kr iffi-U 
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fri5:'1'.r$@ cp ffillB':J 5(,Jffi' ~:r&imuxtr $$]1i3200El':J $@2505El':J 1WLl [P] 1iA' 1tf~$$]1i3200PTM 
1W~ [P] 11t:A {~!£ w &m L2), :ill¥:§?. :Pi!Eti O * ;JE 100 pJ ¥r $,,t 001l*iR:!5U11t:A$:$]1i3251 Off Ji ;ii)% JE 11t: 
A$$W3251oiEtti5:$$W3200 u ?!.\Fo, *tJE1oomr"'tiJJ1i*1& m1fA$$W3" 1lfU:tz□ , *tJE100PTJ& 
1t * $W3 200 tt =t~ ~ rir ±! Ji'.ff _ft fr~~* m: t/,J * 250 2;f P ~ = * m: t{] * 2 504 if;J 11°:itl: , 1t 1~fr 1i 
A$1W32510ttlli:s"J~~ $1W31WUso2_ts"J ~ ~fte: fi!i 25301_:r~=Ne fi!i 2540 o 

[0330] ~ij[J¥L 5Gl lOPT;JiJmmEfiBJE$$W3200Mi5:8"J ~,,t~$,,t1iA$$]1i325108{] -fffr o Mr 
~1'-15cA$$]1i32510 '~W-5Gl lOpJ;iiJ%JE1it$m!l301it$mmm 1'1ti5EJ%JEfr;l:t3firf~iJJ!H:fI.ff 
cp ffA$$]1i32510~~i~1:fir $$]1i3200S"JfflJEmtlfil if;) o:izD*~ij[-5Gl lOEJ%JE 1fA$$]1i325101:fI 
r~i~1:frr $$]1i3200S"JfflJEmtlfil if;), ITIU~ll• JG PI11J%JE: 7'11t $$W32oomtt1fA$$]1i32510, ft 
~~ $m:t{]!$!:2502;fP~=**t1!$!:25o4 if;J ~~~ HJJ!6 □"J:2 raJ O :tz□ :!fJ9:~ JE tf6o"J:2rsJ, ,01,1~ 
ij[.5Gl lOPTtA1T3tJ11o :tzo*:;g )E t§';s"J :21'8], mu~ij[-5G 11 OPT11J%JE fr$$]1i3200~ffA$$]1i3 
2510zJaJ Ne I~ tiu11z ~u ~~:;g JI tt8"JstraJmtt1iA$$W32510 o 

[0331] WLl:tzn ':tzn*:;g ,li Wf B"J P1i'sJ 'mu~w- ;Gl lOpJ }aZ9J~t:!Jcii5fif$;j;JLqJ L2), mtt{~A$$]1i3 
251 o o fit$;tJLiJJPT ~ ~ij[• 5G11 otJ~ff, ft 1~$$W3200 s"J f$iJ1xt~1&1 ff! rm a -'f ffi rm ~r¼! o 1lfLl 
:tz□ ' ffi f$ =ti* pJ A tf.J 7'J O . 15 * / {!9 JU O . 7 5 * n!P O ffi f$ tJl i}J pJ tA ff 7'J ft 1~ {if$ ;j;JL i}J S"J ~ A tm 
~ii~ R"'t fr ip.$]1i3 200~ {fA ip$]1i3251 oz i's] s"J i's] fte~Uli B"J B1 f~ 0 :tz□* 19: ;;g )E {iJ$ s"J Bt fa] ' mu ~;Fl 
l¥L5Gl 10PT J§i}JtlJi}J (1lfiJ:tz□ , t~ EE ibJ tUZ9J *trE230RJE~ -J-18%) , ~J§ J§i}J1ffiBf$;tJLi}J (1lfiJ:tz□ , 

:imrlrPJ-=pi'J'fE*tJE22o;fP/~~rPJ *tn240Ri!rg rf1§ ~) o 
[o332J *tJE10om¥r ~ 001ttm~~11122-126cp s"J~,,t~$,,t~I!Xs"J $,,t0011*11JlJE: 
fiA$1J#;J2s 1 o a~tt.¥&~~1rit11~Jm o 1lfHm, .¥&~~1rit11~Ha PJ'E11r1i"$$J#;J2oo~fiA$ 
$W,j2510Zl'R] s"J :fd\fflJEftQ fi!i 255001lfiJ:tz□ ':tz□ 00 25 cp oo~s"J 'fiA$$W,j2510~ tll )'.l~rl~ lj\ffl 

7E'Ji:e fi!i 2550 0 _5jfr:l:ili~ *1~:tili' .¥ 1J>~,,t:fiittlir l~fi[pJ 1'1ti5$$]1i3200~ {IJ\$$]1i32510i~~1ii!E:Jir 
s<JB1i'sJ o¥TBt i'sJ s<JiiilEti1~11lPT¥T r:Y-Ll *-µJlJE: $$rJ3200~ fiA$$ill32510zi'sJ S"Jfte ~, $ 
$]1i3200;f P !~ 1iA$$ill32 51 O s"J i!Jt, $$ill3 200;f P /~ ff A$$]1i3 251 O s"J 1WLl [P] i!Jt;f P /~ $$]1i3200 
;fP/~1fA$$]#32fil OR"J:1JP:iTIWL¥r1ii!EtiBti'sJ R"J1ii!Etil~J{!'I PJ~JET'Jft i~ ~;JEJ oo:;g )E{iJfR"JBt 
l'RJ *1f tY:illff ~!iUli}J{i ~Jl:§'c.1ii!E:Ji o 
[o333J :tz□ * *t.ft 10011mJE.¥1J>~,,t1ri!E:Jm 1~m a ii~tt, mu *t.ft 1 ooPTJ'I[ 1t ¼$iJJ,i2oo*Ir:z.~i 
]Mi}Jfi O WLl:tz□ '~PT 1'1t!iY:1t$$W3200S<J ;l:t 'tr *t'JE~{f O EE JI~' *~lOOpJ~{i=:mJilB1~-=p 
1JE*~220, *Ui}J*tn230;fP/~$t rPJ *~240iffi {1§ *tSc 1t$$iJJ,i200B':J i!!t±§' )JP,~ r)(3t$$W3 
2oos<Ji!&5fP/~7JrPJ o 

[0334 J ~jJli}J ff PT 1'1tr1i"IY: 11'. $$~2003tilL PT :!f:Jl~ ft 1lfLl :tz□ $$W,j2ooft $ $ili /§'Ji! i~ !E-& _t ff 
:itl:B<J f~:m r uf!ij J§Z, ff _ft* tJE l0011iJE: 3tilifil fi!i {~A$$W,j2510i~Jl:§'c.1ii!E:Ji o~jJIZ9J{f pJ 1'1t! 
it¼-$W32oo~iJJJU45~ o -g1r:tili~*1~:tili, ~i:iMiJJ{iPT 1'1ti5~iJJ¼-$W32oos"J E45~ o flfrJ:tzo, 7'J 7 
*Il':l_~j]Mi}J{f, ~W--'¥ 5Gl 10PT rPJ-=pvfE*t';E220, $1ji}J *t'3E230;fP/~$trPJ *t3E240RJ.!rt! r11§ 
~ .J 0 

[o335J * tx 100:if pJtiJjgmfr~!tiMiiJJ fi=a 3'EmzFoitft $1J#;J2oo*Il':l.iJJft o 1lf~:tz□ , ~tx 100 
PTIY:f1'.$$W,j200:ig@IJU$$W,j2ooffills"J$ili25o5s"J cp }~2s20 o ~j,r:l:iliEJX~1~:tili, *tJE100PTft 
Uf/ijJ.if.r{iA¼-$W32510tLli}JzJBi~{t¼-$pi,j200'!1k1l[ffl~it&o 
[0336J 00 26~~03f sf.J~JJfil1J:&:-;t§~J!{sf.J 1'f1i1:ff: 1408"1 ~flfLl-r':IJl!OO, 1~1'f1i1:ff: 140PT-1¥1i1 
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mr:r&iN~ff _§.uf/iJ mr $$W§B':15ciffifmUrPJ ffAB':11~4-o ftuoo 26cr OO:,r-s~, ff1it~14oPTtf1it$m 
t{J}RtJ~2610, 1lA$~W§$tlt:tl~2620~trl9.Jfi=tl~2630 o 

[0337] a~/j'~~lm7JA cp, $mt'b}R:N~2610PTflfi:/H~4-, 3 EB 6ztll-'¥L JG1101'Affa1, i~ 
m 4-m:r& 1N1J ff_§.~~ 5E ffi ~ ** t"J *250 2;,rP ffi =* m: t"J *2so4 o w,J ft□, 6ztJ£ • JG 11 o m=rAff * 
J111ffiaif$ t{] 5Rtl~261 o, i2J, 6zt:E!ff .¥ &~~ 00 fi1l!J$t~ii 122-126:tf q'.I( s"J $'1'001iff _§.:J;& iN~ 
~~ $i~J"J}R2502l□ ffi=$m:t"J*2504 o ft□ J: oo itit8':J, 3ZPT t11JtiQ111Jri~n*8"J $m:~l□/~ 

i»1L~i]f$ rn:i8"J cp }2 o6ztW-'¥L JGl 10PT¥r J: rn:ifa*00 5Aif:00 5Dnli:i£81vt,f*=rAff3Zf~?ttJ-r o 
[033BJ a~~~JJm1J:if: cp, fiA$$W§$t.t!Xti~2620PTflfi1H~4-, ':13 EB 6zt:E!-'¥L JGl lOtAff 
st, i~ t~4-PT:t& iN~ ff A$$W§251 o 8"J 11-tE# _§. %i iN~ ff A$$W§ 251 o o fyu ft□, ff A$$W§$t.t!X ti~ 
2620PT -filtt ffl Ti!Jfl5EffA$ffi2510:Jtr $ffi2000"Jt§xt:l:tl1,1201:f'~4-o-tE~®~JJm1J:if: cp, 3Z 
PT'ffit2£%iiNHfA$$W§2008"JJ!&ot~tAs~©;~JJm1J:if:,ffA$$W§$t.t!Xtl~2620pJEJl5EffA$ 
$W§ 251 o ~ ~ e ~tt E1E1i 1~ 11 o fyu ft□ , E1E1i 1~ 11 m 12), ~ * $r!§ 20 01=; fi A $$W§ 2 51 oz 1'aJ 81 ~ 1J\ tm 
5E/Ee~ 0 ftn5IHxA$$]li32510tt~1J\jy-!5E/Ee ~ :~Jf:i5:$$]li3200' !J!U6ztW-'¥LJG110PTEJlJEfxA$ 
$W§251 o 81 EJl-tE ff A ff _§.tJ.lff 1'~4-12), ii%1=JfiA$$W325101J1:lEJi o 
[0339] !h:9r:l:t11~'® f~:l:t, EilEtil~fflPT -filttiilHist !'BJ o~rsti'BJ 8"JEilf;:J'i l~f][PT ~r r JU* 
EJl5E: ip$]li32001=;ffA ip$r}§2510Z['a] 8"J Jee~, ip$]li3200fn/gxffA ip$]li325108"JJ!&, ip$]li3200 
tP/~f~A$$iJB25108"Jf~illfiJJ!&fP/~$$iJB200;fP/~{iA$$rJ§25108"J:iJU3!&o~TE1EJiStl'aJ 
81ii1Effil~ fJ[pJ iM:5ET'J ft i"F6ztW-'¥LJG1 lO;,fP *~JE 100~ ,it 1iJ$8"JDt i'aJ*~7/.~:lttff ~jJil9.Jfl= 12), ii 
%iilEJio 
[o34oJ :ltl:~w, 6zt:E!-'¥LJG 11 o PHAffiJJfttJ~263o, 12), rif/iJJ.5S7. rfiA4"t~2s1 oR"J:r&1N~fP/~ 
~rl iilE Ji I~ fJL fyLJ ftD ' i}J 1'1= tJV~2 6 3 0 pJ ,fil t!JZ ff B"J f~ 4- ' i~ f~ 4-m Tix ft$$~ 200 t1H~ 3 ru 
J!&ff Fl.1£ffi~ $mt"J*2502lPffi=$m:t1*2so417') ff ill, ff:fiffi~ie:~ 2530Arffi=n:e 
~ 2540 offi~Ne ~2530PT 1ir:T $$pij2oos"J 1=JfiA$$iJB251ot-§fPJ s"J Jj~~f~UJ:, ff1i$$rij2ooa 
1}}{.v:-yffi~ $mf:J}R2502fPffi=$mf:J}R2501 fAJ S"J ~ St£:® ~1fA$$iJB2510 0 fto~6zt:E!-'¥L 
JG 11 oEJl5EEi1i1~Ha211t~tt, !l!U6zt:E!-'¥l x 11 o PHAffiJJfttl~263o, 12J,ix 1i $$]!13200*.t!X~i 
:ili}JfJ=, ~ft□1ti}JN%~, 1Ml9.JifP/~1tmo i}Jf1=tl)~2630~PT -filt!JZttB"Jt~4-, -tE3'cm;~j:ill9.J 
f1=z!B, i~tfi4-i~{ll'.'.¼$iJB200'!1k1IE45~ ofyrJfto ,-tEtiJi}J~~@J:¥Ll¼il2so58"J cp ~z!B, 6ztl111.-'¥L 
JGl 1 OPTJX{f $$iJB200'J1k}[ fmi&J!& o 
[0341J 00 27 OO ?f, 7--½ 03f s~ ~ hm1J:rf:;t§~rxB':1:r&1N~ff _§.rif/iJ J.5S7. r $$r!§B':15til 1~u rPJ ft AB':1 
7T, fy~ tt:i:t:f-'f 2720 811JrE:f-'f 00 0 :i:t:f-'f 27 20 Pj if{ 111J ~~ 5E$~ff :itt81 ff :itl:$ill81 $illt"J}R 'E)l JE 11 
A-$$~251 o~Ntf:i5: ,ff _§.JX{i$$~2oottt~':1'ifiJJ!Ji#-tE%~ $mt"J}R2501 ifP%=$m 
t{J}R250417'J ff:ltt, 1i1i-tE$$~2oos"Jf~A$$~251otf:i5:B"J E~~iDliJJ:s"J;g~Ji!f! ~2530Ar% 
=n:e~2540o 

[0342] 1±&#12730, £&~~001ttm$t~lil22, 124fP/~ 126PT$t!!X$$jll3200~f1:i5:rR±is"J 
$~00 fto iYUftD '-filt!-tEOO 1t$t.t!X-'¥l 5Gl 20 4-181 t-§tJ1 (mfrD001t1m$t~jf 122) pJ-}f$t$~00 
ft ff_§. t.£ ix~ ii :ti c fyiJ ft□ , u sr3-,:1e ~ , if z , ~ ~) ~~ 0011 ~ :lE iU 6zt :E! ~ JG 11 o O 7:'E ~ ® ~ JJmJJ 
:if:cp, 6ztll-'¥LJG110PT i.£83 $~zi&1As1f D }fq'.1($-y~~s"J $~00{to fyLJftD, 6ztll-'¥LJG110PT ff 

00 fttm$t~li122, 124, 126cp 8"Jtf~tizq1z:$~00 ft, 001ttm$t*II.122, 124, 126cp 8"Jtf~:l:'.)J 
pJ JI_~~ ij* 81 Jj( tAs:t:t n ffl T 1=j 6zt:E! 1'j'I. JG 110 JllH§ ix 1fiS O 03f S"J ~ JJm 7J A ff :,ff,~ T ff fiiJ t~ 5E 
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s~ittmti D t~m~t1J,t>lo 
[0343] ti r *, ftt'7$J27 40, Yi:£!¥5Gl 10-aT 1fJfjti El=! f;JfiHi D 128:tlqyJ{] g;'1'0011*:P-Jl 
;E ft~~$$~ f~ij 80 2 _ts{]~~* m t"l * Jf P ft~=$$~ f~ij 812 _ts{]~=* m t1 * u 1Yu ftp , 11: 7'J 
':'kinli:t'7!:IJ27 4o □{J~iffl7J'-, Y±J£¥5G11 om1A:ff $mt1#tt~201 oO{]t~4-o Jtl:~t'7, ff 7'),tiftl5E 
~~ $J1H"JJRJfP~=$mt"JJRs{J~tfi17J'-' Yi:E!¥5Gl 10-ar ~)=§_t Tiota,&r005A.¥ 005D i-tits{] 
jjJ¥ cp 8{] ~ '1' E!X -;t '1' 0 

[0344] ftt'7$J2750' YiW¥5Gl 10-aTiiJUE1xA$$~251o~~:tl:i5:07'J 7 f~!z t±:l~lrJtiiJlJE' Yi 
:£!¥ 5Gl 1 O-aJ:J'A:ff 11A$$~$U[Y.ti~2620 o 11A$$~~I!Rti~2620-aT 'E!t!S Yi:£! 0011 ~ f&iffi-~ 
:it t: x.iffi s{] :t~ ➔ 0 ~ m '§ 115 ft$$~ 200 s{] tt ;Em tlfil pg iR JJU $$~, ii ftp 4~:i5: *~200 s{] jj~ ® * 
~ o~ ®4~:i5:$~-aJ~~~fiA$~2s10 o 

[0345J ~ _g 11A$$~2s10i11z ~RJJIJ, Yi:E!¥5GffJt-aJiiJlJE~r $$~2s1os{]~g;11Ll~L fyUftP, ft 
7-V ;12 s s s , Yi :E! J¥i. x 11 om :P-Jl 5E B ti*$~ 2 3 3 o ~ ~ e mi jjJiM ti ,~ 11 o fyu ftp , 11M ti ,~ 11 m JJ, ~ 

$$~200-551xA$$~2s 10::t1'sJ s{]Ji1J\f»-t5EJEe ~ o ftn*1xA$$rJ§2s 10 tt:Ji1J\f»-t5EJEe ~ £:tl:i5: 
$$~200, Jl!UYi:E!¥5GllO-aJiiJlJE1iA$~2510B{]11Jlft1iA# _§jj~:ff:t~➔~Jl%-551IA$$~ 

251011i\E:Ji: 0 

[o346J ~:7rJili.~f!f 1~Jth, :nM:ti1~mm ~~:nM:tiat rsJ ◊¥ratrsJ s{]:ni!E:ti ,~11m¥r r JU* 
EJl 5E: $$~ 200-551~A$$r!§2s 1 oz r'sJ 8{] JEe 1~ , $$~ 200 Jf P/!!x fiA$$~2s 1 o 8{] ~nr, $$~200 
;f P/_gx 1xA$$iJB251 OS{] 19lij rAJ 3!&Jf P/gx$$~200;f P /_gx 1xA$$r}§2510 S{] :1Jn~& 0 ¥r11i\E:1i □t ['s] 

s<J11Mti1~ f1-aJ i&5ET'J ft itY±:E!¥5GI 1o;rP *tJE 100~ H: ti s{]aJ rsJ*~~Jz:itl::ff liJliJJ1t ~ JI 
%11i\Etio 
[o347J ftti7JJJ276o, Y1:ri• 5G11 omi!il: 11'. $$~20MtH~':1='! mr~Bt* _§_ft%~ $mt"JJR2so2 
;fp~=$mt"J"!R2504pg :ffillo 7'J 7 !Hr!'.$i~200 r,,U~lrJt7Jit~1t, Yi:flf¥5Gl lO-aJ:J'j\,:ffi}J1f 
tl~2630o ~j!,:l:fu!!xf!f1~:l:fu, t'7JJJ2760-aJ 'E!tJS1A:ffiJJ1ttJ~123o_ts{]:t~➔, ~Jy:ffYi:E!¥5G 
110 rAJ $$~2oos{]:1Jo~~2610, tlJi}J~262o;fP/ElXl~ rAJ *tJE1zi!~ T11§%, if 1:t$~2oot1H~ 
':1§ fir :i!ffl'.# _§_ ftffi~ $mt"JJR81 O;f□ffi=$mt"JJR820 pg 1TJtto 
[o34sJ ftti7JJJ27ss, fto5'!Yi:FJ.¥ 5G 11011iJE11M:ti1~ 1i ei&:ruirl, mu Yi:FJ.¥ 5GI 1 om *I!Rli 
JliJJ ft o liJI iJJ 11: m '§ 115 iHt -4: l~ 20 o~ mo m .JtJJ ~ ~fAJ ;.ii. ss ~ , f71J ft□ , -4: $~ 20 oft g; -4: m /§'] it 
0fi!! l:.:ff .ltt, 3t _ft]UJE10011Jl5E~i1tilii ~11A$$~2s1oi~J&i%11Mti ◊liJ&¥iJJ1t-aJ 'E!tJS1f $$~ 
2oo~iJJ~fi!Z.~ o §jjb:l:fu~f!f1~:l:fu ,liJliJJ1tm 'E!fjs~iJJ-$$~2008"'.!fi!Z.~ o fyuftu, Yi:£!¥ 5t110 
PJjJUtr-AJ $$~2oos{]11vfL~tJE220, tUl9.J *t)E230;r0/gx!i:~r-AJ *~2401x:iE~ Ti§ %**I1Rli 
i!lii}J11c oft3'c~lii!lii}J1t::tFn, ftt'7!:IJ2780, Yi:£!¥5Gl 1 om:t~1M$$~200'~~;lt®'.5t;R{]-@Bf[ 
<1Yuft□, ,~~ -@Bf[.¥:ttA~s{]:l:fu,8) 0 

[o349J /4::$~ -@Bf[sq $ 1~ fi!t&J.il.l>Z 
[o35oJ *tJE 1oom:t~1~~JJivHf il)J:r;JJ~1H1:, ffl rr"t.$$iJB2oos<J ~lwJGZ, iifto$UiJJ, :iJoJ!, tJJ 
j1R;$@, llf ~ ;fP/~~t: ~Br[~fAJGZ O fyu ~□' ftD5'!*t;El oo.½\: 1ffi-ij1f ft~fa T $$~200~fiJ ~ '~ir 
$$~2008'1:ifil&:ffjtJ:S{] ~~ $$W3, *~;El 00 PJjJUttlJi)Ji!J: 11$$~200 ~ ~1}~:i!& o *~;ElOO 
-aJin/i::1JotlJi}J¥i?:Jfil, i~tlJi}Jf~m~ /SiUJxl~ (1YUftD, ME tis{] )xi,~) s{] ~~at,ti, )')~#i/JJ.111~ ~ ~ 
;/;IPT)rf,'217,:,.,.L, 
:Eh::J:J:.~~-IJL!,.o 
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Mo ~u* § ti,$tiJBtElrtr® fE ~iJZt# _ft :Pill:=!ii't''.! EJl5E·l·rtJxe~t1f~, !TIU *t1E1 oouf/iJ J5Y. rlrtr® § ti,$ 
m~~m~~~~~ey+*~;q}~.3§~1f=.mey~~ili~~w3m=!i~~~L*fflttffl 
'.iElt -'¥St, *tJuooeyrj;_ur!iJS, ii~rHMi}J, ~~u 3:p;)tJi~~tt~£r§'!St (1JU~P, *t)El00liftl 
'.iEE;tf;;Ji~~illfrm~f rm3c~~J&i'4tJft) , *tJE 1ooeyiJ:1f $$'pl;jl00*!i'Z~~J&i'4tJft, m~PiiA~ili--'f 
~AfffLlt9J, ~~ e&~, ~~" 
[0352] I!] 28A;fPi!] 28B~1=J 03f 8':/ ~ llfil:h:ittB~jj(:8,g :±$tiJB200atEi~Ji 2800 L 8{] 1~51:111!* 
~ oft -®~17U 9'l, jJi~2sooey ?J'-7'.JM'1' $ii, $i!i2810?fP$i!i2820 o @~n § t:if $tiJB200b81 
§ ti,x~·j. ey:arJ ~ $m (1JU~P, ~Pi!l28A;fPi!]28BJifrJF8{]$il2820) 81 ±$tiJB200aZ..ITTf 1fill~ 
tE~IBJ $m9'l o ~PI!! 28Ati!/iftB{]JF17U?fr?F, ::t.$$'pl;j200a;fP § ti,$$iJB200b ey ?J'-~Ji!e ~d1 o tEl!I 
28Ata1i~tm~z..J§0{]~'.iESti'sJ£, ~□ i!l 28BJifr?F, :±$$'pl;j200a?fP § ti,$$'pl;j200b ey :5J'-~Ji!p ~d~, 
;!:t9'l d2 1J,rd1017U~□, ::t.$$'pl;j200a§~ l:J,Ar § t~$$'pl;j2oob0,g~m1Till, it1t $tiJBZl'sJ 8{] Ji!e ~ 
JA d1 ~if.¥ d2 o 

[0353] 11:: 7'.1 yj ?FWU, :±$tiJB200a?fO § t:if $tiJB200b§~ l:J, t§ fwl B1i!Gtfrill, .a¥u § t:if $tiJB 
2oob3lUitUi)J~&;t:t~m, ~w :±$tiJB200aimtt:1Jo~tt:1Jo;t:t~m, iJ:ft $$'pl;jz..i'sJ Ji!e ~ !Adi 
~if:.¥d2 o1'J:::7'.Jy'j~JFffu, § ti,$ffi2oob ey fA:±$ffi2ooa0,g~f~Ll1iAo fr~®'tir~r, ~o* § 
t~if tilB200btE:± ip$P132ooaz..lrtrwt1';·;@ ~ ± ip$iJB200a,@, t§;Ji!e ~ ( fYU ~□, n* l:J,L, 1 o*l:J, L, 
~~) # _ft$16J :±$tiJB200a, *ttE10oey~*Il:X 1ffr1Ji}JfFo~rm, ~□* B ti,$$P13200MJ1J~$l9J 
rm£tiili::t.$ffi2ooa, JJlU *tJE 10oeyJ3z:1f::t.$$iJB200a tUl9J, ~~3!Gt?fP/~~jJi "17U~n, ~n* 
§ ,ti,$$iJB200btEffl'.iE I~ {1 ( 17U~D, n* rf;J) rf;J , JJlU:±$$j:!J§2ooa ey *I&i)J11'" l±v Zz.:±$$iJB200a?fP 
§ t][\$tJ#;J2oohR1t§xt;®:mt□ 1:fl:.m PJ l:J,~~ 1BJ R{]tm~, * _fti~ffR1~llfil~:rt#~~~ r1ffPJt~ 
'.iEf~:~ 0 

[0354] {±~®~:ifffi~:it 9'l, $1~ f1i&J5Y.f>Zey~ ffl Pt~1f¾ § ~@3tf:~!11£§'.£ffi off1J~o, ~□L ® 
i-ti12:B1, ~D!f/:ti;tf;=!i~~1Jxf~, JJlU*tJE 1ooeyf§!,~ § t:if$ffi200b81f$i}J ◊ts*~, 3~1¥tEti;tf;=!i 
~~st (WU~□, =i § 1i,$$iJB200btEl00*2.lrtrSt, l::$$iJB200ai~~rm~+i1JJ § ti,$$iJB200bB1 
~~iEiJJ) , ::t.$1paj2ooaPJ~uf/iJSr § t][\$tJJB2oohR{]$iJJ~iJJft O ~rm,~□*§ t][\$$J#;J2ooh 
ti ili ± $ $W] 2 0 0aif P / ~ ~p 5f! * tJE 10 011)@ '.iE :p;)fz:ji~ ~ t1 r§'J , JJlU ey * !i'Z u[/ij S:rt tfli}J , Jffi tt t~ :1Jo ± 
,¼.$W,i2ooa1=J § ti,¼$W,i2oobz..l'sJ S{]71'sJ{rr1iffl ?@ffit£'Jx.4:" ~□* ~t3t10011ftl'.iE~nr ey§~ill 
a f§ ~!, JJlU *tJE 1 oo ey *Ii'ZJ! 1!J:JtlJ,g l9J1trm~¾ i3z: 1t ffl f=' !®iLlt~ W, l2Sl 7'.17'.1 JMji,:Plti 1~l9J1t 
ey f3bi '.16' ~ Et''.! o 
[0355] 12Sl.ut, tt~®~:ifffi~:a: c:p, *tJE 100 pn~~ 1BJ 01 &siz:--1:;~1BJ:f-'fm01 uf/iJSiJJft~ 
ijJco 17U~□, fr~®~Jfffi7JA 9'l, ':13 § :t~$$W}200hft%~1~ {irf;J st (1JU~D, ':13 § :ti$$W}200h:i& ~ 

:±$$W}200aSt) , *tJE10oey~*Il'Zi}J{f; ':13 § 1i$$W}200btt%=1~1i rf;Jst (17U~D, ':13 § 1i,$ 
$W,i200b£t#ilit:¼$W,i200aSt) , *t]t 10oey *!fl 9'l~i}J{t; ff Fl.3 § ti,¼tiJB2001=E~ -1~{.lli pg 
st ( 17U ~□ , ~ § ti$ $jlij 20 ob fE t§; tt ili ± $ tiJB 2 o o a?¥ tE :Pl ti Jx\Jfr st) , ]UJE 100 ey * Ii'Z St! 1!J: .ltt 81 
i}J{f 01±1=J~~1~11i~jj:~S,g~~ &SlX 4-1, ':13£5 § ti,$$iJB200b~jj:~S{]Ji!B § tiS{]{t1wJi!B~rt 
ffl5E~ ~Ji!e ~ AM fifBt, *~JE 100 pJ~*Il'ZiJJ1t. a ~®~llfil~:it9'l, 1±1=.i § t][\$$J#32oob~ 
ijJcB1Ji!Q § flFB11t.Ji!Q~m-Affl'.iE-ix:i:Ji!f1~B{]l. 5{ifiU2. 51if8{]ffitlfil p;J s{]tf,5t r 'ey Sffi%~ 
&;~rx: 0 

[0356] je § ti8{]1t~Je ~ ey l:J,~:±$$jlij2ooa£J § ti$$jlij2oobz..i'sJ s,g ~lrtr je ~ :1Jol:.1~je 
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l§!it2.fmiN~Bti'aJ (17U~u ,frO. l;fyfljl. O;fYB':Jmtfri ff;J, ~X1:k:r-'=.i *tnlOO*!f*B':J ~~, m~ui!Jtli!~ 
1i!.5H~tU:£f, ¥fli}J~JfP$tfpiji}J~) J§ B"Jfm:ltJ:J a~ o tJn:ltJ:Jb!e ~ a~PT it•79: (v§1-i-v3:) *tm11@+ 

( (a§ti-a~ *t:rJJWJU112) , Jt "P V§tilPv±7J\.JJiJX0"J.S~ T § 1i$$jlij200b;fP:±$$r}§200aS"JJ!&, a§tilPa± 
7]\. j]lj M@. T § fl[\ $ffi200 b;f P _± $ffi 200a0{] DP±! Ji'.'* H t:rnm1xt@. rfm $NIJ Bt ['a] 0 mi tf ~ili: * tJE 
lOOS"JIHtlx.@.R,traJ s"Jtmiffi.~Rt ['a]pJ ~ ffl. Ll r~~, ep :±$$ill§200aS"J :ltJl~ -@~J[U[/ij@.pJ~iL.ep 
~ lJfil, J)3mPT 79 ± $$pij2ooa8':! ~ JJt tfr;f P /.1'.tlt~~=t,&1~-'f ~ 8"J ~ ~ ~ JJt§::2 ffi o 
[0357J tlnJE~:i:b!e l§!i PTJEX.79: :ick {cl&, drg} o pJg]\.2*¥U10*mlE ff;J S"Jd&PT«~$ 
$ill§ f~ 1.bf P /~ 1~ J!f$ i}J Bt ± $ $jlij2 OOa~ ;jj ~ $ $jlij (it ~D § :ti $$r!§ 20 Ob) :tJD S"J :ltJl~ :ic± Ji!e 
l§!i ud"'~pJ ?f.?F$$rl§Ll ATi~J!S"JJ!&f$i}JBtS"J ;)tJJ"i:fJ.'ix.:i:li!e l§!i, * _ft PT it•79: t~*~lj\ 
(vfc!+i, v±) , *"PVfc!tilPv±7J\.JJIJxt@. T § ti$ffi200blP:±$ffi200a0"Ji!)i'.o t~pJg}\.o. 5;f!J;:¥1J 
2. sftJ;s"Jru!E ff;J, 3f _ft PTtlHl~1Ji!7'.!S"Jj".~f EB :±$$rl§2ooas"J~#3:!7'.!t2.EB ffl?=rf □ 170i!rfl~o 
EB .tlt, ~JJt i'nf3gti=t~tU:±$ffi2ooa~*t: $$rl§:ti'aJ*t1E10MtN8"J 1i!e1'f!i o 
[0358] fr~ffi=l~{J[*If*B"Jffi=&@IX c:p, *tJf,lOOPTi% § 1jj$$jlij200bJJJl:B'.1=E~:i:IX c:p 
3f _ftfPJ ~ § ,ri$ffi20061'A1"f B"J~fnJ1JLi)JAfe:1Jp~[nJ S"J:tJUi o f71j~o, fr§ 1i$$rl§2oob PTtiili:'ix. 
~IX B"Jr :illJn!.Bt, 11U~D, ~ § ti$ffi200b*!f*S"J 1i!e § tis"J1ii~li!el§!i PTtiili:fflJE'ix.~li!el§!i (J: 
TID ta ir ffi ~ lx.@. IX it itrl) , * tJE 100 PT Ll fPJ tJL 79] ®: j! 7J\. Wc £ A 1¥1 T)U[ ( 17U ~D , tl 17J £ ~) 3f 
Hr ft HJL i}J 1Ju ±! 7J\. Wc£ 1J\ 8"J tx~ c 17U ~o , tt 1:ir~ 1J>) o ,a~®~ JJffi h A c:r , r :itl W PT g A ffl 5E ix. 
:i:/Eel§!i B"JO. 5{-i}jlj 1. 51-i}S"Jm!E p;] (I!Y. tk:r ~#3:/j;_ S"J j".~f) 0 &rl*' fr§ tjj$$jlij200btfili:~ 
± IX B"J J: :ill Jn!. BJ ' 17U ~D ' ~ § f;f\ $ $pl§ 2 0 0 b * If* S"J Ji!e § f;f\ s"J 1t ~ Ji!e /§ii pJ ti ili: ffl JE ix.± Ji!e /§ii S"J 
rJ;I ft, ~tJE 1 oo PJ Ll fPJ t Ll)!J~:ifil7J\.re£1} R"Jt~.m c 1:fU~o, tl1:n£&) * H fPJ t LiJJ1JP:®:7J\.111ic£::k: 
B"J1X_ffi: ( 17U~o, ti1n£~) o fr ~®~Afe:1J:rt: c:r, r :itlJn!. PT%=AfmJE'ix.1:1i!Q l§!i B"J 1. s1t:¥Ll2. s1t 
B"Jmrn p;] (~X1RT~#i£!7'.!1¥J%}~f) 0 

[0359] fr~ffi- l~{J[*lf*B"Jffi- &@IX c:p, ':1§ ~ § t,j$$ill§200b*!f*S"J /Ee§ ,r,jS"J 1tW1i!e ~ 
lj\-yfNJt 'ix.:i:li!e /§ii Bt '*t;E lOOnJi% § ti$$rl§200bJJ.tl'. ,am~ IX 410 ,ai~+l=t~ r' *t;El OOnJ 
iJl:ff:±$$~2ooatl1n C1:¥U~o, iL.ePtl1)J) § tJ[\$$~2oohtAffR"J 1ffiiJ~:®:;tJLi}J (~ Bt~~m.1f 
{iiJ 1Jp j! tJL i}J) o fr~®~ Me: 1J :rt: c:r , fr~ § ti$ $)JJ] 2 o ob* ij* 1¥1 li!Q § ti B"J 1t. li!Q l§!i %= A ffl JE ix. 
~li:el§!i s"Jo. s1ir:¥U1. s1irB"Jmrn ff;J c~xmr~!.11£!7'.!B"J•~f) 1¥J'ttm r, PTJjLfflffi~&1111rx: o 

[0360] ,a~®~Jlffi7JA 9'l, ]UJE1oopJ~,'=t,3::$$ill§200aS{]U[tj@., i1PD$Ui}J O ~Di!l28B9'l t~?F 
B~, 17U~u, :±$ffi2ooa-'=.; § 1i$$p,ij2oob:ti'aJ B':JftB l§!i PT J).d1~if::¥d2 o I!Y.1:k:rli!B~d23f _ft"fil1$:¥ 
,a:PilHizmJS"JBti'sj '*t;ElOO PJjSJl:{f:±$;f]#3200a~&*:i!liLl:iM¥3'c..-f:; § :ti$:f]!i3200MilHi O ;jj 
&r '~~riJU~Dfr:PilUi:tmf R"JBt ['a], ':1§¥31:1~:±$$)JJ]200i1~&;ltj!H[Bt' *t;E 1 oopJAfe;jJp~,t 
~ $,ttu i}J$({ )fig O EB JI:~' ~D*fr:Pilfz:ji:tmf B"J Bt ['R] (if P/~jj!Q /§ii d2) ~U% ~fm5E ,~ {i' IJ1Ll * tJE 
lOOpJJ'i[ {ti=:/4::$p,ij200a~Ji-t/T:ittB"J1J~tUi}J, ~il;f-U/~a~itli, rfiJ~D*fr:Pilr:J'irzmJS"JBt i'aJ 
(fP/~/Ee ~ (b) 1~rffi= ffiJE I~{][, IJ11j ]UJE lOOPTiJI: 1f :±$$ill§200a$Ui}J, ~:ii'f fP/~ Ll St!·IR::i! 
s"J 1J :r:~ r)( ~j!& o 
[ 0361 J 00 2 9 ~ ~ 0 :ff s"J ~ Me:1f At§~#~ s"J Z¥1ii :ff s"J ~ 1:¥1J tHl! 00 , i~ Z¥1ii :ff iffi'. tiJ :t§:JJ¾f¥ fa~ 
m rtAff ~,t ~$ 'l'~if B"J t~4- 0 ~D 00 29 PJT~' Z¥1i~ 140 pJ {¥fit§ ti~ iffi.Utl1~290 2' E i¾ 
at 1'aJffl:t:k:29o4tuiJJ11:' uf/iJJjLffi:t:k:2906 o 0:3fs"J~Me:1J~*~~~ rf+fPJt#5Et1Jms"J Z¥1ii:ff 140 o 
Jtt~ w ':~t:I!.l'j'L 5Gl lOPT1Aff Z¥fi11=E1ffiiJtl~2902-2906 ( 111J§,a,t¥{it:ff 1409'l) 9'l S"Jt~4-0 
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[o362J fr ~"'i"':t hm1f Ai er, § ti,IBI ~mutt:J:~2902-ar-rrfittx 1tf:ti't4 cmftuitJftJU½1. '%tx 1tf:) , 
3 EB lxl:E! • JG 11 otJVff Bt , i~ tx {cf: ti't4 iRtJU ff Jillii: ~»rn W JJ!lfr:Z(~ ± $~jll§200 ~{t jfrvf i:l B"J $ ,t 
0011 cp B"J § flFM~ (iiftP § ti,$$jll§200b) u tB r:zls:0:rfB"J § B"J, § ti,xJ ~ fil-aJtif8ZT'J § ti,$ 
~2006, 11::!~ § ti,X't~ -aJLl~ff A3~J~m~ CfftiJftP, :;cof.J,p¥J=J) , ~o ¥1"0011-aJFl=l 0011 tlH:fit 
~.11.122, 124;¥P126 er sl.J ~,t ~$,t:f1t11:L 1xt:f!• jc110-artAlI § t,;j~Jlii:$mu:ti~2902, Ll 11J1tt 
00 ta ii- 00 5 A.¥ 00 5 DtaHt 81.J tl :fjl)i :i1 {lJlj ftp JJ\. tfi ~ ,t 00 1171HQ 11U * _§_ %11mu B flF $ $pl§ 2 0 0 b O EB 
Jlt, § tillii: ~»rn:t~~2902-ar M~~j ,,f lwJ B"J ~_;., mftn 1=5 § ;ti,$$pl§2oob*l}* BI.J iE'i9J C {YU ftn, ff ill1J 
rPJ ;fP$fLm) , 3£&:fPJJOJi&, Ll,&:±$$pl§2ooa!:J § 1i,$$pl§2oob:tJ8J BI.J Ne~ o~ttBI.J 1a }~, -aJl' 
Wr:f:i!!i~~ Ll iY1JiBI.J i'8J ~EUJr, u 

[o363J fr~t'':tnm1f Ai er, t~st r'sJ 11~2904-ar #fittx 1tt:ti't ~,~Fl=! 1xt:E!• jc11o=rA1r 
Rt , i~tk {cf: t~ 4 ,ti}§ 5E ± $$pl§ 200a;¥P § t~ $$pl§ 200b;zJs] BI.J t~ iG Rt i's] BI.J t~ /J.; :ff o t iG Rt i's] -aJ t~ 
fr:±$$jJ/§200a£:J B 1i,$$pl§2oobt$;fogr ({lfljftp, ,tii\E~) z_ju•81.J Sti'sJ _;, o fxl:f!J¥l jcllO-aJ1Affti¼St 
['s]:j:~~2904, Ll¥rJJ\.tfiEB l&l 1ttii:fit~nl 22, 124;¥P 126cp B"J ·,t ~$1'-:fitltx'.B"J l&l 1f*,tij§5E 
tt!GSJ rsJ sl.J t~?F ~ o 1YU ftp, t~sJ r'sJ 11~2904-ar 1tffl 1YiJftP § 11F $$pl§2oob <*§x-tr :±$$pl§ 
200a) BI.J {ft.'!., ~Jit:fP /~ 1Jo ~!it BI.J ~ *JU~ r st !'BJ BI.J ~ ~ (m fto-t $ ~ ~~ ~ ~ ~ ·ri= {,J( 

{ii~ (LQE)) *1t!H±H15Eo -t$~l~~:ff-aJ¥r § f1J\1f$p1§2oobs"J R&BI.J1mu]Ha5'!, ;ttcp R& 
1mu _;_ta~ !:J t tlG st rsJ JJx tt 1lfiJ o 
[o364J fr 'i' ':tnm1JAi er, 'i9Jf'J=Q[Aj @1~~2906-aJ?fftttx 1tf:ti't4 cmftnit~:tJU½1.'%tx 1tf:) , 
3 ~ fxl:f!• jcl lOf)~ffSJ, i~tX14t~4fr:±$$pl§200acp rfd:.~,t-~$,t-Q[A]@o?!ri£Q[/ij@-aJ¥ 
r § ti-$$]#3200h R"J iQ11iJ ;fP %11mu ( flJU ftp, f.£ EB tAff § ti-llii: 1mu:tl~2902~1Aff) ;rP /~ :±$$j#;J 
2ooa!:J § 1i,$$)JJ]2oobzJRJ sl.Jf:'::i¼St i'RJ sl.Jt~?F:ff C {YU ftp, f.£ EB tAfff:'::i¼St i'RJtl)~2904115@5E) o 

£U=f • jcll o-aJ Jl:i1 flf1jftp ( flJ1jftp, f.£ EB CANi;t~) rPJ -:t$¥rij200aBI.J-\HfiE *t5E220, wiJi)J *t5E230 
;fP/~$-/irtJ *t3E240'&_~~-r{§~*fr:±$$iJB200acp r,'=t~,t-Eix$'1"QIAJ@, Ll wiJi)J, JJ□~~ 

fHsr'a.:::h$$Wj200aBI.Jlf~, $m;f$fi[;rP/~7JrPJ r~~o fxl:f!• jcl lOnJ {tfflft *BI.J-t $ ~J.iHI!z 
:ff ~ft~!:J § ti-$$paj200h:fP:±$$]!13200a*lj:*RI.Jl!l:1.!is, @ftP: :ifil&, :1m:ifil& ,$~~-¥, {Jlt{r]J m, 
1Jltfl')Jj!$' § ti,$$)JJ]200b:t§x1r:±$$)JJ]200aBI.J {ft:'l.if PJmrPJ' § ti$$)JJ]200bBI.J:A:1J\' mlf-& JL{iiJ 
7f0:[k, ~ o flf1Jftp, fxlJ111• 5c 11 o-ar:tt~i * § -:t¼$Wj2ooa_t BI.J if!Htf: CmftPlI!J**, 't,ljHi iITT~; • JG 
OMu> , oo 1t1xt:f!:ff 190, ~> s"J 1mu.sJa * 0 EB .r1t, 1xt:f!l!.1¥ jc110 PT 1im fJ.JEiJJ s"JJE'i9J"¥:0:rl'.:1i 
fiJB~;[k~0Ai, [xJiJ'ftti~JR:fPiEi}J{~i&*itJ}-½ § 1i,$$Wj2oob;fP/~:±$$Wj2ooa*!j:*s1'121Xtfis, 
;ttcp 0 :ct:s"J~A pJ{,1:j:j§-* § :±$1paj200a-1B"J gHts"J$mu.mfa * 0 lxl:E!•JGl lO:i± PJ{f ffl _t 00 
tail-00 4.¥00 7fs!i:l£RI.Jvtt, Ll r:"±.:±$$)JJ]2ooaRI.J ~,tEix$'1"QfriJ@o 
[0365] 00 30 ~?F t±:1 £:] 0:rf BI.J ':tlrui:7:f Aiif§ ~fjl: BI.J m T r:"±.:±$$]V0 BI.J Q[ri]@BI.J ?F1YIJ ·t1:i1l£ 
3000B"J¥riEf* 00 0 frtb-#~3010' fxl~ .• jcl 1 o-aJt.£ EB 1irrlxlJ111• jcl 10-55 00 {t:fitlt:x:• jcl 20ZJaJ 
s"J Ji tlis :t:t n 12 8 :t:t ~i $ 'i" 0011 o 1YU ftp , 1'1 ti§" fr 00 ff :fit !IX 1¥ JG 12 o cp sl.J ~ ,t ~ $ 'i" ffl tfl PT ti :fit 
:::h$$Wj2ooaAfJ1f ( 1YiJftP, ~$$Wjsl.J i~Ll1f~Fooo) sl.J IX ±:gits"J $,ti!! ft+f _§_f£iSi.1kfJ!tt ( 1YiJ ftp, ix 
."J'.,~~, USIL3c~ ,]?f;f, ~~¥) tB'-00 {i'ft~jljfxl:f!•;cllOo 
[o366J fr~#J3020, 1xtri• jc110PT1Aff § ti,llii:$mut~)~2902, Ll iQ111J $,t-OO 1117'1 sl.J § ti,xt 
~ (mft□ § ti,¼$Wj200b) 0 flJijftp' § flF ~ iITTut~t:i::R:2902-aJ {tffl-100 fail-00 5A;rW 00 5Bfs!i:l£sl.Jtl# 
*ffrimu 0011 cp B"J $~81.J-fffro~T l!l{f~tlis ,{ft:'I.Jit.!is (flJUftP ,GPS:f:i!!i,8 {§ }~,) ,:f:if!,l!]J!ztfis, ± 
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$$W,j 200a B':J 1iAn-¥, $iii~~ B mlft t?Fiei, J1Rlt ti tlis :tP / ~ 'E1 }% fr±$ $W,j 20 Oa cp B':J Hz~~ B':J 
~m, $~$~W,j ClP/~MfO PT fr~ _1=.$lW,j200a;t§lrciJ 8{]$m~/f--:lrciJ 8{]$i1:icptEz~1YiLl, ff Ji lee 
_1=.$$W,j2ooa0{] lfe ~~~1t8{] "1±~1mLl$~$$W,j8{]·tt~ r, § ti%11mLlti~2902PT~~ § ti$$W,j 
200biIJfl5E 7'Jfr£5 _1=.$!fpij2ooa;t§ IP] O{] $ii'tcp 1-f:itt:tP/~:ilJi:ili±$ffi2ooao{] $ffi o 
[0367] frw#f3030, 0d::E!• 5Gl 1 OPTtAlI § ,t;j~%1$mLlffi~2902, Ll %11mLlfrw #13020 UU}U 8{] § 

ti$$W,j200b O 17U im' B ti%1 imLltl:l:~2902PT jj!~jj!Jf,£5 B ti$$r}§200b*lll 8{] 11L@, 'i1t~PJEi}J ( 17U frp' 
ffill1TfPJ 5FP$fLm), jf&lP:iJni!&, Lliz_1=.$$W,j200a~ § t:ir-$$W,j200bzJsJ 8{]1Ee~ o § t:if-%iiJJ!Ll 
ti t1t 2 go 2 PT 1i ffl _t w is* oo sA~ oo s DtaHt 0{] tt lJiUi 7]"-tfr $ ~ oo 11* ~ 1$1 ti!rnx: ~ Ll iY15E 
8{] i'8J [Wj 1i!U3f;i!tt8{] 1§ ,@, "i=Ew#f3040, 0d:ll• 5Gl 10PTtAfft~i\lB1 i'8J ti~2904, Ll ,Pft!JE±$ 
!fpij2ooal:5 § ti$ffi200bZi'sJ O{]t~Bt i'sJ 01 tl't7J>~ o t~Bti'sJ~t1t2904 PT im:iili!~lfJfr ~1' ~ 
$~A-ti's] ffl11JJ_t § t~$$W,j200b (;tBxtr±$ffi200a) 811iz:JLJ1R&5fP/~:iJPJ1R&*{tJn±:l'Pftl!Ec 
tilt Bi i'sJtl:l:~2904 PT 1tffl_t TIDtaii-00 5A:tP005Bt~J£81tt#*Ji!UJf;i!tt811§ ,@, o 

[0368] frw#f3050, 0d:I!• 5Gl 10PTtAffZ9JfPfAJmffit1t2906, Ll r:~_1=.$$W,j200a81 1' ~ 
$~U[AJ@o 171Jfrp, 0d::E!• 5Gl 10PT ( f71j frp, ii?JB CAN,B,~) fPJ _1=.$$W,j200a8111¥}rL*tJE220, *UzVJ * 
t;E230:tP/~$'ttfPJ ·*t;E240,iitJ:2srg r1~ % , Ll $1Ji)J, 1JpJ1R~fil.cl!LJt±$ffi2ooa81$'tt~, $m;f${ft 
ln/gJtJ'f fPJrf~oJtl:~w, ~~~$~ij(7;}J~ PT~*U11iliE*tJE220, *U,0 *tJE23ofn/~$'ttfPJ * 
trc240 0 f7ljfrp '0d::E!l¥L 7G l lOPTLJtJEfg r1§ % '!~ {t * ~ 100~:E!ttlft r *Ui)J~:lzs:iY1 ,E 81 .;.~ 
~$Jt:l:ttt03f $ffi20081 :1Jnjf ~g.oill ·w, 0d:J:!•5Gl lOPT1it:l2i¥X1f*tJE l00$~200lfH~5E 
7f [PJ ttfPJ 81 Ffl rfa % oi!tt 81 U[AJm[pJ ~T (frw#l3030j'f~1-f 81) § ,l;i$ffi200b81 %11mLlfP/~ 
(frw#IJ040,pi§5:ER1) _1=.$$W3200c1~ § tJft$$J#3200hZfsJ R1t~i\GBti'sJ R1tl't~~o fr~®~Jne:7f 
;r:\'.:cp ,t~~B1i'RJPT !5~~~$"'i"'iY15El~1i (171Jfrp, %~:fp*=Ei!Gl~fi) ttt1◊171Jfrp, frD~E 
iltB1i'sJ 81 :f'f/7J>~1fi7J> § t?Fxt~{£t~Ji:'f1:i!Gl~11trf;J ({y1jfrp, {±m=f1:i!Gl~11i rf;J) , IJlLlJifrJ£w~S 
PT 'E1i'i5~~j&iili)JfF o~~j&iili)JfiPT 'E11'!5~ii<f 5FP/~~~ $1Ji)J o 
[0369] 1~1J'rnJ *:izs:3/;;B1 i's] 81 •fa o EB Jl:l, fylj frp, frP:5ltJ~i!GB1 i's] 81 tl't7J>~tl't~ § ti$$W,j200b 
fr~~,~J {J'[Zfr ( f71jfrp, fr±$$/!13200c1~ § tJft$$W3200hZ ['sJ R11ri!tJiZmTR1 Bt ['sJ~:ii~~r~J 
1i) , IJllji)J{f U~@tJ)~2906PT~r ~ § ,rjf,$$~200b*lf*81f J:'JJEi)J~!fi3*fr±$$~200acp 
;,:tj:::_~fAJJ.il.o~ § ti¼$jJJ,j2oob*}l:*81f:l::'JJEiJJ~!fi3PT*7J> § ti¼$W,j200Mtxtt#5Ei~{lli81f:i:'.)J 
1iz:Ji5FP/~f :i:'.)JJ1R& ofr~®~Jne:7f:B'.: cp, :t/P5f! § ;ti,$$pij200bj;;~~lfe~ 5FP/~ l!),~~J1R& 
ff ill, IJlLl *tJE 1 oopJ~*IIRiJJ1t o f71Jfru, fru* § ti$$pij2oob1±±$$W,j2ooaz $~~EB~ JE ti 
J2t ~ ±$~]#3200a ( 171JPD, ii*, 10*, ~~) , IJlU ~tJE 100 PJ~*IIR 1=£:{iiJ i)J1i, ft~~§ 1Jft$~W3 
200h £t:t:ili±$$~200 o 
[o310J frr:i ~1~ llts-t r'RJ 011l't7J> ~m/)' § ti $~2ooba* ~ ,~ 11 ~ *= ,~ mz rRJ c 17U frP, a 
t:¼$W,j2ooa~ § t?F¼$jJJ,j2oobzi'sJ 811ii\tl'lzmT81Bti'sJgJ\.~~1~1J!il:5~=1~1J!izi'sJ) , IJlLlZ91 
1i U!wJfZtlt1t2906pJ ~T ~ § ti.$$pij200b*l}*81 ~pjr,]Ei)J*r~±.$$pij200a8.(J U[w]m[o ~p,i[\;E 
i}JPT*7J> § ti$$W,j200b811il1i:tP/~J1R& (171Jfrp, **f:l:'.)J~~;lE_) , frP5f!L~B1 i'sJ 81 :rl't~~ 
m~ § tJft$$/!13200bfr~--: 1~11'[ rf;J ( 17~PD, fr±$$W3200a~ § tJft$$W3200bZi'sJ 811rl:JizmT 81 
B1['R]{~r%=1~1i) ,IJlLlZ911fU~fZtl)R2906PTr±±$$~200a81~~3)J1i (ffifrP~m~~~' 
tlJi)J) 0 

[ 0371] 00 31 ~ ~ t±:l ~ 0 3f 81 ~ !We: 7f A ;t§ ~ jj( 8.(J ffl T =te tf3 fr_± $$pij cp r ± ~lwJ m 81 /)' WHi 
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jjJ¥ 31 o o i't':i ifiE l~ 00 o fr 7-V !Ji 311 o , ftu _t ® t6 tr 00 3 o i't':i 7-V !Ji 3 o 1 o fsHt i't':i , >1 JI -'¥1. 5G 1 1 o PT t2. EB 
{ft r >d: ll-'¥1. 5G 11 0--'=J 00 fl$t tlX -'¥1. 5G 12 o ::tJsJ sq fz.Jh!l tl D 12 8:ti ~y: $ ~ 00 ft o 

[o3nJ fr7-V#f3120, fto_t Tia tai:r00 3osq-wJJJ3020:ts'iJ£sq, >d:lJ.-'¥1. 5Gl 1om1Aff § ti,ll:ii iffi.Llti 
:f:k:2902, ~nmtt-5-J'·tJroo ff ~'ij'-§ t?Fxt15t c w,J fto, § ti,$$plg200 b) 5;E 1v fr-W nt3o 1 o:tt~Y: Oq oo 11 if;J o 

fr-W#f3125, >d:ll-'¥1. ;Gl lOPTtA1T § t~ll:ii iffi.Lltl:f:k:2902, l!J, ff ffl _too fai:f OO 3osq-wJJf3030ta'i5£ 
8{] =1st* ~Um 5;E El ti, xt 15t C 1JU fto , El t?F $ $pJ;i 2 o ob) ~ ~ fr~ [Pj r ± $ $W12 o o a 8q $ m cp ff :itto fto 
*liJl5;E § t:if$$W1200bfr,,flwJ r :::l:.$$W1200aSq$i1:!cp ff:itt (-W~J3125, ~) , Y!Ufr-W~J3130, >1 
ll-'¥1. 5G 11 O pJ tE ti3 fr±$ $Wj 20 Oa cp r '± u[/ij@: o ~ {~:tit!, , ftD * * tJE 1 O O ,ti)l 5;E § ti,$ $Wj 20 Ob~ tig 
JJ½ ift fr fi~U,fJq ~:lE :Ji JxU~ ( {JU fto , § t?F $$W12 oo bfr Ej ± $$W12 oo a~~ :t§ X. sq $JL t~ _t ~~ii fr sq 
~~~-~~oomtt~m.~~§~xt15tfr§M~~oo£~~JJ½mfrm~~~~,fr-w~ 
3130, >d:ll-'¥1.5Gl lOPT1et~fr±$$Wj200acp r'±ur/iJ@:o ~ JJ!U (-W#f3125, ~) , ttfi3100PT fa5R 
_§. ~ ,& '± u[/ij@: o 
[o373J 1fJ=l:j $ IXffiiu~mJirtt:ff K § :::l:.~B:~$$W1 
[037 4 J * tJE 1 oo PTttf:+1; ~ JJ13Hm M r}J ~~ ·r':L ffl r ll:d iffi.Ht _§. ur/iJ@: rlf ijt&+t l!J, :f~ tU $$W1200 
sq iUi}J O 17Ufto '·*tJE lOOPT ~T ~ 1'~ 1l*t&iffi.Llfl~!Z$$plg200f~ 11::Jq M15t O 11Ufto 'i~M15t pJ '§ 

12£1f $W12oopft Jlf:sq ~~ 1F$W1, x.Jffi'.)'.Jln/gxx_Jffitij\,ct, o *tJE 1 oom 1f ffl iu,0r~m*~J!ln/gx 
f~ K$$W12000 t[HJi5~®~JJffih:r:t, iUiJJr'~mm 1'1tf.'7fr~[Pj ~ff-ffitAff ~~318"1 $~1Xffi o{fUfto, 
iu~mmm1!l: 1i *tJE 1ool!J, ~i3tsq ?Jg\:3!fltff K$$W1200 0 

[0375] Jffitttt{:+1;'filt!$~ IX ffis"J iUi)J$frm' * tJE lOOPTJY: 11 $$Wj200 l!), xt~JJ1.in5FP/~* 
~rm§ w'.!Ttt § ~R"JJJ:r:t•{t o fjUfto, ':1§ ~~1.infrx.Jffi'.)'.J >11f K$$!#3Bt, }J-JJffi1JDR"JBttUKiU$ 
~~K~~~,~~ffJfil~~l!J,ffiJ!*JJffi~ol!J,~ff~7JA•*~~ff~~~K~~~~ 
KO :t§&, ~#~ in pJg ~~£1:l:-iliJJffiBDiUi}J:g' ~ Fut~ jJpff jJ ':ittrm 1±$$pijjLJ~;lt § t;f,ff K:l:fil 
,12Bt' ~#1.in m~i1~iUi}J7]<.~ 'KiUfri~$1f KS"JBt~UiU~~ (~~~ftili:) 0 l!J,~#1J:r:t•11: 
$$W1nJ tlif¾ § ~f~ KLUi, ep , ~ JJt i5:\ nJ§f 9cJt~: 1:t~ ~ ?Jg\:J!, rJr l!J, $$W1~ ~t2.ffi ~ ~:tJJ~t ?Jg\: 
'"'~ F='f'.2. ,L Jri,/.EJ ir:z\:r!tiT A-~l~ ,L 
Jlli.,,,, Jn ~~ .lL, 15C 1v'-'J.:.-ty,~,,I' ~ ~ "" i'Y .lL o 

[o376J *tJE100PTttfJfaJt1Hixt$$W12oos"J~1J1.inlP/~*~® § w'.!Tit § ~s"JJJrt*~JJffi 
iUi}JS"J § t:¼$pij~f,JJ1o{J1Jfto, fr~®~iffilJJ:r:tcp, *~1tlOOPTiHtOO{t:fm$t*.l'J22-126cp s"J 
~~~g;~$tI!R$$plg200pff ili:IX±:~sq g;~001l O >U:ll*ltl 1opJf2.EB Jj,_J!t:t n 12st1qy:g;~ 
oo 11, # _§.£-f' x,tg;~oo fii't':i 1t1fi*i9-JJIJ ffl r1f K$$W12ool't':1fo1!'iz:g (1JUftu, M~, x.Jffin 
~0/~x.JffitJi;:t) o¥r1EHQJJIJSqfo£1!Jx::g' *t)ElOO PH~miUi}J$frmi!l:1f $:'f!#3200ff Ko fr~® 
~JJffi7JA cp , fto¥r xt %TOO 11R"J ?J\.tfr TTu~k R"J, iUiJJmmPT 'filt~%T IX ffi < fy~ ftD, 'filt~: .'=5 
* ~j)g\:J! $ *ij&c ~*~IX ffi; 'fil t! 1J \ r * ~?Jg\:J! $sq*= j)g\:J! $~*=IX ffi; l!J, ,& fr :fiili: 
§~~K~~~~~~JJ<.~~*~ffi-~OOo 
[0377J 00 32A007J' 7 fr'fil1tx,t15t3220 sqi§ J?i321 ol:. ff Jtl:sq $$W1200 o *~ 100 PT iR~U io.cl!!Z 
:g < 1Jt~o, xt15t3220) l!J, 1:t $$W1200:t§xtrio1!1Z:gsq .r& ~NU rm f'f Ko 1JU fto, frin1!'iz:gti.r& iffi.LlfU 2.. 
J§ *tJE100 pJtf ~11 $$paj2oo?Jg\::W, # _§.friU~M~3220~$1f $$!#3200ff Ko 
[o37sJ >d:lJ.-'¥1.5G11orJJ;J;tgmJJ½¥r EB oo 1t:tm$t*li122-126cp s"J~~gJz$~$tI!Rs"J %~ 
001i*liJl5Effl rff K¼$W12oos1fo£1!bt:g o>U:~-'¥1.5Gl 10PTf2. EB i11::t!iH# U 128h\OO{t:fm$t*li 
122-126:tl~Y:OOfl o tlH!~®~JJffiJJ:r:t, io.c1!1ZH PT 'filt!xt15t3220 o 15Ufto, )(115t3220PT l!J, ~j§° lf! 
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2810Li't''.! ¥i~ $$jjjj O tlUJis~®':thfil7JAi' :tiu*x1~--3220-tE$$r}§200i't''.! ~~~ft:i5:IX±,cx 17'] 'mu~ 
:£!¥ JG 110PT iQ½Ufo!l!P~ o fylJ :ti□ , iQ½IJfo!l!P~ PT !IX ~r xt~3220--1:; $$jjjj200:t.rsJ sq t§xtJte ~ o 

m~-w' J!lr/tiQJJIJPT mJili~ ~M~3220 ~ $$jjjj200ZJ8J s{] t§M3i&l□/~;JU§xf1Jo3i& 0 

[0379] 5Hr:l:tEllG fH~:l:t 'f9£1!a:g pJ 'ELti55cJ1lH7G1; 'i~:ti□ 00 32A c:p /J\ 1--H oq 5c51lH7G1;3240 0 f11j 
:ti□ , 5c51lH~1;3240PTLlf;kf* 11J~1;lo/~xJ~Jti'~1; 01tHi~®~~1fAi, ~:f!¥JG110PT ~:f! 
:;t ,t oo 11 12), lim JE 3E 51lHi ,-=t 3 2 40 8q l:kJ 1¥ , fp 7'J m JE'. mi a :g ~ ~ r-¥ Z:t 8q ~ tm JJ"-o f71J :ti□ , :ti□~* $jjjj 
200 ~jjJtHf' Y!U ~w. JG 110 pJ ¥ T EB 5c:i1lH:iF 1; 3240J;Jl5E s{] l~tH~Lt: m 5Efo!l!a ~ii sq 1-¥7:±: 0 fl= 
7'J jj ~ /J\ f71j , :tir1:WJili 1-T ~5f0 / Elx: iI'.lT ~ , mu~ :f! ¥ JG 110pJ¥r5ci1lHT28 30 ~HJbidu!I! a~ sq 
{¥fro 

[0380] J;l;r g; 1'00 {!L ~:1£¥ JGll0PT iiJl5E § t7Gf1 ll::l:t,83250, ~ Sjj\,ff ff!lji,/J!n:; JJIL $$jjjj 
2ooffJti~f* JLZ:t § t~f* JLJt,83250~ 0 iU±zs: § t~f* JLJili,8325oPT 1t!lm-w $1jJJj200 sq *U zJJff iJ 
8q ~ JJ>I: o B tifl 11::l:t ,8 3250 PT¥ r 3Ei!lHT 3230 lo /EllG 3Ej1JHi 1; 3 240 8q :l:t ,8 , 1t1i$$jjjj2oot-r 
ff 5c:iJl'J:T323olo/QX5c:imt:iF,-=t324o o ~1~:tili, § t:iFfl Jt:tili,12 3250PT¥r xt~3220, 111~$$Pi3 
200-a:¥Uit:xt~322oz.Afrflll:o ~.ll:l, § riflll::l:t,123250PT¥rxt~322osq:tt,8, LlJI~$ 
ffi200EJM~3220Z. ra:1 sq1ri)tji: 0 :tr ~®~~7J:a': c:p' § flGf} ll::l:fil,83250Sq ~wJTPT ~T J:A¥ 1' 
00 ft~1~B"JtJTB"J 11L@, 'iti:tim¥JT 19-JJIJ sq§ f;j\' tJTS"JPT J)~Jij~, ffis"JPT J)~,;t~1;' ~~ 0 

[0381] 00 32B00 /J\ T 1=J 03f 8"J ~ ~h:ittB~J~ 8"J/J\17Ll'l'1 fffiJ l9J!n:;Jlfi o-tE 00 32B7]\ tB 8"17]\i7Ll 
c:p, iUl9J!n:;!lfi'ELtJS[Q'i' IX®: o~n'iJ, IX®:s"JJ!l § ~/J\f7Ll'risq, 3f ll1=J03fs"J~~1J5\it§ -~ 
sq *Ui)J!n:;JlfiPT 'ELtJSfffPJ ~§J!l § s"J !XE¾: C f71Jft□, 21', 3,t, 4,t, 5,t, 6,t~~!XN) o 

[o382J -aixm 1 c:p, *~JE1 oo PJ1i~ pJ~gRq*UiJJ't'l~ o f71Jft□, Z:ti~rx c:p, *~JE 1 oo PJ:ttq1z:~r 
~~ i~IU*s"J N% D ( f71Jfto, Aff 5cJ!lHTS"J N% □) s"J f~ ,@, (f71Jfto, :l:tOOJ!l~ ifO/QX 001121&:tlis) o ]UJf, 
l00PT ~i$)Ti]i,x1}$$jjjj200S"JJ!& (fy1J:tio 'IitlRrft~ D s"Jt~'fi, $$jjjj20081J!&PT ~f$}fi]i,x1J\_¥t":] 
70-50km/hr) o ]U;E 1 oopJ rj::_~!JtifilJIE, fyljfto, _j:::t":J-tErJxr_Hz._ Afrs{] 100-200*-'-f :l:)Ji]i,x~/Jtt":J 
0. 2-0 .1*/t) 2 (~_j:::f'.J0. 5*/fY 2) oiilitl-tE!Xlffi:1 Lf1~{~$$ri3200S"JJ!&, *t;El00nJT'J$$jjjj 
20 o R1 ~~in ;fo / El1G * '¾ t'H~ * ~Jf, 1 oo J;O ilfB :ti :i5:M% D R1 Ii 11H~L 
[o383J -a ix ,lffi:2 c:p, * tJE 100PT~:1J□ 7./a_j::: s1 *UiJJ o -ai~ ix N c:p , * tJE 100PT ¥r xtoo 1121&:ti 
sq 71"-fJr*:tizq"J {1§ ,~,, 1f1J:tio, 3EillHT1HI5fW/E!JG-tE¼-$iJJ.i2ooff:itl:~ c:p 81 ft~ u ~1-¥-tEfl ll:¼1ri3 o * 
t;El00pJJ~{f $1ri3200ft i~ IX c:ptlffi _.yf~s1if&1~1J\' IP] Btlre ff 11:~ElJGff ll:$$jjjjS1 Ire ~{Wr1 
_Ao~ffii1i£PTT'J$$jll32OOi't''.J ~JJ,'1:!J:\;f0/~*'¾tR:{Jt~f~i't''.J W'fil, *tJf,lO0i~A~ }E~§;~ i't''.J :S:. ['a] 

*JGP>ZffflJi}J:f,)Li}J O i~!X Pj:izt~ff Jt~_j:::t":)30-100*' * _§_ f:l:)Ji]i,xJ!/Jt PH":JT'Jl. 5-2. 5*/f~ 2 

(~jd"JJ'JJ. fi*/,fy 2) o 

[0384J -tE!Xlffi:3 c:p, *tJE 1 oopJ {t!l tB ~Br*Ui}JiJWl~ o 1fU:tio, Z:ti~ ix lffi: c:p, *tJf, 1 oopJ,t~tlisiQ fl 
11:~ElJGfl ll:¼$jjjjS"Ji~~JLe /fti * Fl.¥r ¼$W,i20081 ':13Afrit&lWi]i,xit&*i)l1J~¼-$jjjj20081it& 0 

Jlltctftj( tB ~ fqt-jfifl If ' * t;E 10 0 pJ 7'J $$Pi3 2 00 81 ~ #1 ff! lO /E!JG *'¾ 1R:1~ :tirrf t~ /J\ : * t';E 100 iE ;ff 
JJJ:_j:::$71"-*UiJJrJJ-$, r;;JstJ1Jt1JJi]i,x1J\, 1-§:iir ~mr O i~IXPT:iztlftif~ 11:~~f~ Jt$$jjjj_j:::fJ5-3o 
*' 3f _§_ 'f:l:)Ji]l,x:lfil&PJt":J7'.J0. 5-1. 5*/fy 2 (~_j:::t":JT'J2*/fy2) o 

[0385J -tE ix lffi: 4c:p, * tJf, 100PT 1$: tB +~li'i *Ui}JiJWl ~ o -tEi~ ix N c:p, * tJf, 1oo~g Ll~if ~J'J ~ 

sq~ p ~ 1~ s"J it& ~1HTI !Le ff 11: ~ El1G fl 11: ¼-$W,i 81 *~~!Le /fti O fr i~ rx: c:p ' ~ 1.lf in ;fW /EllG * ~ pJ ® '% 
$$jjjj2oo&-JHl:l:ili1fiJJiU1ft CfYU:ti□ ,-tEff ll:~~ElJG-ajj~$$jjjjFoffi) o 1~rxPTtiJP>Zlreff ll:~ElJGff 
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Jt$$WjB':J ::k:t"J~J§5-7*, # _§_ f:l:5:J~if&PTt"J7JO. 3-0. 5*/lY 2 (~::k:t"J791*/1Y2) o 

[0386] 00 33 ~ ~ 03f B"J ~JJmJJ:ii':t§ - ¥!LB"J Z¥1ii~ 140 ~lr /~ 150 B"J ~f}H':l:tlt 00 , i~ Zf {ii~ 
14OlP/~ 150 PT Z¥1it ffl r=tAff-T ~ $T~11=: B"1 tl't4-o ~P 00 33 9'l 00 JF s{] , Z¥1ilff 140 PT Z¥1it 
m r=tA ff* x 9'l m :r£ □"1 fo!l!'il ~t& 11J!1J lP u[Aj m □"1 - T ~ ~ T ~~ o w,J PP, #1ii~ 140 PT #fiifo!l!'il 
~ 15U}Utl~33OO;¥PZ}J{f UIAJ@tl~331O 0 

[0387] io!l!'il~ifUJU1l:l:~33OOPTZffi4Hl't4-, ':13 EB ~:El•5GllOtAffst, i~tl't4-PTt&ilJ!iJ fflrfl 
it$~ 200 s"J fo!I! 'fl ~t B"J Zf tE o fyiJ pn , fo!I! 'fl ~t iQ JJiJ t~~ 33 oo PT ~W!Aif: & · • T 0011 ti tit~ .ff 
122-124tiY'.lCB'\J $T0011' Llt&ilJ!Ufu!l!'il~B'\Jfffr O ~p_tTii]i,tits"J ,jzpJ §=t!iRiUx~·£t322O, X. 
iffi)T323O;¥P/~X.Jllifi,'t,324Oo 
[o388J ~bfP1AJ@tJ~331OPT #1iitl't4-, ~ FR ~:f!•5c110t,A,ffst, i~m4-PTUIAJ@rfo!l!'il~ 
B"J fffr O fylj~p' Z)J{f UIAJ@tl~331OPTtA1Tt~iffU' Ll ~iflP/WG fi lL$$Wj200 0 {ylj~p' Z)J{f UIAJ@tl 
:1:~331 o PT=tAff tUiJJm m, Ll ~ii£if lP 1~ fl Jt$$Wj2OO o iJJfp U[A] mti:1:~331 o PT ~r tu 'iJJm m 8"1 
it § # _§_ ~ T fylj ~n ;Ef-m 12SJ ~ , fffi'. i& ilJ!iJ fo!I! 'fl~& B"J ~ ~ lP $ $Wj 20 0 Sf.J if J3t 7[Hii§ JE tA ff$ ,t tu 'iJJ 
mm9'l s"J-To 7'J J ~rtit&ilJ!Uio:l!R:M~~$~2OO~B1r:~ fl Jt, ~:El- jcl lOpJrt) $$Wj2OOS"J 
11tn.*tJE22O, tUi)J*t;E23OlP/~$!¥rtJ ·*t;E24O9'l s"J--i'~j;T'flJ:!s'fg r{;'f ~ o:ltt-tv, --1' 
gx$Ti31J;}J~ PTt~tiJ111liE]UJE22O, tiJ,;}J*tJE23O;¥n/gx$~rtJ *t;E24O o fyiJ~P, ~ll "'3.5c11opJ 
aiE ~ r1§ ~ , 1t 1t * ME 10O1i!J:E1:1:-mNl r tu iJJ ~:izs:tm '.iE 8"J .;. o 

[0389J ll34ll~ f !503fBI.J~JJm7JJ3'.:t§ ·¥3lsf.J fflr~~1r:$~2oos1.J:ctt-'f34OOorlt-'f3ooo 
PT iP-11iJ ffl rfl Jt$~2oos{]fo:l!R:M (fylj~p, xt£t, $$Wj, x.iffi)T, x.iffi,!;i,,'t,, ~~) # _§_UIAJ@r 
ioia ~ R"J t& 11J!U }tz tA ff tu iJJt~ m O :ctf.%34OO p J t& 11J!U 1'5-trft ~ ~ R"1 ioia ~, Ll ;i;J§ '.iE tA ff$·~ tu 'iJJ 
mm 9'l s{]UJJ~-T o 

[0390] tu i)Jm mPT ~T fffi'.*1: ~ITT!Jio!l!'il~B{] ~~ lP/~ .£=5 fffi'.*1:iITTUio!l!a ~t§ * B"J ;It -~;Ef,tl~{tf: 
(fyiJ~P, lrext%zs"Jlre~) ◊1YiJ~P, tE-®~JM:7JJ3'.:9'l, tUiJJmmPT §t!$TIK®: (fyiJ~P, -TIK 
®:) ◊tE-IK®:wUiJJm~Lf1,tU'iJJ~~s"J~-iK®:nJ !5~-~ii**ij*,tUiJJm~s"J~=iK 
ffiaj§m~rffi-~W$R"lffi=~w*,*_§_~'iJJmmR"lffi-!Kffiaj§ma•ili§~Wit 
:1:-fu,~ Sti!l f}EtiJ i)Jl./( f ~i1~, JZ~T xt EB 00 fititlt~.'1.122-126 9'l s{]-,'j"' ~$'i"'t/t1W.S"J $T 
oo fts"J ?J'-tJr7[Ui '.iE o ff1J ~□, a-®~JJfuJJ:rt 9'l , ~ -rx: ®: PT it ft ¼$Wj2oo~wtiB□~itJl'., ~ 

=IK®:PTi!l1f$$rl32Oot~Hf~if, # _§_~ - !K®:PTi!l1f$$rl32OO~~;lt~if$~Wrif 1~~~ 

C~Mili*) o 

[0391] tEtv~J3410, jj:f~3400 Pj fffflOO 1f!titit~.E.122-1269'l B"J ~d>-T*tltltZ.$~]#3200 

~{j ili[Z:liR"J $T001to1JiJ~□ '~:@.-jcl 1 opJ§'.~EB;:ilJAHi D 128fiYX$T001to~:fl-jcl 1O 
PT tiJ@P¾~rtlt ltZ. s"J oo 11* :Pi@'.iE Z¥tE-T El)($ T xt£tl ri 1~11 rm Jr.& 321 o z..t~ ~fj ili s"J ti 
,ct, o ff1J~o, ~:E!f • 5c110PTtiJmP¾:Pi'.iExt£t322O, 5z::iffi1J323O;¥w/~5z::iffiti,:t,324os"J ZftE o ~ 

:EIJ¥ 5c11 oPT 3tt-W t,iJmAA tjI[;zx.lffiti;=t324os1.J pg~ o fyiJ~□, ~:EIJ¥ 5c11 oPTtiJmAAtEf.~if 
ti,'t,!5f~ Jtti,,ct,2,fs]:ittff IX 71'-◊:ltt-~, ~:El- jcl lOpJ tiJ@AA~T5<:iBHi,,t;324O*~:EIOO 
fl Ll iii '.iE f,~ W o 
[0392] tE~#J342O, Ml't3OOPT§t! ffirfl Jt$~2OOS"Jio!l!;:zff o1JiJ~D, ~:fJ..jcl lOpJ~ 
r xt~322oa¼-~2OO ~11 ili rx: ±i pg s"J Zf tE *ifOJU fn!l!a ~ o 'h jr:1:-m~ ~1~:1:-m, ~:E!f • 5c 11 o PT 
~rx.lffi):J323OBI.J ~ lW{§ ~)jft~*iP-11UfoEl!'il~o t,~~-@~1Jlg7JJ3'.:, ~o*::f~~lJT, P1U~:EI 
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• 5Gl 1 Or'iJ11)% JE 5dllHJ323OttJ p_\(,fort(jz :g O tlHJis-®~ hfil7JA:' fyuftu' ftU~5cJllHi ,-b324O~ ft 
it ti ;:;t , Y!Ll !zt :f! • JG 1 10 PT 11)% 5E 5c. :illHi ;:;t 3 2 4 o ~ ~ fo!I! 1x: ~ o fr - @ ~ JJlg 1f :it 9'l , ft□ * 5c. i!!Hi 
,'t,324O:tEJ~j!:t;f,,t;jf _§. $$iJ!32OQ~jjJ~j!, !TIU 5c.JllHi7t-324OpJ;j;1J~fu£1!1z.g" m-w fr-@~ 
JJ1g7JA: 9'l, :'zt:f!• JG 11 OPT¥11t*t;El oott1f¾i-B"ir:illHD, iR111Jfo£1!1:,t:g;fp/~t!'t/J\$~2OO rf trJ 
zJJ gx iE ~*Pt iu zJJ 0 

[0393] fr:'zt:f!J¥l 5G110iR11Ufo£1!1:.t:gLJ§, fr!V#l343O, :'zt:f!J¥l 5Gl 10r'iJ;flH!isfffLliJJmJJl3 *3& 
1f$$iJ!32OO~j£;fP/~ff ltofr -@~JJ1g7JA:9'l, fffLlZ9JmJli3PT 'ELtJS -5Eli § sJ.JmJJl3[2{J'/-L tUZ9J 
m Jli3 S{] 1' rl $fr Jli3 IX ®: pJ EE a1 i'8J ~ Jj ;f P / ~ $ $il!3 j£ & ~~ )E O 1YU ftp ' :'zt 3J.. JG 110 pJ 1:& tit~ ~3kiY1 
5ES1 i'8J ®:~J[JU$$il!32OOSJ.Jji&JU:il § :ti11BJ.Jffi-mJJl3tx®:*1Aff $$il!32OOSJ.J:f~tU" § :ti11 
PT Ll ~ iY15E J! Ji'. , ~~PT Ll fi': $~2 oou ~ fr tftAf trJ ~bm Jli3 L frT oJ.J :f-f ill oJ.J ±!Ji'. oJ.J a -5-J'+~ o 7'J 
7 ~)Jlgfffij Z}Jt'~~, :'zt:f!• JGl 1O pJ rt] $$il!32OO sJ.J11vfE]U;E22O, iu Z}J ]U;E23O;fP/J;lx$~ rt] ]UJE 
24O9'l 8J.J--'}~$-'}1:.tJ!~ -1-18% a:ltt--;v, --'}~$-'}J)(i}J:g PT:f~tU11tTE*t1t22O, tUl9J* 
t;E230;fP/~~ rt] *t;E240 o 

[0394] ft□ J: Tii1 Wits"J ':tlHf-®~)Jjg7JA' tLli)Jt'~Jli3s"JmJJl3tx®:PTx1Sr~±!$01YUftP' 
~~mJJl3PT'ELM~~IXN,#_§.ffi-tx~PT~ffi-~i!*~~ 0 ~~mJJl3PTill-W'ELM~ 
ffi=~i!$~~~ffi=IX®:offi=~i!$PT~rffi-~i!$o 
[0395] ill-W 'ftpJ:ffiiiit8"J '~1m-®~)Jjgh:rt' tUZ9JmJli3PTt11ttffi-mJJl3tx~' ~9'l 
tUZ9J7t -'f s"J ~lf 1rt~4=-$il!32oo~r:,1t_fu£1!bt:isJ.J1wfr12S1 ~ c fyuftn, M~322O, 5c.:1J1;1:J323O, 5c.:1J1t:iF 
,'t,324O) Li'sJ S"J ie ~ S"J illzJ?L 1YUftD, tUZ))JmJJl3m 'E1ti5fr$$il!32O0:fi:ili § 1iif Jt:l:-fu,1~325OSH!f 
1~ tLli}J *TO ill-W' .¥Utis: § :ti-if Jt:l:-fu,8:12fiO Pjf#~i:w $1paj2OO RJ.J tLli}JffjJ RJ.J ;ff;J'J,L 
[o396J tB r oo/J\s"J § s"J, rrroos"JmJ£2~JYL #1r JJ 2._§.#1'~~ r03f s"J ~1t%:rt~~ 
)Jlg7JA:o~~~*~~~03f~~~1f:rt~~~,~a~a~M*~~tt#A~~fi':~H 
s{] o yjJI,, $ ~03f B"J ~MfL1f:r\'.:B"J ~ 1f®:fe!iJi7'11¥1iifr1¥1ii:g9'l, 11lfi':*~Yl±itt#A~ i:if 7 
M.¥Ll, ~ ®1f ® -fu nJ Ll Z¥1it fr~ 't ~~ s"Jmfto=fil ?f fit~_l'.S{]it•tJL nJ ** ~ J:, 1YLl fto, ~f 
iil~CD ROM, ~~'t%:itR"JRAM~RmL usnf)-Jfft 'DV!k\l?f:3/t~~'t:3/t~jz(_1)-Jfft 0 

[0397J ~r~oo:fe!iJ!lD03f1fi!B"Jit•tJL;f£fffrffi:£~~B"J:3f1:.tA~s"Jtt#pg o~;fr/t;f£ff 
~Wffm~PTLl~ffl*~~tt#A~0~~ffWtt#*~~~~PTLl~~~#~#~tt" 
Wufto ,liff~~liff:tl~PTLl ~ 11 ~{f .§}J .Nel Framework,. Nel Compacl Framework (R.t§ 
*i! 8, mftUVisual Basic,C, ~~) ,Java,C++, Objccti vc-C,HTML,HTML/ AJAXtfi,fr ,XML~ 
'ELtJSJava~\f-¥ffB{]HTMLo 
[o39BJ TTiI _§., .Ii~* ~JHi~JJW:1f:it 2fr*X 9'l :fe!iJ!, Jl~~ fEI JG1~, {rta, ~~, tli* C fyu 
~,~~~JJW:1fA~1f~,a~~;~~~~ffWR.m:rr~JJW:1fA~ffim~~r*0*~ 
*~~tt#A~7M.tt~~*~9'l~~~~M~~~~~~tt~~*~9'l*ffl~*~' 
#~~~ r* lR~ ~~*$i~$~Jj i'sJ:fe!iJ&BJ.J/J\fYLl o/J\f7uGHEz:~~tf 7'J~r:Hl:1thtl:s"J oJlt3'[,, 03f 
1fit 4-1 B{] ~ #IFJt Ll 1f1nJ1f :i:~1~rY-:, 'E1t!~J1JTH l:ff i3-~ #llP/~d°ElL/\~Jlfr~r;i~#I o l2SI Jlt, fNJj 
*OO~~~~~~T'J&fi':*~tt~.~~~mm~ffl~~Ll~tt~~*~R.~~~~~fEI 
mm1:=t/J\ 0 

[o399J t§~ E13-itsJ.J5Z::x 51 m 
[0400J * $ i~~*Ll r ~ f}t;t;t;Z: 2013~12 JH B tl5c.BJ.J ~ 001[{iiat4z-lU $ i~%61/911, 
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490; 201445 ,,Fj 14 s Ht'.x':.i'r':1 ~oo If{iis-t~lu$ m~61/993, 084; 201445 ,,Fj 14 s Ht'.x':.i'r':1 ~ oo ,r{ij 

Bt~lU$ m~61/993, 111; 201446,,F'j 23 H j~5(8{]~00 l[{iiBt~lU$m62/015, 524; 201447 

Jj9 s tR:51::s{]~OO ,r{iist~lu $ m62/022, 221; 201448 ,,Fj 21 s tR:51::s{]~OO lf{iist~lu $ mg 
62/040, 224; ~lz.201448 Jj 21 B tR:5cD1~00I[{iiBt~tU $ m62/040, 269 o?!r~M:r£ $ m01 If 
f-tpg ~~~iffiu §I ffl:# A*X o 
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(54) SYSTEMS AND METHODS FOR BRAKING A VEHICLE BASED ON A DETECTED OBJECT 

(57) Systems and methods are provided for detect­

ing an object and causing a vehicle to brake based on 
the detection. In one implementation, an object detecting 
and braking system for a vehicle includes at least one 
image capture device configured to acquire a plurality of 
images of an area including an object in front of the ve­

hicle. The system includes at lea stone processing device 
programmed to perform a first image analysis to deter­
mine a first estimated time-to-collision of the vehicle with 
the object, and to perform a second image analysis to 
determine a second estimated time-to-collision of the ve­
hicle with the object. The processing device is also pro­

grammed to calculate a difference between the first es­
timated time-to-collision and the second estimated 

time-to-collision, to determine that the difference does 
not exceed a predetermined threshold, and to cause the 
vehicle to brake based on the determination that the dif­
ference does not exceed the predetermined threshold. 
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Description [0005] Consistent with a disclosed embodiment, an ob­

ject detecting and braking system for a vehicle is provid-
Cross Reference to Related Application ed. The system may include at least one image capture 

device configured to acquire a plurality of images of an 
[0001] This application claims the benefit of priority of 5 area including an object in front of the vehicle. The system 

United States Provisional Patent Application No. 
62/001,772, filed on May 22, 2014. The foregoing appli­

cation is incorporated herein by reference in its entirety. 

may include a data interface. The system may include at 
least one processing device programmed to receive the 

plurality of images via the data interface, perform a first 
image analysis based on at least a first image and a sec-

BACKGROUND 

I. Technical Field 

[0002] The present disclosure relates generally to au­
tonomous vehicle navigation and. more specifically, to 
systems and methods that use cameras to detect an ob­
ject in front of the vehicle and that apply brakes based 
on the detected object. 

10 and image to determine a first estimated time-to-collision 
of the vehicle with the object, and perform a second im­
age analysis based on at least a third image and a fourth 
image to determine a second estimated time-to-collision 

of the vehicle with the object. The processing device may 
15 be programmed to calculate a difference between the 

first estimated time-to-collision and the second estimated 
time-to-collision, determine that the difference does not 
exceed a predetermined threshold, and cause the vehicle 
to brake based on the determination that the difference 

II. Background Information 20 does not exceed the predetermined threshold. 

[0003] As technology continues to advance, the goal 
of a fully autonomous vehicle that is capable of navigating 

on roadways is on the horizon. Primarily, an autonomous 
vehicle may be able to identify its environment and nav- 25 

igate without input from a human operator. Autonomous 
vehicles may also take into account a variety of factors 
and make appropriate decisions based on those factors 
to safely and accurately reach an intended destination. 

[0006] Consistent with another disclosed embodiment, 
a vehicle is provided. The vehicle may include a body. 
The vehicle may include at least one image capture de­
vice configured to acquire a plurality of images of an area 

including an object in front of the vehicle. The system 
may include a data interface. The system may include at 
least one processing device programmed to receive the 
plurality of images via the data interface, perform a first 
image analysis based on at least a first image and a sec-

30 and image to determine a first estimated time-to-collision 

of the vehicle with the object, and perform a second im­
age analysis based on at least a third image and a fourth 
image to determine a second estimated time-to-collision 

For example, various objects-such as other vehicles and 

pedestrians-are encountered when a vehicle typically 
travels a roadway. Autonomous driving systems may rec­
ognize these objects in a vehicle's environment and take 
appropriate and timely action to avoid collisions. Addi­
tionally, autonomous driving systems may identify other 35 

indicators-such as traffic signals, traffic signs, and lane 

markings-that regulate vehicle movement (e.g., when the 
vehicle must stop and may go, a speed at which the ve-
hicle must not exceed, where the vehicle must be posi­
tioned on the roadway, etc.). Autonomous driving sys- 40 

terns may need to determine when a vehicle should 
change lanes, turn at intersections, change roadways, 

etc. As is evident from these examples, many factors 

of the vehicle with the object. The processing device may 
be programmed to calculate a difference between the 
first estimated time-to-collision and the second estimated 

time-to-collision, determine that the difference does not 
exceed a predetermined threshold, and cause the vehicle 
to brake based on the determination that the difference 
does not exceed the predetermined threshold. 
[0007] Consistent with yet another disclosed embodi­
ment, a method for detecting an object and braking a 

vehicle is provided. The method may include acquiring, 
via at least one image capture device, a plurality of im-may need to be addressed in order to provide an auton­

omous vehicle that is capable of navigating safely and 45 ages of an area including an object in front of the vehicle. 
accurately. 

SUMMARY 

[0004] Embodiments consistent with the present dis­
closure provide systems and methods for autonomous 
vehicle navigation. The disclosed embodiments may use 
cameras to provide autonomous vehicle navigation fea­
tures. For example, consistent with the disclosed embod-

The method may include receiving, via a processing de­
vice, the plurality of images, performing, via the process­

ing device, a first image analysis based on at least a first 

image and a second image to determine a first estimated 
50 time-to-collision of the vehicle with the object, and per­

forming, via the processing device, a second image anal­
ysis based on at least a third image and a fourth image 
to determine a second estimated time-to-collision of the 

iments, the disclosed systems may include one, two, or 55 

more cameras that monitor the environment of a vehicle 

vehicle with the object. The method may include calcu­

lating, via the processing device, a difference between 
the first estimated time-to-collision and the second esti­
mated time-to-collision, determining, via the processing 

device, that the difference does not exceed a predeter-

and cause a navigational response based on an analysis 
of images captured by one or more of the cameras. 
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mined threshold, and causing, via the processing device, 

the vehicle to brake based on the determination that the 
difference does not exceed the predetermined threshold. 
[0008] Consistent with another disclosed embodiment, 
a method is provided for assessing an overall system 5 

failure rate associated with a braking decisioning system 
for a vehicle. The method includes determining, using a 

processing device, a first failure rate associated with a 
textural analysis based sub-system. The textural analy-
sis based sub-system is configured to make a decision 10 

to brake based on a change in texture between at least 
two images of an area in front of a vehicle. The method 

further includes determining, using the processing de-

vice, a second failure rate associated with a structural 
analysis based sub-system. The structural analysis 15 

based sub-system is configured to make a decision to 
brake based on optical flow information derived from at 
least two images of the area in front of the vehicle. The 
method also includes determining, using the processing 

device, the overall system failure rate based on the first 20 

failure rate and the second failure rate. 
[0009] Consistent with other disclosed embodiments, 
non-transitory computer-readable storage media may 

store program instructions, which are executed by at 
least one processing device and perform any of the meth- 25 

ods described herein. 
[001 OJ The foregoing general description and the fol­
lowing detailed description are exemplary and explana­
tory only and are not restrictive of the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] The accompanying drawings, which are incor­
porated in and constitute a part of this disclosure, illus-

30 

trate various disclosed embodiments. In the drawings: 35 

FIG. 1 is a diagrammatic representation of an exem­
plary system consistent with the disclosed embodi­
ments. 
FIG. 2A is a diagrammatic side view representation 40 

of an exemplary vehicle including a system consist-
ent with the disclosed embodiments. 

FIG. 2B is a diagrammatic top view representation 
of the vehicle and system shown in FIG. 2A consist-
ent with the disclosed embodiments. 45 

FIG. 2C is a diagrammatic top view representation 
of another embodiment of a vehicle including a sys-

tem consistent with the disclosed embodiments. 

FIG. 2D is a diagrammatic top view representation 
of yet another embodiment of a vehicle including a so 
system consistent with the disclosed embodiments. 
FIG. 2E is a diagrammatic top view representation 
of yet another embodiment of a vehicle including a 
system consistent with the disclosed embodiments. 
FIG. 2F is a diagrammatic representation of exem- 55 

plary vehicle control systems consistent with the dis­

closed embodiments. 
FIG. 3A is a diagrammatic representation of an inte-

3 

rior of a vehicle including a rearview mirror and a 
user interface for a vehicle imaging system consist­

ent with the disclosed embodiments. 
FIG. 3B is an illustration of an example of a camera 
mount that is configured to be positioned behind a 
rearview mirror and against a vehicle windshield con­
sistent with the disclosed embodiments. 

FIG. 3C is an illustration of the camera mount shown 
in FIG. 3B from a different perspective consistent 
with the disclosed embodiments. 
FIG. 3D is an illustration of an example of a camera 
mount that is configured to be positioned behind a 
rearview mirror and against a vehicle windshield con­

sistent with the disclosed embodiments. 
FIG. 4 is an exemplary block diagram of a memory 
configured to store instructions for performing one 
or more operations consistent with the disclosed em­
bodiments. 
FIG. 5A is a flowchart showing an exemplary process 

for causing one or more navigational responses 
based on monocular image analysis consistent with 

disclosed embodiments. 
FIG. 5B is a flowchart showing an exemplary process 
for detecting one or more vehicles and/or pedestri­

ans in a set of images consistent with the disclosed 
embodiments. 
FIG. 5C is a flowchart showing an exemplary process 
for detecting road marks and/or lane geometry infor­
mation in a set of images consistent with the dis­
closed embodiments. 

FIG. 5D is a flowchart showing an exemplary process 
for detecting traffic lights in a set of images consistent 

with the disclosed embodiments. 
FIG. 5E is a flowchart showing an exemplary process 
for causing one or more navigational responses 

based on a vehicle path consistent with the disclosed 

embodiments. 
FIG. 5F is a flowchart showing an exemplary process 
for determining whether a leading vehicle is chang­
ing lanes consistent with the disclosed embodi­
ments. 
FIG. 6 is a flowchart showing an exemplary process 

for causing one or more navigational responses 
based on stereo image analysis consistent with the 

disclosed embodiments. 
FIG. 7 is a flowchart showing an exemplary process 
for causing one or more navigational responses 
based on an analysis of three sets of images con­

sistent with the disclosed embodiments. 
FIG. 8 is a diagrammatic representation of an exem­
plary vehicle including an object detecting and brak­
ing system traveling on a road behind another vehi­
cle consistent with the disclosed embodiments. 
FIG. 9 is a diagrammatic representation of an exem­

plary vehicle including an object detecting and brak­
ing system traveling on a road including an oncoming 

vehicle consistent with the disclosed embodiments. 
FIG. 10 is an exemplary block diagram of a memory 

IPR2025-00943 
Tesla EX1002 Page 332



5 EP 3 640 890 A1 6 

that may store instructions for performing one or 

more operations for detecting an object in front of 
the vehicle and causing the vehicle to brake based 
on the detection consistent with the disclosed em-

herein, modifications, adaptations and other implemen­

tations are possible. For example, substitutions, addi­
tions or modifications may be made to the components 

bodiments. 5 

illustrated in the drawings, and the illustrative methods 
described herein may be modified by substituting, reor­
dering, removing, or adding steps to the disclosed meth­
ods. Accordingly, the following detailed description is not 

limited to the disclosed embodiments and examples. In­
stead, the proper scope is defined by the appended 

FIG. 11 is a flowchart showing an exemplary process 
for detecting an object in front of the vehicle and 

causing the vehicle to brake based on the detection 

consistent with the disclosed embodiments. 
FIG. 12 is a flowchart showing an exemplary first 
image analysis for determining a first estimated time­
to-collision consistent with the disclosed embodi­

ments. 

FIG. 13 is a flowchart showing an exemplary second 
image analysis for determining a second estimated 
time-to-collision consistent with the disclosed em­
bodiments. 
FIGS. 14A-14C show an image with an optical flow 
field and a distribution of a second estimated time­

to-collision in the optical flow field consistent with the 

disclosed embodiments. 
FIGS. 15A and 15B show exemplary focuses of ex­
pansion when an object travels in different directions 

consistent with the disclosed embodiments. 

10 claims. 
[0013] FIG. 1 is a block diagram representation of a 
system 100 consistent with the exemplary disclosed em­

bodiments. System 100 may include various compo­

nents depending on the requirements of a particular im-
15 plementation. In some embodiments, system 100 may 

include a processing unit 110, an image acquisition unit 
120, a position sensor 130, one or more memory units 
140, 150, a map database 160, and a user interface 170. 
Processing unit 110 may include one or more processing 

20 devices. In some embodiments, processing unit 110 may 
include an applications processor 180, an image proc­
essor 190, or any other suitable processing device. Sim­
ilarly, image acquisition unit 120 may include any number 
of image acquisition devices and components depending 

FIG. 16 shows an exemplary optical flow field and a 25 on the requirements of a particular application. In some 
embodiments, image acquisition unit 120 may include 
one or more image capture devices (e.g., cameras), such 
as image capture device 122, image capture device 124, 
and image capture device 126. System 100 may also 

focus of expansion consistent with the disclosed em­
bodiments. 
FIGS. 17 A and 17B show an image of an object and 
a linear relationship between distances from points 
in an optical flow field to the focus of expansion and 30 

magnitudes of movement of the points consistent 

with the disclosed embodiments. 
FIGS. 18A and 18B show an image of an object and 
a non-linear relationship between distances from 
points in an optical flow field to the focus of expansion 35 

and magnitudes of movement of the points consist­

ent with the disclosed embodiments. 
FIG. 19 is a flowchart showing an exemplary process 
for triggering a warning based on probabilities indi­
cating that a time-to-collision is smaller than one or 40 

more thresholds consistent with the disclosed em-
bodiments. 

FIG. 20 is a flowchart showing an exemplary process 
for determining the first time-to-collision (TTC1) that 
may be implemented in the first image analysis 45 

shown in FIG. 11 consistent with the disclosed em-

bodiments. 

include a data interface 128 communicatively connecting 

processing device 110 to image acquisition device 120. 
For example, data interface 128 may include any wired 
and/or wireless link or links for transmitting image data 
acquired by image accusation device 120 to processing 

unit 110, 
[0014] Both applications processor 180 and image 

processor 190 may include various types of processing 
devices. For example, either or both of applications proc­
essor 180 and image processor 190 may include a mi-
croprocessor, preprocessors (such as an image preproc­
essor), graphics processors, a central processing unit 
(CPU), support circuits, digital signal processors, inte­

grated circuits, memory, or any other types of devices 
suitable for running applications and for image process­
ing and analysis. In some embodiments, applications 
processor 180 and/or image processor 190 may include 
any type of single or multi-core processor, mobile device 

microcontroller, central processing unit, etc. Various 

processing devices may be used, including, for example, 

FIG. 21 is a flowchart showing an exemplary process 

for performing a system validation using two modal­
ities consistent with the disclosed embodiments. 

DETAILED DESCRIPTION 

50 processors available from manufacturers such as Intel®, 

AMO®, etc. and may include various architectures (e.g., 
x86 processor, ARM®, etc.). 

[0012] The following detailed description refers to the 
accompanying drawings. Wherever possible, the same 55 

reference numbers are used in the drawings and the fol­
lowing description to refer to the same or similar parts. 

While several illustrative embodiments are described 

4 

[0015] In some embodiments, applications processor 
180 and/or image processor 190 may include any of the 

EyeQ series of processor chips available from Mobil­
eye®. These processor designs each include multiple 
processing units with local memory and instruction sets. 
Such processors may include video inputs for receiving 
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image data from multiple image sensors and may also 

include video out capabilities. In one example, the 
EyeQ2® uses 90nm-micron technology operating at 
332Mhz. The EyeQ2® architecture consists of two float­
ing point, hyper-thread 32-bit RISC CPUs (MIPS32® 
34K® cores), five Vision Computing Engines (VCE), 
three Vector Microcode Processors (VMP®), Denali 64-

bit Mobile DOR Controller, 128-bit internal Sonics Inter­
connect, dual 16-bit Video input and 18-bit Video output 

controllers, 16 channels OMA and several peripherals. 
The MIPS34K CPU manages the five VCEs, three 
VMP™ and the OMA, the second MIPS34K CPU and the 
multi-channel OMA as well as the other peripherals. The 

five VCEs, three VMP® and the MI PS34K CPU can per­
form intensive vision computations required by multi­
function bundle applications. In another example, the 
EyeQ3®, which is a third generation processor and is six 
times more powerful that the EyeQ2®, may be used in 
the disclosed embodiments. 

[0016] Any of the processing devices disclosed herein 
may be configured to perform certain functions. Config­
uring a processing device, such as any of the described 

EyeQ processors or other controller or microprocessor, 
to perform certain functions may include programming 

of computer executable instructions and making those 
instructions available to the processing device for exe­
cution during operation of the processing device. In some 
embodiments, configuring a processing device may in­
clude programming the processing device directly with 
architectural instructions. In other embodiments, config­

uring a processing device may include storing executable 
instructions on a memory that is accessible to the 
processing device during operation. For example, the 
processing device may access the memory to obtain and 
execute the stored instructions during operation. 

[0017] While FIG. 1 depicts two separate processing 

devices included in processing unit 110, more or fewer 
processing devices may be used. For example, in some 
embodiments, a single processing device may be used 

include databases and image processing software. The 

memory may comprise any number of random access 
memories, read only memories, flash memories, disk 
drives, optical storage, tape storage, removable storage 

5 and other types of storage. In one instance, the memory 

may be separate from the processing unit 110. In another 
instance, the memory may be integrated into the process­

ing unit 110. 
[0019] Each memory 140. 150 may include software 

10 instructions that when executed by a processor (e.g., ap­
plications processor 180 and/or image processor 190), 
may control operation of various aspects of system 100. 

These memory units may include various databases and 

image processing software. The memory units may in-
15 elude random access memory, read only memory, flash 

memory, disk drives, optical storage, tape storage, re­
movable storage and/or any other types of storage. In 
some embodiments, memory units 140, 150 may be sep­
arate from the applications processor 180 and/or image 

20 processor 190. In other embodiments, these memory 
units may be integrated into applications processor 180 
and/or image processor 190. 
[0020] Position sensor 130 may include any type of 
device suitable for determining a location associated with 

25 at least one component of system 100. In some embod­

iments, position sensor 130 may include a GPS receiver. 
Such receivers can determine a user position and veloc­
ity by processing signals broad casted by global position­
ing system satellites. Position information from position 

30 sensor 130 may be made available to applications proc­

essor 180 and/or image processor 190. 
[0021] User interface 170 may include any device suit­
able for providing information to or for receiving inputs 
from one or more users of system 100. In some embod-

35 iments, user interface 170 may include user input devic­

es, including, for example, a touchscreen, microphone, 

to accomplish the tasks of applications processor 180 40 

and image processor 190. In other embodiments, these 
tasks may be performed by more than two processing 

keyboard, pointer devices, track wheels, cameras, 
knobs, buttons, etc. With such input devices, a user may 
be able to provide information inputs or commands to 
system 100 by typing instructions or information, provid­
ing voice commands, selecting menu options on a screen 
using buttons, pointers, or eye-tracking capabilities, or 

through any other suitable techniques for communicating 
information to system 100. 

devices. 
[0018] Processing unit 110 may comprise various 
types of devices. For example, processing unit 110 may 45 

include various devices, such as a controller, an image 
preprocessor, a central processing unit (CPU), support 

circuits, digital signal processors, integrated circuits, 

memory, or any other types of devices for image process-
ing and analysis. The image preprocessor may include 50 

a video processorfor capturing, digitizing and processing 
the imagery from the image sensors. The CPU may com­
prise any number of microcontrollers or microprocessors. 
The support circuits may be any number of circuits gen­
erally well known in the art, including cache, power sup- 55 

ply, clock and input-output circuits. The memory may 

store software that, when executed by the processor, 
controls the operation of the system. The memory may 

5 

[0022] User interface 170 may be equipped with one 
or more processing devices configured to provide and 

receive information to or from a user and process that 
information for use by, for example, applications proces­

sor 180. In some embodiments, such processing devices 
may execute instructions for recognizing and tracking 
eye movements, receiving and interpreting voice com­
mands, recognizing and interpreting touches and/or ges­
tures made on a touchscreen, responding to keyboard 
entries or menu selections, etc. In some embodiments, 

user interface 170 may include a display, speaker, tactile 
device, and/or any other devices for providing output in­

formation to a user. 
[0023] Map database 160 may include any type of da-
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!abase for storing map data useful to system 100. In some 

embodiments, map database 160 may include data re­
lating to the position, in a reference coordinate system, 
of various items, including roads, water features, geo­
graphic features, businesses, points of interest, restau­
rants, gas stations, etc. Map database 160 may store not 
only the locations of such items, but also descriptors re­

lating to those items, including, for example, names as­
sociated with any of the stored features. In some embod­
iments, map database 160 may be physically located with 
other components of system 100. Alternatively or addi­
tionally, map database 160 or a portion thereof may be 

located remotely with respect to other components of 

system 100 (e.g., processing unit 110). In such embod­
iments, information from map database 160 may be 
downloaded over a wired or wireless data connection to 
a network (e.g., over a cellular network and/or the Inter­
net, etc.). 
[0024] Image capture devices 122, 124, and 126 may 

each include any type of device suitable for capturing at 
least one image from an environment. Moreover, any 
number of image capture devices may be used to acquire 
images for input to the image processor. Some embod­
iments may include only a single image capture device. 

while other embodiments may include two. three, or even 
four or more image capture devices. Image capture de­
vices 122, 124, and 126 will be further described with 
reference to FIGS. 2B-2E, below. 
[0025] System 100, or various components thereof, 

ample, image capture device 124 may be located on or 

in a bumper of vehicle 200. Such a location may be es­
pecially suitable for image capture devices having a wide 
field of view. The line of sight of bumper-located image 

5 capture devices can be different from that of the driver 

and, therefore, the bumper image capture device and 
driver may not always see the same objects. The image 

capture devices (e.g .. image capture devices 122, 124, 
and 126) may also be located in other locations. For ex-

10 ample, the image capture devices may be located on or 

in one or both of the side mirrors of vehicle 200. on the 
roof of vehicle 200, on the hood of vehicle 200, on the 
trunk of vehicle 200, on the sides of vehicle 200, mounted 

on, positioned behind, or positioned in front of any of the 
15 windows of vehicle 200, and mounted in or near light 

figures on the front and/or back of vehicle 200, etc. 
[0028] In addition to image capture devices, vehicle 
200 may include various other components of system 
100. For example, processing unit 110 may be included 

20 on vehicle 200 either integrated with or separate from an 
engine control unit (ECU) of the vehicle. Vehicle 200 may 

also be equipped with a position sensor 130, such as a 
GPS receiver and may also include a map database 160 
and memory units 140 and 150. 

25 [0029] FIG. 2A is a diagrammatic side view represen­

tation of an exemplary vehicle imaging system consistent 
with the disclosed embodiments. FIG. 2B is a diagram­
matic top view illustration of the embodiment shown in 

may be incorporated into various different platforms. In 30 
some embodiments, system 100 may be included on a 

vehicle 200, as shown in FIG. 2A. For example, vehicle 

FIG. 2A. As illustrated in FIG. 2B, the disclosed embod­
iments may include a vehicle 200 including in its body a 

system 100 with a first image capture device 122 posi-
tioned in the vicinity of the rearview mirror and/or near 

the driver of vehicle 200, a second image capture device 
124 positioned on or in a bumper region (e.g., one of 
bumper regions 210) of vehicle 200, and a processing 

unit 110. 

200 may be equipped with a processing unit 110 and any 

of the other components of system 100, as described 
above relative to FIG. 1. While in some embodiments 35 
vehicle 200 may be equipped with only a single image 

capture device (e.g., camera), in other embodiments, 
such as those discussed in connection with FIGS. 2B-
2E, multiple image capture devices may be used. For 
example, either of image capture devices 122 and 124 40 

of vehicle 200, as shown in FIG. 2A, may be part of an 
ADAS (Advanced Driver Assistance Systems) imaging 

[0030] As illustrated in FIG. 2C, image capture devices 
122 and 124 may both be positioned in the vicinity of the 
rearview mirror and/or near the driver of vehicle 200. Ad-
ditionally, while two image capture devices 122 and 124 
are shown in FIGS. 2B and 2C, it should be understood 
that other embodiments may include more than two im­

age capture devices. For example, in the embodiments 

shown in FIGS. 2D and 2E, first, second, and third image 

set. 
[0026] The image capture devices included on vehicle 
200 as part of the image acquisition unit 120 may be 
positioned at any suitable location. In some embodi­
ments, as shown in FIGS. 2A-2E and 3A-3C, image cap-
ture device 122 may be located in the vicinity of the rear­

view mirror. This position may provide a line of sight sim­
ilar to that of the driver of vehicle 200, which may aid in 
determining what is and is not visible to the driver. Image 
capture device 122 may be positioned at any location 
near the rearview mirror, but placing image capture de-
vice 122 on the driver side of the mirror may further aid 

in obtaining images representative of the driver's field of 
view and/or line of sight. 
[0027] Other locations for the image capture devices 
of image acquisition unit 120 may also be used. For ex-

45 capture devices 122, 124, and 126, are included in the 
system 100 of vehicle 200. 
[0031] As illustrated in FIG. 2D, image capture device 

122 may be positioned in the vicinity of the rearviewmirror 

and/or near the driver of vehicle 200, and image capture 
50 devices 124 and 126 may be positioned on or in a bumper 

region (e.g., one of bumper regions 210) of vehicle 200. 
And as shown in FIG. 2E, image capture devices 122, 
124, and 126 may be positioned in the vicinity of the rear-
view mirror and/or near the driver seat of vehicle 200. 

55 The disclosed embodiments are not limited to any par­

ticular number and configuration of the image capture 
devices, and the image capture devices may be posi­
tioned in any appropriate location within and/or on vehicle 
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200. 
[0032] It is to be understood that the disclosed embod­

iments are not limited to vehicles and could be applied 
in other contexts. It is also to be understood that disclosed 
embodiments are not limited to a particular type of vehicle 
200 and may be applicable to all types of vehicles includ­
ing automobiles, trucks, trailers, and other types of vehi­

cles. 
[0033] The first image capture device 122 may include 
any suitable type of image capture device. Image capture 
device 122 may include an optical axis. In one instance, 
the image capture device 122 may include an Aptina 

M9V024 WVGA sensor with a global shutter. In other 

embodiments, image capture device 122 may provide a 
resolution of 1280x960 pixels and may include a rolling 
shutter. Image capture device 122 may include various 
optical elements. In some embodiments one or more 
lenses may be included, for example, to provide a desired 
focal length and field of view for the image capture device. 

in different rows being exposed and captured at different 

times, which may cause skew and other image artifacts 
in the captured image frame. On the other hand, when 
the image capture device 122 is configured to operate 

5 with a global or synchronous shutter, all of the pixels may 

be exposed for the same amount of time and during a 
common exposure period. As a result, the image data in 

a frame collected from a system employing a global shut­
ter represents a snapshot of the entire FOV (such as 

10 FOV 202) at a particular time. In contrast, in a rolling 

shutter application, each row in a frame is exposed and 
data is capture at different times. Thus, moving objects 
may appear distorted in an image capture device having 

a rolling shutter. This phenomenon will be described in 
15 greater detail below. 

[0038] The second image capture device 124 and the 
third image capturing device 126 may be any type of im­
age capture device. Like the first image capture device 

In some embodiments, image capture device 122 may 20 

be associated with a 6mm lens or a 12mm lens. In some 
embodiments, image capture device 122 may be config-

122, each of image capture devices 124 and 126 may 

include an optical axis. In one embodiment, each of im­
age capture devices 124 and 126 may include an Aptina 
M9V024 WVGA sensor with a global shutter. Alternative­
ly, each of image capture devices 124 and 126 may in­

clude a rolling shutter. Like image capture device 122, 

ured to capture images having a desired field-of-view 

(FOV) 202, as illustrated in FIG. 2D. For example, image 
capture device 122 may be configured to have a regular 25 

FOV, such as within a range of 40 degrees to 56 degrees, 
including a 46 degree FOV, 50 degree FOV, 52 degree 
FOV, or greater. Alternatively, image capture device 122 
may be configured to have a narrow FOV in the range of 
23 to 40 degrees, such as a 28 degree FOV or 36 degree 30 

image capture devices 124 and 126 may be configured 
to include various lenses and optical elements. In some 
embodiments, lenses associated with image capture de­
vices 124 and 126 may provide FOVs (such as FOVs 
204 and 206) that are the same as, or narrower than, a 
FOV (such as FOV 202) associated with image capture 

device 122. For example, image capture devices 124 and 
126 may have FOVs of 40 degrees, 30 degrees, 26 de­

grees, 23 degrees, 20 degrees, or less. 
[0039] Image capture devices 124 and 126 may ac-

FOV. In addition, image capture device 122 may be con­
figured to have a wide FOV in the range of 100 to 180 
degrees. In some embodiments, image capture device 
122 may include a wide angle bumper camera or one 
with up to a 180 degree FOV. 

[0034] The first image capture device 122 may acquire 

a plurality of first images relative to a scene associated 
with the vehicle 200. Each of the plurality of first images 

35 quire a plurality of second and third images relative to a 

scene associated with the vehicle 200. Each of the plu­

rality of second and third images may be acquired as a 
second and third series of image scan lines, which may 

may be acquired as a series of image scan lines, which 
may be captured using a rolling shutter. Each scan line 40 

may include a plurality of pixels. 
[0035] The first image capture device 122 may have a 

scan rate associated with acquisition of each of the first 
series of image scan lines. The scan rate may refer to a 
rate at which an image sensor can acquire image data 45 

associated with each pixel included in a particular scan 
line. 

be captured using a rolling shutter. Each scan line or row 
may have a plurality of pixels. Image capture devices 124 
and 126 may have second and third scan rates associ-
ated with acquisition of each of image scan lines included 

in the second and third series. 

[0040] Each image capture device 122, 124. and 126 
may be positioned at any suitable position and orientation 
relative to vehicle 200. The relative positioning of the im-

age capture devices 122, 124, and 126 may be selected 
to aid in fusing together the information acquired from 

the image capture devices. For example, in some em-
[0036] Image capture devices 122, 124, and 126 may 

contain any suitable type and number of image sensors, 
including CCD sensors or CMOS sensors, for example. 
In one embodiment, a CMOS image sensor may be em­
ployed along with a rolling shutter, such that each pixel 
in a row is read one at a time, and scanning of the rows 

50 bodiments, a FOV (such as FOV 204) associated with 

image capture device 124 may overlap partially or fully 
with a FOV (such as FOV 202) associated with image 
capture device 122 and a FOV (such as FOV 206) asso-

proceeds on a row-by-row basis until an entire image 
frame has been captured. In some embodiments, the 55 

rows may be captured sequentially from top to bottom 

relative to the frame. 
[0037] The use of a rolling shutter may result in pixels 

7 

ciated with image capture device 126. 

[0041] Image capture devices 122, 124, and 126 may 
be located on vehicle 200 at any suitable relative heights. 
In one instance, there may be a height difference be­

tween the image capture devices 122, 124, and 126, 
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which may provide sufficient parallax information to en­

able stereo analysis. For example, as shown in FIG. 2A, 
the two image capture devices 122 and 124 are at differ-
ent heights. There may also be a lateral displacement 
difference between image capture devices 122, 124, and 5 

126, giving additional parallax information for stereo anal-
ysis by processing unit 110, for example. The difference 

in the lateral displacement may be denoted by dx, as 
shown in FIGS. 2C and 2D. In some embodiments, fore 
or aft displacement (e.g., range displacement) may exist 10 

between image capture devices 122, 124, and 126. For 
example, image capture device 122 may be located 0.5 

each are different. Additionally, as will be discussed in 

greater detail below, these selectable timing controls, 
among other factors (e.g., image sensor resolution, max­
imum line scan rates, etc.) may enable synchronization 
of image capture from an area where the FOV of image 
capture device 122 overlaps with one or more FOVs of 
image capture devices 124 and 126, even where the field 

of view of image capture device 122 is different from the 
FOVs of image capture devices 124 and 126. 
[0045] Frame rate timing in image capture device 122, 
124, and 126 may depend on the resolution of the asso­

ciated image sensors. For example, assuming similar line 
scan rates for both devices, if one device includes an 
image sensor having a resolution of 640 x 480 and an-

to 2 meters or more behind image capture device 124 

and/or image capture device 126. This type of displace­
ment may enable one of the image capture devices to 
cover potential blind spots of the other image capture 
device(s). 
[0042] Image capture devices 122 may have any suit­
able resolution capability (e.g., number of pixels associ-

1 s other device includes an image sensor with a resolution 

of 1280 x 960, then more time will be required to acquire 
a frame of image data from the sensor having the higher 
resolution. 

ated with the image sensor), and the resolution of the 20 

image sensor(s) associated with the image capture de-
vice 122 may be higher, lower, or the same as the reso­
lution of the image sensor( s) associated with image cap-

[0046] Another factor that may affect the timing of im­

age data acquisition in image capture devices 122, 124, 
and 126 is the maximum line scan rate. For example, 
acquisition of a row of image data from an image sensor 

included in image capture device 122, 124. and 126 will 
require some minimum amount of time. Assuming no pix-ture devices 124 and 126. In some embodiments, the 

image sensor(s) associated with image capture device 
122 and/or image capture devices 124 and 126 may have 
a resolution of 640 x 480, 1024 x 768, 1280 x 960, or any 
other suitable resolution. 

25 el delay periods are added, this minimum amount of time 

for acquisition of a row of image data will be related to 
the maximum line scan rate for a particular device. De­
vices that offer higher maximum line scan rates have the 

[0043] The frame rate (e.g., the rate at which an image 
capture device acquires a set of pixel data of one image 30 

frame before moving on to capture pixel data associated 
with the next image frame) may be controllable. The 
frame rate associated with image capture device 122 
may be higher, lower, or the same as the frame rate as­
sociated with image capture devices 124 and 126. The 35 

frame rate associated with image capture devices 122. 

124, and 126 may depend on a variety of factors that 
may affect the timing of the frame rate. For example, one 
or more of image capture devices 122, 124, and 126 may 
include a selectable pixel delay period imposed before 40 

or after acquisition of image data associated with one or 
more pixels of an image sensor in image capture device 

122, 124, and/or 126. Generally, image data correspond­
ing to each pixel may be acquired according to a clock 
rate for the device (e.g., one pixel per clock cycle). Ad- 45 

ditionally, in embodiments including a rolling shutter. one 
or more of image capture devices 122, 124, and 126 may 
include a selectable horizontal blanking period imposed 

before or after acquisition of image data associated with 
a row of pixels of an image sensor in image capture de- 50 

vice 122. 124, and/or 126. Further, one or more of image 
capture devices 122, 124. and/or 126 may include a se­
lectable vertical blanking period imposed before or after 
acquisition of image data associated with an image frame 

potential to provide higher frame rates than devices with 
lower maximum line scan rates. In some embodiments, 

one or more of image capture devices 124 and 126 may 
have a maximum line scan rate that is higher than a max­
imum line scan rate associated with image capture de­

vice 122. In some embodiments, the maximum line scan 
rate of image capture device 124 and/or 126 maybe 1.25, 

1.5, 1. 75, or 2 times or more than a maximum line scan 

rate of image capture device 122. 
[0047] In another embodiment, image capture devices 
122, 124, and 126 may have the same maximum line 
scan rate, but image capture device 122 may be operated 
at a scan rate less than or equal to its maximum scan 
rate. The system may be configured such that one or 

more of image capture devices 124 and 126 operate at 
a line scan rate that is equal to the line scan rate of image 
capture device 122. In other instances, the system may 
be configured such that the line scan rate of image cap-
ture device 124 and/or image capture device 126 may 

be 1.25, 1.5, 1. 75, or 2 times or more than the line scan 

rate of image capture device 122. 
[0048] In some embodiments. image capture devices 
122, 124, and 126 may be asymmetric. That is, they may 
include cameras having different fields of view (FOV) and 
focal lengths. The fields of view of image capture devices 
122, 124, and 126 may include any desired area relative 

of image capture device 122, 124, and 126. 
[0044] These timing controls may enable synchroniza­
tion offrame rates associated with image capture devices 

122, 124, and 126, even where the line scan rates of 

55 to an environment of vehicle 200, for example. In some 

embodiments, one or more of image capture devices 
122, 124, and 126 may be configured to acquire image 

data from an environment in front of vehicle 200, behind 
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vehicle 200, to the sides of vehicle 200, or combinations 

thereof. 

for example, fall within (e.g., are narrower than) and share 

a common center with the field of view of image capture 
device 122. In other embodiments, the image capture 
devices 122, 124, and 126 may capture adjacent FOVs 

[0049] Further, the focal length associated with each 
image capture device 122, 124. and/or 126 may be se­
lectable (e.g., by inclusion of appropriate lenses etc.) 
such that each device acquires images of objects at a 
desired distance range relative to vehicle 200. For ex­

ample, in some embodiments image capture devices 
122, 124, and 126 may acquire images of close-up ob­
jects within a few meters from the vehicle. Image capture 

devices 122, 124, and 126 may also be configured to 
acquire images of objects at ranges more distant from 

5 or may have partial overlap in their FOVs. In some em­

bodiments, the fields of view of image capture devices 
122, 124, and 126 may be aligned such that a center of 

the narrower FOV image capture devices 124 and/or 126 
may be located in a lower half of the field of view of the 

10 wider FOV device 122. 

the vehicle (e.g., 25 m, 50 m, 100 m, 150 m, or more). 

Further, the focal lengths of image capture devices 122, 

[0054] FIG. 2F is a diagrammatic representation of ex­
emplary vehicle control systems, consistent with the dis­

closed embodiments. As indicated in FIG. 2F, vehicle 

200 may include throttling system 220, braking system 
124, and 126 may be selected such that one image cap­ 15 230, and steering system 240. System 100 may provide 

inputs (e.g., control signals) to one or more of throttling 
system 220, braking system 230, and steering system 
240 over one or more data links (e.g., any wired and/or 

ture device (e.g., image capture device 122) can acquire 
images of objects relatively close to the vehicle (e.g., 

within 10 m or within 20 m) while the other image capture 
devices (e.g., image capture devices 124 and 126) can 

acquire images of more distant objects (e.g., greater than 20 

20 m, 50 m, 100 m, 150 m, etc.) from vehicle 200. 
[0050] According to some embodiments, the FOV of 

one or more image capture devices 122, 124, and 126 
may have a wide angle. For example, it may be advan­

tageous to have a FOV of 140 degrees, especially for 25 

image capture devices 122, 124, and 126 that may be 
used to capture images of the area in the vicinity of vehicle 
200. For example, image capture device 122 may be 
used to capture images of the area to the right or left of 
vehicle 200 and, in such embodiments, it may be desir- 30 
able for image capture device 122 to have a wide FOV 
(e.g., at least 140 degrees). 
[0051] The field of view associated with each of image 

capture devices 122, 124, and 126 may depend on the 
respective focal lengths. For example, as the focal length 35 

wireless link or links for transmitting data). For example, 

based on analysis of images acquired by image capture 

devices 122, 124, and/or 126, system 100 may provide 
control signals to one or more of throttling system 220, 
braking system 230, and steering system 240 to navigate 

vehicle 200 (e.g., by causing an acceleration, a turn, a 

lane shift, etc.). Further, system 100 may receive inputs 
from one or more of throttling system 220, braking system 
230, and steering system 24 indicating operating condi­
tions of vehicle 200 ( e.g., speed, whether vehicle 200 is 
braking and/or turning, etc.). Further details are provided 
in connection with FIGS. 4-7, below. 

[0055] As shown in FIG. 3A, vehicle 200 may also in­
clude a user interface 170 for interacting with a driver or 

a passenger of vehicle 200. For example, user interface 
170 in a vehicle application may include a touch screen 

320, knobs 330, buttons 340, and a microphone 350. A 
driver or passenger of vehicle 200 may also use handles 

(e.g., located on or near the steering column of vehicle 
200 including, for example, turn signal handles), buttons 
(e.g., located on the steering wheel of vehicle 200), and 

increases, the corresponding field of view decreases. 

[0052] Image capture devices 122, 124, and 126 may 
be configured to have any suitable fields of view. In one 
particular example, image capture device 122 may have 
a horizontal FOV of 46 degrees, image capture device 
124 may have a horizontal FOVof23 degrees, and image 
capture device 126 may have a horizontal FOV in be­

tween 23 and 46 degrees. In another instance, image 
capture device 122 may have a horizontal FOV of 52 

40 the like, to interact with system 100. In some embodi­

ments, microphone 350 may be positioned adjacent to a 
rearview mirror 310. Similarly, in some embodiments, im­

age capture device 122 may be located near rearview 

mirror 310. In some embodiments, user interface 170 
degrees, image capture device 124 may have a horizon- 45 

tal FOV of 26 degrees, and image capture device 126 
may have a horizontal FOV in between 26 and 52 de­

grees. In some embodiments, a ratio of the FOVofimage 

capture device 122 to the FOVs of image capture device 
124 and/or image capture device 126 may vary from 1.5 50 

to 2.0. In other embodiments, this ratio may vary between 
1.25 and 2.25. 
[0053] System 100 may be configured so that a field 
of view of image capture device 122 overlaps, at least 
partially or fully, with a field of view of image capture 55 

device 124 and/or image capture device 126. In some 
embodiments, system 100 may be configured such that 
the fields of view of image capture devices 124 and 126, 

9 

may also include one or more speakers 360 (e.g., speak­
ers of a vehicle audio system). For example, system 100 
may provide various notifications (e.g., alerts) via speak­

ers 360. 
[0056] FIGS. 3B-3D are illustrations of an exemplary 
camera mount 370 configured to be positioned behind a 
rearview mirror (e.g., rearview mirror 310) and against a 
vehicle windshield, consistent with disclosed embodi­
ments. As shown in FIG. 3B, camera mount 370 may 
include image capture devices 122, 124, and 126. Image 

capture devices 124 and 126 may be positioned behind 
a glare shield 380, which may be flush against the vehicle 
windshield and include a composition of film and/or anti­
reflective materials. For example, glare shield 380 may 
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be positioned such that it aligns against a vehicle wind­
shield having a matching slope. In some embodiments, 
each of image capture devices 122, 124, and 126 may 
be positioned behind glare shield 380, as depicted, for 
example, in FIG. 30. The disclosed embodiments are 5 

not limited to any particular configuration of image cap-

devices 122 and 124) may be positioned at the front 
and/or the sides of a vehicle (e.g., vehicle 200). The first 
camera may have a field of view that is greater than, less 
than, or partially overlapping with, the field of view of the 
second camera. In addition, the first camera may be con­
nected to a first image processor to perform monocular 
image analysis of images provided by the first camera, 
and the second camera may be connected to a second 
image processor to perform monocular image analysis 

ture devices 122, 124, and 126, camera mount 370, and 
glare shield 380. FIG. 3C is an illustration of camera 
mount 370 shown in FIG. 3B from a front perspective. 
[0057] As will be appreciated by a person skilled in the 
art having the benefit of this disclosure, numerous vari­
ations and/or modifications may be made to the foregoing 
disclosed embodiments. For example, not all compo­
nents are essential for the operation of system 100. Fur­
ther, any component may be located in any appropriate 
part of system 100 and the components may be rear­
ranged into a variety of configurations while providing the 
functionality of the disclosed embodiments. Therefore. 

10 of images provided by the second camera. The outputs 
(e.g., processed information) of the first and second im-
age processors may be combined. In some embodi­
ments, the second image processor may receive images 
from both the first camera and second camera to perform 

the foregoing configurations are examples and, regard­
less of the configurations discussed above, system 100 
can provide a wide range of functionality to analyze the 
surroundings of vehicle 200 and navigate vehicle 200 in 
response to the analysis. 

15 stereo analysis. In another embodiment, system 100 may 
use a three-camera imaging system where each of the 
cameras has a different field of view. Such a system may, 
therefore, make decisions based on information derived 
from objects located at varying distances both forward 

20 and to the sides of the vehicle. References to monocular 

[0058] As discussed below in further detail and con-
sistent with various disclosed embodiments, system 100 25 

may provide a variety of features related to autonomous 
driving and/or driver assisttechnology. For example, sys-
tem 100 may analyze image data, position data (e.g., 

image analysis may refer to instances where image anal­
ysis is performed based on images captured from a single 
point of view (e.g., from a single camera). Stereo image 
analysis may refer to instances where image analysis is 
performed based on two or more images captured with 
one or more variations of an image capture parameter. 
For example, captured images suitable for performing 
stereo image analysis may include images captured: 
from two or more different positions, from different fields GPS location information), map data, speed data, and/or 

data from sensors included in vehicle 200. System 100 
may collect the data for analysis from, for example, image 
acquisition unit 120, position sensor 130, and other sen­
sors. Further, system 100 may analyze the collected data 

30 of view, using different focal lengths, along with parallax 
information, etc. 

to determine whether or not vehicle 200 should take a 
certain action, and then automatically take the deter- 35 

mined action without human intervention. For example. 
when vehicle 200 navigates without human intervention. 
system 100 may automatically control the braking, ac­
celeration, and/or steering of vehicle 200 (e.g., by send-
ing control signals to one or more of throttling system 40 

220, braking system 230, and steering system 240). Fur-
ther, system 100 may analyze the collected data and 
issue warnings and/or alerts to vehicle occupants based 
on the analysis of the collected data. Additional details 
regarding the various embodiments that are provided by 45 

system 100 are provided below. 

[0060] For example, in one embodiment, system 100 
may implement a three camera configuration using im-
age capture devices 122-126. In such a configuration, 
image capture device 122 may provide a narrow field of 
view (e.g., 34 degrees, or other values selected from a 
range of about 20 to 45 degrees, etc.), image capture 
device 124 may provide a wide field of view (e.g., 150 
degrees or other values selected from a range of about 
100 to about 180 degrees), and image capture device 
126 may provide an intermediate field of view (e.g., 46 
degrees or other values selected from a range of about 
35 to about 60 degrees). In some embodiments, image 
capture device 126 may act as a main or primary camera. 
Image capture devices 122-126 may be positioned be­
hind rearview mirror 310 and positioned substantially 
side-by-side (e.g., 6 cm apart). Further, in some embod-

Forward-Facing Multi-Imaging System iments. as discussed above, one or more of image cap-
ture devices 122-126 may be mounted behind glare 

[0059] As discussed above, system 100 may provide so shield 380 that is flush with the windshield of vehicle 200. 
drive assist functionality that uses a multi-camera sys­
tem. The multi-camera system may use one or more cam­
eras facing in the forward direction of a vehicle. In other 
embodiments, the multi-camera system may include one 
or more cameras facing to the side of a vehicle or to the 55 

rear of the vehicle. In one embodiment, for example, sys-
tem 100 may use a two-camera imaging system, where 
a first camera and a second camera (e.g., image capture 

10 

Such shielding may act to minimize the impact of any 
reflections from inside the car on image capture devices 
122-126. 
[0061] In another embodiment, as discussed above in 
connection with FIGS. 3B and 3C, the wide field of view 
camera (e.g., image capture device 124 in the above 
example) may be mounted lower than the narrow and 
main field of view cameras (e.g., image devices 122 and 
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126 in the above example). This configuration may pro­

vide a free line of sight from the wide field of view camera. 
To reduce reflections, the cameras may be mounted 
close to the windshield of vehicle 200, and may include 
polarizers on the cameras to damp reflected light. 
[0062] A three camera system may provide certain per­
formance characteristics. For example, some embodi­

ments may include an ability to validate the detection of 
objects by one camera based on detection results from 
another camera. In the three camera configuration dis­
cussed above, processing unit 110 may include, for ex­

ample, three processing devices (e.g., three EyeQ series 
of processor chips, as discussed above), with each 

processing device dedicated to processing images cap­
tured by one or more of image capture devices 122-126. 
[0063] In a three camera system, a first processing de­
vice may receive images from both the main camera and 
the narrow field of view camera, and perform vision 

image capture devices (e.g., image capture devices 122 

and 124) in providing navigation assistance for vehicle 
200 and use a third image capture device (e.g., image 
capture device 126) to provide redundancy and validate 

5 the analysis of data received from the other two image 

capture devices. For example, in such a configuration, 
image capture devices 122 and 124 may provide images 

for stereo analysis by system 100 for navigating vehicle 
200, while image capture device 126 may provide images 

10 for monocular analysis by system 100 to provide redun­
dancy and validation of information obtained based on 
images captured from image capture device 122 and/or 

image capture device 124. That is, image capture device 

126 (and a corresponding processing device) may be 
15 considered to provide a redundant sub-system for pro­

viding a check on the analysis derived from image cap­
ture devices 122 and 124 (e.g., to provide an automatic 
emergency braking (AEB) system). 

processing of the narrow FOV camera to. for example, 

detect other vehicles, pedestrians, lane marks, traffic 20 

signs, traffic lights, and other road objects. Further, the 

[0068] One of skill in the art will recognize that the 

above camera configurations, camera placements, 
number of cameras, camera locations, etc., are exam-

first processing device may calculate a disparity of pixels 
between the images from the main camera and the nar-
row camera and create a 3D reconstruction of the envi­

ronment of vehicle 200. The first processing device may 25 

then combine the 3D reconstruction with 3D map data or 

ples only. These components and others described rel­
ative to the overall system may be assembled and used 
in a variety of different configurations without departing 

from the scope of the disclosed embodiments. Further 
details regarding usage of a multi-camera system to pro­
vide driver assist and/or autonomous vehicle functional­
ity follow below. 

with 3D information calculated based on information from 
another camera. 
[0064] The second processing device may receive im­
ages from main camera and perform vision processing 

to detect other vehicles, pedestrians, lane marks, traffic 
signs, traffic lights, and other road objects. Additionally, 
the second processing device may calculate a camera 

displacement and, based on the displacement, calculate 

[0069] FIG. 4 is an exemplary functional block diagram 
30 of memory 140 and/or 150, which may be stored/pro­

grammed with instructions for performing one or more 

operations consistent with the disclosed embodiments. 
Although the following refers to memory 140, one of skill 

a disparity of pixels between successive images and ere- 35 

in the art will recognize that instructions may be stored 
in memory 140 and/or 150. 

ate a 3D reconstruction of the scene (e.g., a structure 

from motion). The second processing device may send 
the structure from motion based 3D reconstruction to the 
first processing device to be combined with the stereo 
3D images. 
[0065] The third processing device may receive imag­
es from the wide FOV camera and process the images 

to detect vehicles, pedestrians, lane marks, traffic signs, 
traffic lights, and other road objects. The third processing 

[0070] As shown in FIG. 4, memory 140 may store a 

monocular image analysis module 402, a stereo image 
analysis module 404, a velocity and acceleration module 
406, and a navigational response module 408. The dis-

40 closed embodiments are not limited to any particular con­

figuration of memory 140. Further, application processor 
180 and/or image processor 190 may execute the in­

structions stored in any of modules 402-408 included in 

device may further execute additional processing instruc- 45 

lions to analyze images to identify objects moving in the 

memory 140. One of skill in the art will understand that 
references in the following discussions to processing unit 
110 may refer to application processor 180 and image 

image, such as vehicles changing lanes. pedestrians, 
etc. 

[0066] In some embodiments, having streams of im­
age-based information captured and processed inde- 50 

pendently may provide an opportunity for providing re­
dundancy in the system. Such redundancy may include, 

processor 190 individually or collectively. Accordingly, 

steps of any of the following processes may be performed 

by one or more processing devices. 
[0071] In one embodiment, monocular image analysis 
module 402 may store instructions (such as computer 
vision software) which, when executed by processing unit 
110, performs monocular image analysis of a set of im­
ages acquired by one of image capture devices 122, 124, 

for example, using a first image capture device and the 
images processed from that device to validate and/or 

supplement information obtained by capturing and 
processing image information from at least a second im­
age capture device. 
[0067] In some embodiments, system 100 may use two 

55 and 126. In some embodiments, processing unit 110 may 

combine information from a set of images with additional 
sensory information (e.g., information from radar) to per­
form the monocular image analysis. As described in con-
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nection with FIGS. 5A-5D below, monocular image anal-

ysis module 402 may include instructions for detecting a 
set of features within the set of images, such as lane 
markings, vehicles, pedestrians, road signs, highway exit 
ramps, traffic lights, hazardous objects, and any other 5 

feature associated with an environment of a vehicle. 
Based on the analysis, system 100 (e.g., via processing 

unit 110) may cause one or more navigational responses 

in vehicle 200, such as a turn, a lane shift, a change in 
acceleration, and the like, as discussed below in connec- 10 

tion with navigational response module 408. 

system 230, and/or steering system 240 of vehicle 200 

to trigger a change in velocity and/or acceleration by, for 
example, physically depressing the brake or easing up 
off the accelerator of vehicle 200. 
[0074] In one embodiment, navigational response 
module 408 may store software executable by process­
ing unit 110 to determine a desired navigational response 

based on data derived from execution of monocular im­
age analysis module 402 and/or stereo image analysis 
module 404. Such data may include position and speed 
information associated with nearby vehicles, pedestri­

ans, and road objects, target position information for ve­
hicle 200, and the like. Additionally, in some embodi-

[0072] In one embodiment, stereo image analysis 

module 404 may store instructions (such as computer 

vision software)which. when executed by processing unit 
110, performs stereo image analysis of first and second 
sets of images acquired by a combination of image cap­
ture devices selected from any of image capture devices 

ments, the navigational response may be based (partially 
15 or fully) on map data. a predetermined position of vehicle 

122, 124, and 126. In some embodiments, processing 
unit 110 may combine information from the first and sec-

ond sets of images with additional sensory information 20 

(e.g., information from radar) to perform the stereo image 
analysis. For example, stereo image analysis module 

200, and/or a relative velocity or a relative acceleration 
between vehicle 200 and one or more objects detected 
from execution of monocular image analysis module 402 
and/or stereo image analysis module 404. Navigational 

response module 408 may also determine a desired nav­
igational response based on sensory input (e.g., infor­
mation from radar) and inputs from other systems of ve­
hicle 200, such as throttling system 220, braking system 

230, and steering system 240 of vehicle 200. Based on 

404 may include instructions for performing stereo image 
analysis based on a first set of images acquired by image 

capture device 124 and a second set of images acquired 
by image capture device 126. As described in connection 
with FIG. 6 below, stereo image analysis module 404 
may include instructions for detecting a set of features 

25 the desired navigational response, processing unit 110 

may transmit electronic signals to throttling system 220, 
braking system 230, and steering system 240 of vehicle 
200 to trigger a desired navigational response by, for 

within the first and second sets of images. such as lane 
markings, vehicles, pedestrians, road signs, highway exit 30 

ramps, traffic lights, hazardous objects, and the like. 
Based on the analysis, processing unit 110 may cause 

one or more navigational responses in vehicle 200, such 
as a turn, a lane shift, a change in acceleration, and the 
like, as discussed below in connection with navigational 
response module 408. 

[0073] In one embodiment. velocity and acceleration 
module 406 may store software configured to analyze 

35 

data received from one or more computing and electro­
mechanical devices in vehicle 200 that are configured to 40 

example, turning the steering wheel of vehicle 200 to 
achieve a rotation of a predetermined angle. In some 

embodiments, processing unit 110 may use the output 
of navigational response module 408 (e.g., the desired 
navigational response) as an input to execution of veloc­
ity and acceleration module 406 for calculating a change 

in speed of vehicle 200. 
[0075] FIG. 5A is a flowchart showing an exemplary 

process 500A for causing one or more navigational re­
sponses based on monocular image analysis, consistent 
with disclosed embodiments. At step 510, processing unit 
110 may receive a plurality of images via data interface 
128 between processing unit 110 and image acquisition 
unit 120. For instance, a camera included in image ac­

quisition unit 120 (such as image capture device 122 hav­
ing field of view 202) may capture a plurality of images 

cause a change in velocity and/or acceleration of vehicle 
200. For example, processing unit 110 may execute in­

structions associated with velocity and acceleration mod­
ule 406 to calculate a target speed for vehicle 200 based 
on data derived from execution of monocular image anal­
ysis module 402 and/or stereo image analysis module 
404. Such data may include, for example, a target posi­

tion, velocity, and/or acceleration, the position and/or 

speed of vehicle 200 relative to a nearby vehicle, pedes-

45 of an area forward of vehicle 200 (or to the sides or rear 

of a vehicle, for example) and transmit them over a data 
connection (e.g., digital, wired, USB, wireless, Bluetooth, 
etc.) to processing unit 110. Processing unit 110 may 

trian, or road object, position information for vehicle 200 50 

relative to lane markings of the road, and the like. In ad­
dition, processing unit 110 may calculate a target speed 
for vehicle 200 based on sensory input (e.g., information 
from radar) and input from other systems of vehicle 200, 
such as throttling system 220, braking system 230, 55 

and/or steering system 240 of vehicle 200. Based on the 
calculated target speed, processing unit 110 may trans-
mit electronic signals to throttling system 220, braking 

12 

execute monocular image analysis module 402 to ana­

lyze the plurality of images at step 520, as described in 
further detail in connection with FIGS. 5B-5D below. By 
performing the analysis, processing unit 110 may detect 
a set of features within the set of images, such as lane 
markings, vehicles, pedestrians, road signs, highway exit 

ramps, traffic lights, and the like. 
[0076] Processing unit 110 may also execute monoc­
ular image analysis module 402 to detect various road 

hazards at step 520, such as, for example, parts of a 
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database (e.g., a database stored in memory 140). Prop­

erties may include object shape, dimensions, texture, po­
sition (e.g., relative to vehicle 200), and the like. Thus, 
processing unit 110 may use one or more sets of criteria 

truck tire, fallen road signs, loose cargo, small animals, 

and the like. Road hazards may vary in structure, shape, 
size. and color, which may make detection of such haz­
ards more challenging. In some embodiments, process­
ing unit 110 may execute monocular image analysis mod­
ule 402 to perform multi-frame analysis on the plurality 
of images to detect road hazards. For example, process­

ing unit 110 may estimate camera motion between con­
secutive image frames and calculate the disparities in 
pixels between the frames to construct a 3D-map of the 
road. Processing unit 110 may then use the 3D-map to 

detectthe road surface, as well as hazards existing above 
the road surface. 

5 to reject false candidates from the set of candidate ob­

jects. 
[0080] At step 544, processing unit 110 may analyze 

multiple frames of images to determine whether objects 
in the set of candidate objects represent vehicles and/or 

[0077] At step 530, processing unit 110 may execute 
navigational response module 408 to cause one or more 
navigational responses in vehicle 200 based on the anal­
ysis performed at step 520 and the techniques as de­
scribed above in connection with FIG. 4. Navigational 

10 pedestrians. For example, processing unit 110 may track 
a detected candidate object across consecutive frames 
and accumulate frame-by-frame data associated with the 

detected object (e.g., size, position relative to vehicle 

200, etc.). Additionally, processing unit 110 may estimate 
15 parameters for the detected object and compare the ob­

ject's frame-by-frame position data to a predicted posi­
tion. 

responses may include, for example, a turn, a lane shift, 

a change in acceleration, and the like. In some embodi- 20 

ments, processing unit 110 may use data derived from 
execution of velocity and acceleration module 406 to 
cause the one or more navigational responses. Addition-
ally, multiple navigational responses may occur simulta-

neously, in sequence, or any combination thereof. For 25 

instance, processing unit 110 may cause vehicle 200 to 
shift one lane over and then accelerate by, for example, 
sequentially transmitting control signals to steering sys-
tem 240 and throttling system 220 of vehicle 200. Alter-
natively, processing unit 110 may cause vehicle 200 to 30 
brake while at the same time shifting lanes by, for exam-
ple, simultaneously transmitting control signals to brak-
ing system 230 and steering system 240 of vehicle 200. 
[0078] FIG. 5B is a flowchart showing an exemplary 
process 500B for detecting one or more vehicles and/or 35 

pedestrians in a set of images, consistent with disclosed 
embodiments. Processing unit 110 may execute monoc­

ular image analysis module 402 to implement process 
500B. At step 540, processing unit 110 may determine 
a set of candidate objects representing possible vehicles 40 

and/or pedestrians. For example, processing unit 110 
may scan one or more images, compare the images to 

[0081] At step 546, processing unit 110 may construct 
a set of measurements for the detected objects. Such 

measurements may include, for example, position, ve­
locity, and acceleration values (relative to vehicle 200) 
associated with the detected objects. In some embodi­
ments, processing unit 110 may construct the measure­
ments based on estimation techniques using a series of 

time-based observations such as Kalman filters or linear 

quadratic estimation (LQE), and/or based on available 
modeling data for different object types (e.g., cars, trucks, 
pedestrians, bicycles, road signs, etc.). The Kalman fil­
ters may be based on a measurement of an object's 

scale, where the scale measurement is proportional to a 

time to collision (e.g., the amount of time for vehicle 200 
to reach the object). Thus, by performing steps 540-546, 
processing unit 110 may identify vehicles and pedestri­
ans appearing within the set of captured images and de­

rive information (e.g., position, speed, size) associated 
with the vehicles and pedestrians. Based on the identifi-

cation and the derived information, processing unit 110 
may cause one or more navigational responses in vehicle 
200, as described in connection with FIG. 5A, above. 
[0082] At step 548, processing unit 110 may perform 
an optical flow analysis of one or more images to reduce 
the probabilities of detecting a "false hit" and missing a 

candidate object that represents a vehicle or pedestrian. 
The optical flow analysis may refer to, for example, an-

one or more predetermined patterns, and identify within 
each image possible locations that may contain objects 

of interest (e.g .. vehicles, pedestrians, or portions there­
of). The predetermined patterns may be designed in such 
a way to achieve a high rate of "false hits" and a low rate 

of "misses." For example, processing unit 110 may use 

45 alyzing motion patterns relative to vehicle 200 in the one 
or more images associated with other vehicles and pe­

destrians, and that are distinct from road surface motion. 
Processing unit 110 may calculate the motion of candi-

a low threshold of similarity to predetermined patterns 
for identifying candidate objects as possible vehicles or 50 

pedestrians. Doing so may allow processing unit 110 to 
reduce the probability of missing (e.g., not identifying) a 
candidate object representing a vehicle or pedestrian. 
[0079] At step 542, processing unit 110 may filter the 
set of candidate objects to exclude certain candidates 55 

(e.g., irrelevant or less relevant objects) based on clas-
sification criteria. Such criteria may be derived from var­
ious properties associated with object types stored in a 

13 

date objects by observing the different positions of the 
objects across multiple image frames, which are cap­
tured at different times. Processing unit 110 may use the 
position and time values as inputs into mathematical 
models for calculating the motion of the candidate ob­
jects. Thus, optical flow analysis may provide another 

method of detecting vehicles and pedestrians that are 
nearby vehicle 200. Processing unit 110 may perform 
optical flow analysis in combination with steps 540-546 
to provide redundancy for detecting vehicles and pedes-
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trians and increase the reliability of system 100. 

[0083] FIG. 5C is a flowchart showing an exemplary 
process 500C for detecting road marks and/or lane ge-
ometry information in a set of images, consistent with 

map data (such as data from map database 160). By 

considering additional sources of information, process­
ing unit 110 may provide redundancy for detecting road 

disclosed embodiments. Processing unit 110 may exe- 5 

marks and lane geometry and increase the reliability of 
system 100. 

cute monocular image analysis module 402 to implement 
process 500C. At step 550, processing unit 110 may de-

tect a set of objects by scanning one or more images. To 
detect segments of lane markings, lane geometry infor­

mation, and other pertinent road marks, processing unit 
110 may filter the set of objects to exclude those deter­

mined to be irrelevant (e.g., minor potholes, small rocks, 
etc.). At step 552, processing unit 110 may group togeth-

er the segments detected in step 550 belonging to the 
same road mark or lane mark. Based on the grouping. 
processing unit 110 may develop a model to represent 
the detected segments, such as a mathematical model. 
[0084] At step 554. processing unit 110 may construct 
a set of measurements associated with the detected seg­

ments. In some embodiments, processing unit 110 may 
create a projection of the detected segments from the 
image plane onto the real-world plane. The projection 
may be characterized using a 3rd-degree polynomial 
having coefficients corresponding to physical properties 

such as the position, slope, curvature, and curvature de­
rivative of the detected road. In generating the projection, 
processing unit 110 may take into account changes in 
the road surface, as well as pitch and roll rates associated 

[0087] FIG. 5D is a flowchart showing an exemplary 
process SOOD for detecting traffic lights in a set of images, 

consistent with disclosed embodiments. Processing unit 
110 may execute monocular image analysis module 402 

10 to implement process 500D. At step 560, processing unit 
110 may scan the set of images and identify objects ap­
pearing at locations in the images likely to contain traffic 

lights. For example, processing unit 110 may filter the 

identified objects to construct a set of candidate objects, 
15 excluding those objects unlikely to correspond to traffic 

lights. The filtering may be done based on various prop­
erties associated with traffic lights, such as shape, di­
mensions, texture, position (e.g., relative to vehicle 200), 
and the like. Such properties may be based on multiple 

20 examples of traffic lights and traffic control signals and 

stored in a database. In some embodiments, processing 
unit 110 may perform multi-frame analysis on the set of 
candidate objects reflecting possible traffic lights. For ex­
ample, processing unit 110 may track the candidate ob-

25 jects across consecutive image frames, estimate the re­

al-world position of the candidate objects, and filter out 
those objects that are moving (which are unlikely to be 
traffic lights). In some embodiments. processing unit 110 

with vehicle 200. In addition, processing unit 110 may 
model the road elevation by analyzing position and mo- 30 

may perform color analysis on the candidate objects and 
identify the relative position of the detected colors ap­

pearing inside possible traffic lights. lion cues present on the road surface. Further, process­
ing unit 110 may estimate the pitch and roll rates asso­
ciated with vehicle 200 by tracking a set of feature points 
in the one or more images. 
[0085] At step 556, processing unit 110 may perform 

multi-frame analysis by, for example, tracking the detect­
ed segments across consecutive image frames and ac­

cumulating frame-by-frame data associated with detect­
ed segments. As processing unit 110 performs multi-

[0088] At step 562, processing unit 110 may analyze 
the geometry of a junction. The analysis may be based 
on any combination of: (i) the number of lanes detected 

35 on either side of vehicle 200, (ii) markings (such as arrow 

marks) detected on the road, and (iii) descriptions of the 

junction extracted from map data (such as data from map 
database 160). Processing unit 110 may conduct the 

frame analysis, the set of measurements constructed at 40 

step 554 may become more reliable and associated with 

analysis using information derived from execution of mo­
nocular analysis module 402. In addition, Processing unit 
110 may determine a correspondence between the traffic 

an increasingly higher confidence level. Thus, by per­

forming steps 550-556, processing unit 110 may identify 
road marks appearing within the set of captured images 
and derive lane geometry information. Based on the iden­

tification and the derived information, processing unit 110 
may cause one or more navigational responses in vehicle 

200, as described in connection with FIG. 5A, above. 
[0086] At step 558, processing unit 110 may consider 

lights detected at step 560 and the lanes appearing near 

vehicle 200. 
[0089] As vehicle 200 approaches the junction, at step 

45 564, processing unit 110 may update the confidence level 
associated with the analyzed junction geometry and the 

detected traffic lights. For instance, the number of traffic 
lights estimated to appear at the junction as compared 

additional sources of information to further develop a 50 

safety model for vehicle 200 in the context of its surround-

with the number actually appearing at the junction may 
impact the confidence level. Thus, based on the confi­
dence level, processing unit 110 may delegate control to 

ings. Processing unit 110 may use the safety model to 
define a context in which system 100 may execute au­
tonomous control of vehicle 200 in a safe manner. To 

develop the safety model, in some embodiments, 
processing unit 110 may consider the position and motion 

of other vehicles, the detected road edges and barriers, 
and/or general road shape descriptions extracted from 

55 

14 

the driver of vehicle 200 in order to improve safety con­
ditions. By performing steps 560-564, processing unit 
110 may identify traffic lights appearing within the set of 

captured images and analyze junction geometry infor­

mation. Based on the identification and the analysis, 
processing unit 110 may cause one or more navigational 

responses in vehicle 200, as described in connection with 
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FIG. 5A, above. 

[0090] FIG. 5E is a flowchart showing an exemplary 
process 500E for causing one or more navigational re­
sponses in vehicle 200 based on a vehicle path, consist­
ent with the disclosed embodiments. At step 570, 
processing unit 110 may construct an initial vehicle path 
associated with vehicle 200. The vehicle path may be 

represented using a set of points expressed in coordi­

nates (x, z), and the distance d; between two points in 
the set of points may fall in the range of 1 to 5 meters. In 
one embodiment, processing unit 110 may construct the 

initial vehicle path using two polynomials, such as left 
and right road polynomials. Processing unit 110 may cal­

culate the geometric midpoint between the two polyno­
mials and offset each point included in the resultant ve­
hicle path by a predetermined offset (e.g., a smart lane 
offset), if any (an offset of zero may correspond to travel 
in the middle of a lane). The offset may be in a direction 
perpendicular to a segment between any two points in 

[0093] At step 576, processing unit 110 may determine 

a heading error and yaw rate command based on the 
look-ahead point determined at step 57 4. Processing unit 
110 may determine the heading error by calculating the 

5 arctangent of the look-ahead point, e.g., arctan (xrfzj). 
Processing unit 110 may determine the yaw rate com­
mand as the product of the heading error and a high-level 

control gain. The high-level control gain may be equal to: 
(2 / look-ahead time), if the look-ahead distance is not at 

10 the lower bound. Otherwise, the high-level control gain 
may be equal to: (2 * speed of vehicle 200 / look-ahead 
distance). 

15 

[0094] FIG. 5F is a flowchart showing an exemplary 

process 500F for determining whether a leading vehicle 
is changing lanes, consistent with the disclosed embod­
iments. At step 580, processing unit 110 may determine 
navigation information associated with a leading vehicle 
(e.g., a vehicle traveling ahead of vehicle 200). For ex-

the vehicle path. In another embodiment, processing unit 20 

110 may use one polynomial and an estimated lane width 

ample, processing unit 110 may determine the position, 

velocity (e.g., direction and speed), and/or acceleration 
of the leading vehicle, using the techniques described in 

to offset each point of the vehicle path by half the esti­
mated lane width plus a predetermined offset (e.g., a 
smart lane offset). 

connection with FIGS. 5A and 5B, above. Processing 
unit 110 may also determine one or more road polyno­

mials, a look-ahead point (associated with vehicle 200), 
[0091] At step 572, processing unit 110 may update 25 

the vehicle path constructed at step 570. Processing unit 
and/or a snail trail (e.g., a set of points describing a path 
taken by the leading vehicle), using the techniques de­
scribed in connection with FIG. 5E, above. 110 may reconstruct the vehicle path constructed at step 

570 using a higher resolution, such that the distance dk 
between two points in the set of points representing the 
vehicle path is less than the distance d;described above. 

For example, the distance dk may fall in the range of 0. 1 
to 0.3 meters. Processing unit 110 may reconstruct the 
vehicle path using a parabolic spline algorithm, which 
may yield a cumulative distance vector S corresponding 
to the total length of the vehicle path (i.e., based on the 

set of points representing the vehicle path). 

[0092] At step 574, processing unit 110 may determine 
a look-ahead point (expressed in coordinates as (x1, zI)) 
based on the updated vehicle path constructed at step 
572. Processing unit 11 0 may extract the look-ahead 
point from the cumulative distance vector S, and the look­
ahead point may be associated with a look-ahead dis­

tance and look-ahead time. The look-ahead distance, 
which may have a lower bound ranging from 10 to 20 

meters, may be calculated as the product of the speed 
of vehicle 200 and the look-ahead time. For example, as 
the speed of vehicle 200 decreases, the look-ahead dis­

tance may also decrease (e.g., until it reaches the lower 

bound). The look-ahead time, which may range from 0.5 
to 1.5 seconds, may be inversely proportional to the gain 
of one or more control loops associated with causing a 
navigational response in vehicle 200, such as the head-
ing error tracking control loop. For example, the gain of 
the heading error tracking control loop may depend on 

[0095] At step 582, processing unit 110 may analyze 
the navigation information determined at step 580. In one 

30 embodiment, processing unit 110 may calculate the dis-

lance between a snail trail and a road polynomial (e.g., 
along the trail). If the variance of this distance along the 

trail exceeds a predetermined threshold (for example, 
0.1 to 0.2 meters on a straight road, 0.3 to 0.4 meters on 

35 a moderately curvy road, and 0.5 to 0.6 meters on a road 

with sharp curves), processing unit 110 may determine 

that the leading vehicle is likely changing lanes. In the 
case where multiple vehicles are detected traveling 
ahead of vehicle 200, processing unit 110 may compare 

40 the snail trails associated with each vehicle. Based on 

the comparison, processing unit 110 may determine that 
a vehicle whose snail trail does not match with the snail 

trails of the other vehicles is likely changing lanes. 
Processing unit 110 may additionally compare the cur-

45 vature of the snail trail (associated with the leading ve­
hicle) with the expected curvature of the road segment 
in which the leading vehicle is traveling. The expected 

curvature may be extracted from map data (e.g., data 

from map database 160), from road polynomials, from 
50 other vehicles' snail trails, from prior knowledge about 

the road, and the like. If the difference in curvature of the 

the bandwidth of a yaw rate loop, a steering actuator 55 

loop, car lateral dynamics, and the like. Thus, the higher 

snail trail and the expected curvature of the road segment 
exceeds a predetermined threshold. processing unit 110 
may determine that the leading vehicle is likely changing 

lanes. 
[0096] In another embodiment, processing unit 110 
may compare the leading vehicle's instantaneous posi­
tion with the look-ahead point (associated with vehicle 

the gain of the heading error tracking control loop, the 
lower the look-ahead time. 
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200) over a specific period of time (e.g., 0.5 to 1.5 sec­
onds). If the distance between the leading vehicle's in­
stantaneous position and the look-ahead point varies 
during the specific period of time, and the cumulative sum 
of variation exceeds a predetermined threshold (for ex­
ample, 0.3 to 0.4 meters on a straight road, 0. 7 to 0.8 
meters on a moderately curvy road, and 1.3 to 1. 7 meters 
on a road with sharp curves), processing unit 110 may 
determine that the leading vehicle is likely changing 
lanes. In another embodiment, processing unit 110 may 
analyze the geometry of the snail trail by comparing the 
lateral distance traveled along the trail with the expected 
curvature of the snail trail. The expected radius of curva­
ture may be determined according to the calculation: (8/ 
+ 8/) I 2 I (8x), where 8x represents the lateral distance 
traveled and 8z represents the longitudinal distance 
traveled. If the difference between the lateral distance 
traveled and the expected curvature exceeds a prede­
termined threshold (e.g., 500 to 700 meters), processing 
unit 110 may determine that the leading vehicle is likely 
changing lanes. In another embodiment, processing unit 
110 may analyze the position of the leading vehicle. If 
the position of the leading vehicle obscures a road poly­
nomial (e.g., the leading vehicle is overlaid on top of the 

road polynomial), then processing unit 1 10 may deter­
mine that the leading vehicle is likely changing lanes. In 
the case where the position of the leading vehicle is such 
that, another vehicle is detected ahead of the leading 
vehicle and the snail trails of the two vehicles are not 
parallel, processing unit 110 may determine that the 
(closer) leading vehicle is likely changing lanes. 
[0097] At step 584, processing unit 110 may determine 
whether or not leading vehicle 200 is changing lanes 
based on the analysis performed at step 582. For exam­
ple, processing unit 110 may make the determination 
based on a weighted average of the individual analyses 
performed at step 582. Under such a scheme, for exam-
ple, a decision by processing unit 110 that the leading 
vehicle is likely changing lanes based on a particular type 

images via two or more data interfaces. The disclosed 
embodiments are not limited to any particular data inter­
face configurations or protocols. 
[0099] At step 620, processing unit 110 may execute 

5 stereo image analysis module 404 to perform stereo im­
age analysis of the first and second plurality of images 
to create a 3D map of the road in front of the vehicle and 
detect features within the images, such as lane markings, 
vehicles, pedestrians, road signs, highway exit ramps, 

10 traffic lights, road hazards, and the like. Stereo image 
analysis may be performed in a manner similar to the 
steps described in connection with FIGS. 5A-5D, above. 
For example, processing unit 110 may execute stereo 
image analysis module 404 to detect candidate objects 

15 (e.g., vehicles, pedestrians, road marks, traffic lights, 
road hazards, etc.) within the first and second plurality 
of images, filter out a subset of the candidate objects 
based on various criteria, and perform multi-frame anal­
ysis, construct measurements, and determine a confi-

20 dence level for the remaining candidate objects. In per­
forming the steps above, processing unit 110 may con­
sider information from both the first and second plurality 
of images, rather than information from one set of images 
alone. For example, processing unit 110 may analyze 

25 the differences in pixel-level data (or other data subsets 
from among the two streams of captured images) for a 
candidate object appearing in both the first and second 
plurality of images. As another example, processing unit 
110 may estimate a position and/or velocity of a candi-

30 date object (e.g., relative to vehicle 200) by observing 

that the object appears in one of the plurality of images 
but not the other or relative to other differences that may 
exist relative to objects appearing if the two image 
streams. For example, position, velocity, and/or acceler-

35 ation relative to vehicle 200 may be determined based 
on trajectories, positions, movement characteristics, etc. 
of features associated with an object appearing in one 
or both of the image streams. 

of analysis may be assigned a value of "1 "(and "0" to 40 

represent a determination that the leading vehicle is not 
likely changing lanes). Different analyses performed at 

[0100] At step 630, processing unit 110 may execute 
navigational response module 408 to cause one or more 
navigational responses in vehicle 200 based on the anal-
ysis performed at step 620 and the techniques as de­
scribed above in connection with FIG. 4. Navigational 
responses may include, for example, a turn, a lane shift, 

step 582 may be assigned different weights, and the dis­
closed embodiments are not limited to any particular 
combination of analyses and weights. 
[0098] FIG. 6 is a flowchart showing an exemplary 
process 600 for causing one or more navigational re­
sponses based on stereo image analysis, consistent with 
disclosed embodiments. At step 610, processing unit 110 

45 a change in acceleration, a change in velocity, braking, 
and the like. In some embodiments, processing unit 110 

may receive a first and second plurality of images via 50 

data interface 128. For example, cameras included in 
image acquisition unit 120 (such as image capture de­
vices 122 and 124 having fields of view 202 and 204) 
may capture a first and second plurality of images of an 
area forward of vehicle 200 and transmit them over a 55 

digital connection (e.g., USB, wireless, Bluetooth, etc.) 
to processing unit 110. In some embodiments, process-
ing unit 110 may receive the first and second plurality of 

16 

may use data derived from execution of velocity and ac­
celeration module 406 to cause the one or more naviga­

tional responses. Additionally, multiple navigational re­
sponses may occur simultaneously, in sequence, or any 
combination thereof. 
[0101] FIG. 7 is a flowchart showing an exemplary 
process 700 for causing one or more navigational re­
sponses based on an analysis of three sets of images, 
consistent with disclosed embodiments. At step 710, 
processing unit 110 may receive a first, second, and third 
plurality of images via data interface 128. For instance, 
cameras included in image acquisition unit 120 (such as 
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image capture devices 122, 124, and 126 having fields 

of view 202, 204, and 206) may capture a first, second, 
and third plurality of images of an area forward and/or to 
the side of vehicle 200 and transmit them over a digital 
connection (e.g., USB, wireless, Bluetooth, etc.) to 
processing unit 110. In some embodiments, processing 
unit 110 may receive the first, second, and third plurality 

of images via three or more data interfaces. For example. 
each of image capture devices 122, 124, 126 may have 
an associated data interface for communicating data to 
processing unit 110. The disclosed embodiments are not 
limited to any particular data interface configurations or 

protocols. 

[0102] At step 720, processing unit 110 may analyze 
the first, second, and third plurality of images to detect 
features within the images, such as lane markings, ve­
hicles, pedestrians, road signs, highway exit ramps, traf­
fic lights. road hazards, and the like. The analysis may 
be performed in a manner similar to the steps described 

or more navigational responses in vehicle 200 based on 

information derived from two of the first, second, and third 
plurality of images. Selection of two of the first, second, 
and third plurality of images may depend on various fac-

5 tors, such as. for example, the number, types, and sizes 
of objects detected in each of the plurality of images. 
Processing unit 110 may also make the selection based 

on image quality and resolution, the effective field of view 

reflected in the images, the number of captured frames, 
10 the extent to which one or more objects of interest actually 

appear in the frames (e.g., the percentage of frames in 

which an object appears, the proportion of the object that 
appears in each such frame, etc.), and the like. 

[0106] In some embodiments, processing unit 110 may 
15 select information derived from two of the first, second, 

and third plurality of images by determining the extent to 
which information derived from one image source is con­
sistent with information derived from other image sourc-

in connection with FIGS. 5A-5D and 6, above. For in- 20 

es. For example, processing unit 110 may combine the 

processed information derived from each of image cap­

ture devices 122, 124, and 126 (whether by monocular stance, processing unit 110 may perform monocular im­
age analysis (e.g., via execution of monocular image 
analysis module 402 and based on the steps described 

in connection with FIGS. 5A-5D, above) on each of the 

first, second, and third plurality of images. Alternatively, 
processing unit 110 may perform stereo image analysis 
(e.g., via execution of stereo image analysis module 404 
and based on the steps described in connection with 
[0103] FIG. 6, above) on the first and second plurality 

analysis, stereo analysis, or any combination of the two) 
and determine visual indicators (e.g., lane markings, a 

detected vehicle and its location and/or path, a detected 
25 traffic light, etc.) that are consistent across the images 

captured from each of image capture devices 122, 124, 
and 126. Processing unit 110 may also exclude informa­
tion that is inconsistent across the captured images (e.g., 

of images. the second and third plurality of images, and/or 30 
a vehicle changing lanes, a lane model indicating a ve­
hicle that is too close to vehicle 200, etc.). Thus, process­

ing unit 110 may select information derived from two of the first and third plurality of images. The processed in­
formation corresponding to the analysis of the first, sec­
ond, and/or third plurality of images may be combined. 
In some embodiments, processing unit 110 may perform 
a combination of monocular and stereo image analyses. 35 
For example, processing unit 110 may perform monoc­

ular image analysis (e.g., via execution of monocular im­
age analysis module 402) on the first plurality of images 

the first, second, and third plurality of images based on 
the determinations of consistent and inconsistent infor­

mation. 
[0107] Navigational responses may include, for exam­

ple, a turn, a lane shift, a change in acceleration, and the 

like. Processing unit 110 may cause the one or more 
navigational responses based on the analysis performed 
at step 720 and the techniques as described above in and stereo image analysis (e.g., via execution of stereo 

image analysis module 404) on the second and third plu­
rality of images. The configuration of image capture de­
vices 122, 124, and 126-including their respective loca­

tions and fields of view 202, 204, and 206-may influence 

40 connection with FIG. 4. Processing unit 110 may also 

the types of analyses conducted on the first, second. and 
third plurality of images. The disclosed embodiments are 45 

not limited to a particular configuration of image capture 

devices 122, 124, and 126, or the types of analyses con­
ducted on the first, second, and third plurality of images. 

[0104] In some embodiments, processing unit 110 may 
perform testing on system 100 based on the images ac- so 
quired and analyzed at steps 710 and 720. Such testing 

use data derived from execution of velocity and acceler­
ation module 406 to cause the one or more navigational 

responses. In some embodiments, processing unit 110 
may cause the one or more navigational responses 

based on a relative position, relative velocity, and/or rel­
ative acceleration between vehicle 200 and an object de­

tected within any of the first, second, and third plurality 
of images. Multiple navigational responses may occur 

simultaneously, in sequence, or any combination thereof. 

Object Detecting and Braking System 

[0108] In some embodiments, vehicle 200 may include 
an object detecting and braking system configured to de-

may provide an indicator of the overall performance of 
system 100 for certain configurations of image capture 
devices 122. 124. and 126. For example, processing unit 

110 may determine the proportion of "false hits" (e.g., 
cases where system 100 incorrectly determined the pres­
ence of a vehicle or pedestrian) and "misses." 
[0105] At step 730, processing unit 110 may cause one 

55 tect an object in front of vehicle 200 and cause vehicle 

200 to brake. e.g., using braking system 230, based on 
the detection of the object. For example, the object de­
tecting and braking system may cause vehicle 200 to 
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brake automatically, or autonomously, without or with lim­

ited driver intervention. The automatic or autonomous 
object detecting and braking system may or may not allow 
a driver to intervene to take over control of braking system 
230. 
[0109] The object detecting and braking system may 
include a plurality of other systems discussed above. For 

example, the object detecting and braking system may 
include system 100, braking system 230, and one or more 

of image capture devices 122, 124, and 126. The one or 
more of image capture devices 122, 124. and 126 may 
acquire one or more images of an environment or an area 

in front of vehicle 200, which may include an object, such 

as another vehicle, a pedestrian, a road surface, etc. 
Processing unit 110 may process the images based on 
at least two independent analyses to determine at least 
two times-to-collision (TTCs) of vehicle 200 with the ob-
ject. In some embodiments, the two TTCs of vehicle 200 
with the object may be determined separately and inde­

pendently of each other. A "time-to-collision" (TTC) may 
also be referred to as a "time-to-contact." The time-to­

collision is an estimated time that would lapse before 
vehicle 200 collides with another object. Processing unit 
110 may determine that a difference between the two 

times-to-collision does not exceed a predetermined 

threshold. Based on this determination, processing unit 
110 may cause vehicle 200 to brake using, e.g., braking 
system 230. The automatic or autonomous braking may 
assist the driver to avoid collision with the object in front 

[0111] In some embodiments, the structure (or optical 

flow) based analysis may serve to validate a result of a 
texture based analysis. For example, the texture based 
analysis may be performed on a plurality of images (e.g., 

5 at least two images), and the structure based analysis 

may be performed based on the same two or more im­
ages used in the texture based analysis after the texture 

based analysis is performed. In such embodiments, the 
structure based analysis may validate a result of the tex-

10 lure based analysis. In some embodiments, the texture 
based analysis may be performed after the structure 

based analysis has been performed, and may validate a 
result of the structure based analysis. 

[0112] In some embodiments, the texture based anal-
15 ysis may use a first group of at least two images, and the 

structure based analysis may use a second group of at 
least two images. The first group and the second group 
may be the same or different. In some embodiments, the 
first group of at least two images may be selected from 

20 odd numbered images among a plurality of images ac­
quired by at least one of image capture devices 122-126, 
and the second group of at least two images may be 
selected from even numbered images among the same 
plurality of images acquired by at least of image capture 

25 devices 122-126. 
[0113] In some embodiments, the first group of at least 
two images may be selected from a plurality of images 
that are acquired at a first time interval and the second 

of vehicle 200, thereby improving driving safety. By caus- 30 
group of at least two images may be selected from the 
same plurality of images that are acquired at a second 

time interval, which may be different from the first time ing vehicle 200 to brake when the difference between 
the two TT Cs does not exceed the predetermined thresh­
old, false braking may be prevented or reduced. 

[011 OJ In some embodiments, the object detecting and 
braking system may use two independent channels of 35 
information inherent to monocular video sensing. The 
first channel of information may be referred to as a "tex­
ture" or "appearance information" channel. System 100 

interval. In some embodiments, a first image capture de­
vice (or a first image sensor) may be designated for cap­
turing images for the texture based analysis, and a sec­
ond image capture device (or a second image sensor) 

may be designated for capturing images for structure 

based analysis. 
[0114] The texture based analysis and the structure 
based analysis may complement each other, and the may perform an analysis based on the texture or appear­

ance information. In this channel, system 100 may per­
form pattern recognition over the pixels intensities in each 
image separately among different images (e.g., two se­

quential images or frames). System 100 may estimate 
the change of a footprint size (e.g., a dimension length 

40 combination of their results that may be used by process­

ing unit 110 to make a braking decision. For example, 
the texture based analysis may result in a first estimate 

of time-to-collision, and the structure based analysis may 
also result in a second estimate of the time-to-collision. 

of a feature of an object in the image) by comparing image 45 

data of the two sequential images. The second channel 
of information may be referred to as a "structural" or "op-

tical flow information" channel. System 100 may perform 

an analysis based on the structural or optical flow infor­
mation. For example, system 100 may process two or 50 

more images (e.g., sequentially acquired images or 
frames) to obtain an optical flow field. The optical flow 
field may provide information regarding the movement 
of trackable textures between the two or more images or 
frames. The analysis of the optical flow field may indicate 55 

a low time-to-collision upright object in the images. The 
two analyses may also be referred to as two modalities, 

methods, or models. 

18 

Processing unit 110 may cause braking system 230 to 

brake vehicle 200 when the difference between the first 
and second estimates is smaller than a threshold. One 
of the texture based analysis and the structure based 

analysis may provide a redundancy for the other, thereby 
improve accuracy of braking, for example, autonomous 
braking in emergency driving situation, by preventing or 
reducing the occurrence of false braking. 
[0115] In some embodiments, when the structure 
based analysis serves as a validator of the texture based 

analysis, the texture based analysis may detect an object 
(e.g., a car or a pedestrian) in front of vehicle 200, and 
may determine that the time-to-collision is low (e.g., lower 
than a predetermined threshold). The texture based anal-
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ysis may reach this determination by calculating the time­

to-collision based on a change of a footprint size through 

200. As shown in FIG. 8, in some embodiments, vehicle 

800 may be traveling in a direction that is parallel to a 
traveling direction of vehicle 200. A parallel direction may 
include a situation in which vehicle 800 is traveling in the 

time in at least two sequentially acquired images. This 
determination from the texture based analysis may then 
trigger the structure based analysis. In some embodi­
ments, a determination that the time-to-collision is low 
from the texture based analysis may serve as a precon­

dition for releasing a braking decision (e.g., an autono­
mous emergency braking decision) to vehicle systems. 
In some embodiments, braking (e.g., autonomous emer­
gency braking) may not be performed until the structure 
based analysis confirms the determination made via the 

texture based analysis. 

5 same direction as and in alignment or substantially in 

alignment with vehicle 200 (e.g., vehicle 800 traveling in 
front of vehicle 200), as shown in FIG. 8. A parallel di­

rection may also include a situation in which vehicle 800 
is traveling in an opposite direction relative to vehicle 200 

10 and in alignment with vehicle 200 (e.g., vehicle 800 mov­
ing toward vehicle 200 in a direction that is 180 degrees, 
or substantially 180 degrees, opposite to the traveling 

direction of vehicle 200). A parallel direction may also 

include a situation in which vehicle 800 is not traveling [0116] In some embodiments, system 100 may require 
that the estimated time-to-collision (TTC) determined by 
the structure based analysis is identical to or substantially 
identical to (up to an error tolerance) to the estimated 
time-to-collision (TTC) determined by the texture based 
analysis. For example, as discussed below, processing 

unit 10 may determine that a difference between the two 
TTCs determined by the texture based analysis and the 
structure based analysis does not exceed a predeter­

mined threshold, which may be the error tolerance. In 
some embodiments, system 100 may take into account 

15 in alignment with vehicle 200, but is traveling in a direction 

parallel to the traveling direction of vehicle 200 (e.g., ve­
hicle 800 traveling on a front side of vehicle 200 at an 
offset distance). 
[0119] In some embodiments, the object may be a pe-

20 destrian who may be standing in the road, or walking or 

the divergence of the object's focus of expansion from 
that of the static environment. If the focus of expansion 
of the object diverges (e.g., moves) away from the focus 
of expansion of the static environment, this may be a 
strong indication that the object is a low TTC upright ob-

25 

ject. An example is discussed in greater detail with re- 30 

spectto FIGS. 15A and 15B. This requirement is optional 
because it may only apply in the case where the target 
object has a velocity component that is perpendicular to 

running across the road. The area included in the images 

may include other objects, such as a road surface, a 
house, a wall, a sign, etc., which may form a static envi­
ronment. When an object is not traveling in a direction 

parallel to the traveling direction of vehicle 200, the 
traveling direction of the object may transverse the 
traveling direction of vehicle 200 with an angle that is 
neither zero ( or substantially zero) nor 180 degrees ( or 
substantially 180 degrees). The images may include both 
moving and/or static objects. 

[0120] Processing unit 110 may communicate with 
braking system 230 and at least one of image capture 

devices 122 and 124. For example, processing unit 110 
the driving direction of vehicle 200 (e.g., target object 
traveling in a direction that is not parallel to the driving 

direction of vehicle 200). 

may receive images from at least one of image capture 
35 devices 122 and 124, and may process the images using 

[0117] In some embodiments, processing unit 110 may 
use certain criteria for deciding whether structure based 
analysis supports texture based analysis in making a 
braking (e.g., autonomous emergency braking) decision. 40 

For example, such criteria may include a requirement 
that the optical flow fits a model of low time-to-collision 

upright object (L TU object), and not an open-road (or an 
open road surface). 
[0118] FIG. 8 is a diagrammatic representation of an 45 

exemplary vehicle 200 including an object detecting and 
braking system (or referred to as an emergency braking 

decisioning system). The object detecting and braking 

system may include system 100 and braking system 230. 
The object detecting and braking system may also in- 50 

elude at least one of image capture devices 122 and 124 
(and 126, which is not shown in FIG. 8). The object de­
tecting and braking system may include processing unit 
110, which may be part of system 100. At least one of 
image capture devices 122 and 124 may acquire one or 55 

a plurality of images of an area including an object in front 
of vehicle 200. The object may be another vehicle, such 
as a vehicle 800 that may be traveling in front of vehicle 

19 

various methods or modalities to detect one or more 
times-to-collision of vehicle 200 with object 800. Although 

two image capture devices 122 and 124 are shown in 
FIG. 8, the use of additional image capture devices (e.g., 
3, 4, 5, etc., image capture devices) is consistent with 
the disclosed embodiments. 
[0121] FIG. 9 is a diagrammatic representation of an 

exemplary vehicle 200 including an object detecting and 
braking system that may be configured to detect an object 
not traveling in a direction parallel to the traveling direc­
tion of vehicle 200. The object may be a vehicle 900 or 
a pedestrian (not shown). The object detecting and brak­
ing system may detect vehicle 900 traveling toward ve­

hicle 200 based on one or more images acquired by at 
least one of image capture devices 122 and 124. In ad­
dition, the object detecting and braking system may de­
termine at least two times-to-collision of vehicle 200 with 
vehicle 900 based on the at least one or more images. 
When a difference between the at least two times-to­

collision does not exceed the predetermined threshold, 
processing unit 110 may cause vehicle 200 to brake in 

order to prevent collision with vehicle 900. 
[0122] FIG. 10 is an exemplary block diagram of mem-
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ory 140 or 150 that may store instructions for performing 

one or more operations for detecting an object in front of 
vehicle 200 and causing vehicle 200 to brake based on 
the detection. As shown in FIG. 10, memory 140 or 150 
may store one or more modules for performing the op­
erations, as described herein. For example, memory 140 
or 150 may store a first image analysis module 1002, a 

second image analysis module 1003, and a braking mod­
ule 1004. Application processor 180 and/or image proc­
essor 190 may execute the instructions stored in any of 
modules 1002-1004 included in memory 140 or 150. One 

of skill in the art will understand that references in the 
following discussions to processing unit 110 may refer 

to application processor 180 and image processor 190 
individually or collectively. Accordingly, steps of any of 
the following processes may be performed by one or 
more processing devices. 
[0123] First image analysis module 1002 may store in­
structions which, when executed by processing unit 110, 

an area in front of vehicle 200. The area may include an 

object, such as another vehicle or a pedestrian. The area 
may include other static objects, such as a sign, a house, 
a mountain, a road surface, etc., which may form a static 

5 environment. 

[0127] Method 1100 may include performing the first 
image analysis based on at least a first image and a sec­

ond image to generate a first time-to-collision (TTC1) 
(step 1120). For example, processing unit 110 may per-

10 form the first image analysis based on at least the first 
image and the second image. More than two images may 
be used in the first image analysis to generate TTC 1. In 

some embodiments, the first image analysis may include 

an appearance based detection method. The appear-
15 ance based detection may detect TTC1 based on a 

change in appearance (e.g., a change in size) of an object 
in the first image and the second image. The appearance 
based detection technique is further discussed below in 
connection with FIG. 12. 

may perform a first image analysis to calculate or gen- 20 

erate a first estimated time-to-collision (TTC1) of vehicle 
[0128] FIG. 12 is a flowchart showing an exemplary 
first image analysis 1200 for determining the first esti­
mated time-to-collision (TTC1). The first image analysis 
1200 may include the appearance or texture based de­
tection method (hence, the first image analysis may be 

200 with an object (e.g., vehicle 800 or 900). First image 
analysis module 1002 may process at least two images 
acquired by at least one of image capture devices 122 

and 124 using, for example, an appearance based de- 25 

tection method, which may calculate TTC1 based on a 
change in the appearance (e.g., a size) of the object in 
the at least two images. An exemplary first image analysis 

referred to as the texture based analysis or textural anal­

ysis). The appearance based detection method may in­
clude determining a change in the appearance of an ob­
ject or a feature of the object in at least two images (e.g., 

is discussed below in greater detail with respect to FIG. 
12. 

the first image and the second image), and may calculate 
30 TTC1 based on the change in the appearance. In some 

[0124] Second image analysis module 1002 may store 
instructions which, when executed by processing unit 
110, may perform a second image analysis to calculate 

embodiments, the change in the appearance may be a 
change in a size of the object ( or the feature of the object). 
[0129] In the exemplary first image analysis 1200 
shown in FIG. 12, processing unit 110 may determine a or generate a second estimated time-to-collision (TTC2) 

of vehicle 200 with the object (e.g., vehicle 800 or 900). 

Second image analysis module 1003 may process at 

least two images acquired by at least one of image cap-

35 first size of an object ( or a feature of the object) appearing 

in the first image (step 1210). Processing unit 110 may 

ture devices 122 and 124 using, for example, an optical 
flow based method, which may calculate TTC2 based on 
optical flow information derived from the at least two im- 40 

ages. An exemplary second image analysis is discussed 
below in greater detail with respect to FIG. 13. 

[0125] Braking module 1004 may store instructions 
which, when executed by processing unit 110, may cause 
vehicle 200 to brake using braking system 230. For ex- 45 

ample, when processing unit 110 determines that a dif­

ference between TTC1 and TTC2 does not exceed the 
predetermined threshold, braking module 1004 may 

cause braking system 230 to apply braking to reduce the 
speed of vehicle 200 or stop vehicle 200, thereby pre- so 
venting collision with the object. 
[0126] FIG. 11 is a flowchart showing an exemplary 
process or method 1100 for detecting an object in front 

determine a second size of the object (or the feature of 
the object) appearing in the second image (step 1220). 
The second size may be larger than the first size as ve­
hicle 200 approaches the object. Processing unit 110 
may determine the first size and the second size based 
on the dimensions (e.g., pixel sizes) of the object appear­

ing in the first image and the second image. Processing 
unit 110 may determine a change in size (or relative 
scale) of the object (or the feature of the object) (step 
1230). For example, processing unit 110 may subtract 
the first size from the second size to determine a differ­

ence in size. In some embodiments, processing unit 110 
may divide the difference in size by the first size to de­

termine a relative difference in size. The change in size 
(or relative scale) may refer to the relative difference in 
size, which may be a percentage. Processing unit 110 
may determine TTC1 based on the change in size and 
a first predetermined time interval between times of ac-of vehicle 200 and causing vehicle 200 to brake based 

on the detection_ Method 1100 may include acquiring a 

plurality of images of an area in front of vehicle 200 (step 
1 1 10). For example, at least one of image capture de­
vices 122 and 124 may acquire one or more images of 

55 quisition of the first image and the second image (step 

1240). The first predetermined time interval may depend 
on settings of the camera (e.g., the camera included in 
the first image capture device 122) that acquires the first 
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image and the second image, and may be known once 

the camera settings are fixed. The first predetermined 

time-to-collision (TTC2) based on the rate of expansion 

and a second predetermined time interval. The second 
predetermined time interval may be the difference be­
tween times of acquisition of the third image and the 

time interval may be any suitable interval, such as, for 
example, 0.05 second, 0.1 second, 0.2 second, etc. For 
example, the first predetermined time interval may be 
represented by dt1. the relative change in size may be 
represented by SO, and processing unit 110 may calcu-

5 fourth image. The second predetermined time interval 

dt2 may depend on the settings (e.g., the frame rate) of 

late TTC1 from TTC1 = dt1 / SO. 

the camera, and may or may not be the same as the first 

predetermined time interval used in the first image anal­
ysis. The second predetermined time interval may be any [0130] Referring back to FIG. 11, method 1100 may 

include performing a second image analysis based on at 
least a third image and a fourth image to generate a sec­
ond estimated time-to-collision (TTC2) (step 1130). For 

example, processing unit 110 may derive optical flow in­

formation from the third image and the fourth image, and 

10 suitable interval, such as, for example, 0.05 second, 0.1 

second. 0.2 second. etc. In some embodiments, TTC2 

may calculate TTC2 based on the optical flow informa- 15 

lion. The second image analysis may be referred to as 
the structure based analysis or structural analysis. In 
some embodiments, more than two images may be used 
in the second image analysis to derive the optical flow 

information. 20 

may be inversely proportional to the rate of expansion 

d/r, and may be directly proportional to the second pre­

determined time interval dt2. For example, processing 
unit 110 may calculate TTC2 from TTC2 = dt2 / (d/r). 
[0134] The first image analysis 1200 and second im­
age analysis 1300 shown in FIGS. 12 and 13 may be 
performed independently and separately. The first image 
and second image used in the first image analysis 1200 

may be the same as or different from the third image and 
fourth image used in the second image analysis 1300. 
In some embodiments, the first image may be the same 
as the third image, and the second image may be the 

[0131] FIG. 13 is a flowchart showing an exemplary 
second image analysis 1300 for determining the second 
estimated time-to-collision (TTC2). The second image 
analysis 1300 may include obtaining or deriving an opti-

cal flow field from at least the third image and the fourth 
image (step 1310). In some embodiments, processing 
unit 110 may derive the optical flow field from the third 
image and the fourth image, and/or additional images 
acquired by at least one of image capture devices 122 
and 124. The optical flow field may be a vector field in 

which each point may be represented by a vector show­
ing a magnitude and a direction of movement from a first 

point in, e.g., the third image, to a corresponding second 
point in, e.g., the fourth image. 

same as the fourth image. In some embodiments, the 
25 first image may be different from the third image, and the 

second image may be different from the fourth image. In 
some embodiments, images of alternating sequences 
may be used for the first and second analyses. For ex­
ample, from the same set of images, odd numbered im-

30 ages may be used for the first image analysis, and even 

numbered images may be used for the second image 
analysis. In some embodiments, at least one image cap­
ture device (e.g., image capture device 122) may be con­
figured to capture images (e.g., the first and second im-

[0132] As shown in FIG. 13, the second image analysis 

1300 may include determining a focus of expansion 

based on the optical flow field (step 1320). The focus of 
expansion may be a converging point of vectors in the 
optical flow field, which is discussed below in greater de-

35 ages) for use in the first image analysis to generate the 

tail with respect to FIG. 16. The second image analysis 40 

1300 may also include determining a rate of expansion 
relative to the focus of expansion for each point in the 

optical flow field (step 1330). For example, for each point 

first estimated time-to-collision. At least one other image 

capture device (e.g., image capture device 124) may be 
configured to capture images (e.g., the third and fourth 
images) for use in the second image analysis to generate 
the second estimated time-to-collision. In some embod-
iments. when at least one image capture device is used 
for capturing a plurality of images for the first image anal­

ysis and the second image analysis, the at least one im­
age capture device may include a first image sensor con-in the optical flow field, processing unit 110 may calculate 

the rate of expansion based on a magnitude of movement 

of the point, and a distance from the point to the focus of 
expansion. For example, the magnitude of movement of 

45 figured to capture images (e.g., the first and second im-

any point may be represented by d, the distance from 

the point to the focus of expansion may be represented 
by r, and processing unit 110 may calculate the rate of 50 

expansion from Rexp = d / r. For each point in the optical 
flow field, the magnitude of movement r may be calcu­
lated from the magnitude of the vector associated with 
that point. The magnitude of movement r may indicate 
how much a first point in, e.g., the third image, has moved 55 

to reach a second point in, e.g., the fourth image. 
[0133] As shown in FIG. 13, the second image analysis 
1300 may include determining the second estimated 

21 

ages) for use in the first image analysis, and a second 
image sensor that is separate and independent of the 

first image sensor configured to capture images (e.g., 

the third and fourth images) for use in the second image 
analysis. 
[0135] Referring back to FIG. 11, method 1100 may 
include calculating a difference between the first estimat­
ed time-to-collision (TTC 1) and the second estimated 
time-to-collision (TTC2) (step 1140). In some embodi­

ments, processing unit 110 may subtract TTC1 from 
TTC2 to result in a difference. Processing unit 110 may 
determine whether the difference exceed a predeter­
mined threshold (step 1150). The predetermined thresh-
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old may be any suitable threshold, such as, for example, 

0.05second, 0.1 second, 0.2second, etc. When process-
ing unit 110 determines that the difference exceeds the 
predetermined threshold (Yes, step 1150), processing 
unit 110 may repeat steps 1110-1150. When processing 
unit 110 determines that the difference does not exceed 
the predetermined threshold (No, step 1150), processing 

unit 110 may cause vehicle 20010 brake using. e.g., brak-
ing system 230 (step 1160). 
[0136] FIGS. 14A-14C show an image with an optical 
flow field and a distribution of the second estimated time­
to-collision (TTC2) in the optical flow field. FIG. 14A 

shows an image 1400 showing a vehicle 1410 traveling 

on a road 1420. For illustrative purposes, other objects 
included in image 1400 are not shown. FIG. 14B shows 
an optical flow field 1430 derived based on at least two 
images. For example, optical flow field 1430 may be de­
rived from image 1400 and at least one second image 

[0139] For road surfaces, however, all or most of the 

points may not have the same or substantially the same 
times-to-collision. For example, points in a first portion 
1450 of road 1420 may be associated with one time-to-

5 collision, and points in a second portion 1460 of road 
1420 may be associated with another time-to-collision. 
These times-to-collision may be different, as shown with 

different patterns/shades in FIG. 14C. In some embodi­
ments, there may be a discontinuity between the times-

10 to-collision for the first portion 1450 and second portion 
1460 of road 1420 (e.g., the changes between these 
times-to-collision may not be gradual). Although the first 

and second portions 1450 and 1460 appear as upright 

objects in a single image, the optical flow field generated 
15 from at least two images may reveal additional informa­

tion (e.g., time-to-collision) that may distinguish a true 
upright object (which may or may not be moving) and a 
road surface, which is not upright. This aspect is further 

(not shown) of vehicle 1410 acquired at the second pre­

determined time interval dt2 apart from the time when 20 

image 1400 was acquired. A plurality of image points 

discussed with respect to FIGS. 17A-18B. 

[0140] As shown in FIG. 14C, points in regions 1470, 
1480, and 1490 may be associated with different times-

may be selected in the image 1400 or the at least one 
second image, and vectors connecting the correspond-
ing points of these images may be generated by process-

to-collision, as indicated by the different patterns/shading 
shown in the figure. Regions 1470 and 1480 may each 

represent a portion of road 1420, and the change in time-

ing unit 110. The vectors may form optical flow field 1430, 
which is schematically shown in FIG. 14B, as a region 
surrounding vehicle 1410. 
[0137] Although optical flow field 1430 is shown within 

25 to-collision values in regions 14 70 and 1480 and first por­

tion 1450 may be gradual (e.g., continuous). For exam­
ple, region 1490 may represent a portion of the sky, which 
may be associated with a time-to-collision that is different 

a region surrounding vehicle 1410 for illustrative purpos-
es, optical flow field 1430 may be derived for a smaller 30 
region (e.g., focusing on the window of vehicle 1430) or 
a greater region (e.g., the entire area shown in image 
1400). Each point in optical flow field 1430 may be as­
sociated with a vector represented in FIG. 14B by an 
arrow having a length and pointing at a direction. The 35 
length of the arrow may represent a magnitude of the 

vector. For example, the magnitude of the vector may 
indicate a magnitude of movement of a first point in image 
1400 to a second point in the at least one second image. 
The direction of the arrow may indicate the direction of 40 

movement between each pair of corresponding points in 
these two images. 

[0138] After performing the second image analysis 
1300 discussed above, processing unit 110 may deter­
mine the second estimated time-to-collision (TTC2) for 45 

each point in the optical flow field 1430. FIG. 14C shows 

from those associated with regions 1470 and/or 1480. 
[0141] FIGS. 15A and 15B show exemplary focuses 

of expansion in an optical flow field. FIG. 15A shows an 
object in an image traveling in the same direction ( or sub­
stantially the same direction) as and in alignment (or sub­
stantially in alignment) with vehicle 200 (e.g., in the same 

line of movement in front of vehicle 200, toward or away 
from vehicle 200). As shown in FIG. 15A, a focus of ex-

pansion of the object may overlap completely or substan­
tially with a focus of expansion of the static environment. 
FIG. 15B shows an object not traveling in a direction par­
allel to the traveling direction of vehicle 200, e.g., when 
the object is traveling laterally in a direction that trans-
verses the traveling direction of vehicle 200. As shown 

in FIG. 15B, a focus of expansion of the object may not 

overlap the focus of expansion of the static environment. 
[0142] For example, FIG. 15A shows an environment 

1500 of an area in front of vehicle 200. Consistent with 
disclosed embodiments, an image capture device (e.g., 

one of image capture devices 122-126) may acquire a 

an exemplary distribution of TTC2 over the entire area 

shown in image 1400. As shown in FIG. 14C, points in 

different regions may be associated with different values 
of TTC2. The different patterns and/or shades shown in 
FIG. 14C are shown to schematically illustrate different 
values of TTC2. For a region 1440 substantially focusing 

first image 1510 of environment 1500 that includes an 
50 object located within the first image 1510. The area sur-

on the body of vehicle 1410, all or most of the points 
within region 1440 may be associated with substantially 
the same value of TTC2. In other words, for an upright 55 

moving object like vehicle 1410, all or most of the points 
on that upright object may have the same or substantially 
the same times-to-collision. 

22 

rounding the object may represent a static environment 
(e.g., roads, buildings, mountains, sky, etc.). FIG. 15A 
also shows a second image 1520 that an image capture 
device (e.g., one of image capture devices 122-126) may 

acquire of the object after the second predetermined time 
interval dt2. Image 1520 may be acquired as vehicle 200 
moves toward the object and, therefore, may be larger 
than image 1510, indicating an expansion. 
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[0143] FIG. 15A further shows a focus of expansion 

1530. The focus of expansion 1530 may be a focus of 
expansion of the static environment, as indicated by two 
dashed lines converging to focus of expansion point 
1530. The location of focus of expansion 1530 of the 
static environment may depend on the camera, and may 
not change over time as the camera continuously ac­

quires a plurality of images of the object or area for de­
riving optical flow information. When the object is 
traveling in the same ( or substantially the same) direction 
as and in (or substantially in) alignment with vehicle 200, 

e.g., in front of vehicle 200 and in the same or opposite 
traveling direction as vehicle 200, the focus of expansion 

1530 may also constitute a focus of expansion of the 
object. In other words, the focus of expansion of the ob­
ject traveling in the same direction as and in alignment 
with vehicle 200 may completely or substantially overlap 
(or completely or substantially converge with) the focus 
of expansion of the static environment. Thus, processing 

unit 110 may detect one focus of expansion from the 
optical flow field derived from a plurality of images. FIG. 

15A also shows, for illustrative purpose, the distance r 
from certain points to the focus of expansion. 
[0144] FIG. 15B shows an environment 1540 of an ar-

ea in front of vehicle 200, and a first image 1550 and a 
second image 1560 of an object (the object being includ­
ed in the first image 1550 and second image 1560) ac­
quired by the camera one after another at the second 
predetermined time interval dt2. For example, as vehicle 

vehicle 200, and vehicle 200 is traveling toward vehicle 

1600. Image capture device 122 may sequentially and/or 
continuously acquire a plurality of images of an area in 
front of vehicle 200 as vehicle 200 approaches vehicle 

5 1600. Any two or more images may be selected from the 

plurality of images to derive an optical flow field. In FIG. 
16, the first image is represented by vehicle 1600 shown 

in solid lines, and the second image is represented by 
vehicle 1610 shown in dashed lines. For a plurality of 

10 selected points on the first image, e.g., points (x1, y1 ), 
(x2, y2), and (x3, y3), processing unit 110 may determine 

their corresponding points, e.g., (u 1, v1 ), (u2, v2), and 
(u3, v3) in the second image. Vectors may be determined 

for each pair of points (x1, y1) and (u1, v1 ), (x2, y2) and 
15 (u2, v2), and (x3, y3) and (u3, v3). The vectors may in­

dicate a magnitude and direction of expansion for the 
points in the first image. The length of each vector (rep­
resented by a solid arrow in FIG. 16) may indicate the 
distance or magnitude of movement of from one point in 

20 the first image to a corresponding point in the second 
image, and the direction of the vector may indicate the 
expansion direction or direction of movement. The con­
verging point 1620 of the vectors may represent the focus 

of expansion. In some embodiments, the location of the 
25 converging point 1620 may be calculated using a suitable 

mathematical model based on the coordinates of the vec­
tors. For example, the location of converging point 1620 
may be calculated from: 

200 moves toward the object, the image of the object 30 

may expand, e.g., from image 1550 to image 1560. FIG. (I) 
15B further shows a first focus of expansion 1570 that 
may be calculated from the optical flow field derived from 
image 1550 and image 1560 of the object. For illustrative 

purposes, FIG. 15B shows the distances r from certain 
points to the first focus of expansion 1570. FIG. 15B also 

shows a second focus of expansion 1580, which may be 

35 

Where SS may be a constant, (x;, Y;) may be coordinates 
of the i-th point within a first image, and (u" v;) may be 
coordinates of the corresponding i-th point within the sec­
ond image. FOEx and FOEY may be coordinates repre-

a focus of expansion of the static environment. The lo­
cation of the second focus of expansion 1580 may de­
pend on the camera, and may not change as the camera 
continuously acquires images of the object or area for 
deriving the optical flow information. In the example 

shown in FIG. 15B, the first focus of expansion 1570 may 

40 senting the location of converging point 1620 (i.e., focus 

not overlap the second focus of expansion 1580. The 
detection of two or at least two non-overlapping focuses 45 

of expansion may indicate that there is at least one object 
in the image 1540 that is traveling laterally, e.g., in a 

direction that is not parallel to the traveling direction of 

vehicle 200, or in a direction that transverses the traveling 
direction of vehicle 200 at an angle that is neither zero 50 

(or substantially zero) nor 180 degrees (or substantially 
180 degrees). 
[0145] FIG. 16 shows an exemplary optical flow field 
and a focus of expansion. The following discussion of 
FIG. 16 illustrates how an opticalflowfield may be derived 55 

and how a focus of expansion may be determined. For 
example, vehicle 1600 is an object included in an image 
acquired by, e.g., image capture device 122 installed on 

23 

of expansion). 

[0146] FIGS. 17A and 17B show an image of an object 

and a linear relationship between distances from points 
in an optical flow field to the focus of expansion and mag­

nitudes of movement of the points. FIGS. 17A and 17B 
show that a linear relationship between distances from 
points to the focus of expansion and magnitudes of move­

ment of the points may be used to determine that the 
object is an upright object (e.g., a low time-to-collision 
upright object). 
[0147] FIG. 17A shows an image including an object, 
i.e., a vehicle 1700. The image of vehicle 1700 may in­
clude an image of two car windows 1710 and 1720, which 

appear to be darker in the image of vehicle 1700. A plu­
rality of points 1730 may be selected, most of which may 
be from a region in the image of vehicle 1700. An optical 
flow field may be derived from at least two images of 

vehicle 1700 acquired one after another with the second 
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be selected within region 1850, and at least two images 

including regions corresponding to region 1850 may be 
acquired to derive an optical flow field. Based on the op­
tical flow field having a plurality of vectors, processing 

predetermined time interval dt2. Processing unit 110 may 
determine the magnitudes of movement d and the dis­

tances r from the points to the focus of expansion based 
on the optical flow field. Processing unit 110 may deter­
mine a relationship between the magnitudes d and dis­
tances r. In some embodiments, the relationship may be 
a linear relationship, as shown in FIG. 17B, indicating 

that d/r (e.g., slope of the plotted line) is the same for all 
or substantially all of the points in the optical flow field. 
As discussed above, d/r may be inversely proportional 
to the second estimated time-to-collision (TTC2). Thus, 
a linear relationship between d and r may indicate a con­

stant or substantially constant value of d/r, which in turn 

may indicate a constant or substantially constant TTC2 
for all or substantially all of the points in the optical flow 
field. The constant or same TTC2 may indicate that the 
object within the optical flow field is an upright object, or 
a low time-to-collision upright object. 

5 unit 110 may determine a focus of expansion, the dis­

tances r of the points to the focus of expansion, and the 
magnitudes d of movement of the points included in the 

optical flow field. Processing unit 110 may determine a 
relationship between the distances rand the magnitudes 

10 d. In the situation shown in FIG. 18A, processing unit 110 
may determine that the relationship between the distanc­
es r and the magnitudes d is non-linear. The non-linear 

relationship between the distances rand the magnitudes 
d may indicate that the times-to-collision for the points 

15 are different for different points. This in turn may indicate 

that selected region 1850 includes an image of a road 
surface, rather than an upright object like vehicle 1700 
shown in FIG. 17A. 

[0148] To illustrate the linear relationship between [0150] To illustrate the non-linear relationship between 

magnitudes of movement d and distances r, FIG. 18B 
shows a plot of the vertical components (y components) 
related to the magnitudes d of movement (e.g., the mag­
nitude of movement in they direction, "dy" in FIG. 18B) 
versus vertical components of distances r (e.g., the dis-

magnitudes of movement d and distances r, FIG. 17B 20 

shows a plot of the vertical components (y components) 
related to the magnitudes of movement d (e.g., the mag­
nitude of movement in they direction, "dy" in FIG. 17B) 
versus vertical components of distances r (e.g., the dis­

tance to the focus of expansion in the y direction, "y" in 25 lance to the focus of expansion in they direction, "y" in 

FIG. 18B). Although not shown in FIG. 18B, a plot of the FIG. 17B ). Although not shown in FIG. 17B, a plot of the 
horizontal components, e.g., magnitudes in the x direc-
tion and distances in the x direction, may also indicate a 
linear relationship, which in turn may indicate a constant 
or substantially constant time-to-collision for all or sub- 30 
stantially all of the selected points in the optical flow field_ 

In addition, a plot of distances rand magnitudes d may 

horizontal components, e.g., magnitudes in the x direc­
tion and distances in the x direction, may also indicate a 

nonlinear relationship, and hence, different times-to-col­
lision for the selected points in the optical flow field. In 

addition, a plot of distances rand magnitudes d may also 

indicate a nonlinear relationship, and hence, different 
times-to-collision for the selected points in the optical flow 
field. Here, the image in the region 1850 may appear 

also indicate a linear relationship, which in turn may in­
dicate a constant (or same) or substantially constant (or 
same) time-to-collision for all or substantially all of the 35 similar to the image of vehicle 1700 shown in FIG. 17A 

selected points in the optical flow field. 

[0149] When a non-linear relationship between the 
magnitudes of movement d and the distances r to the 
focus of expansion is detected or determined, the non­
linear relationship may indicate that the second estimat- 40 

ed times-to-collision are different for different points in­
cluded in the optical flow field, which in turn may indicate 

that the image may include a road surface, rather than 
an upright object. As discussed above, the second esti­
mated times-to-collision may be determined based on 45 

the optical flow information derived from at least two im­
ages. FIGS. 18A and 18B show an image of an object 

and a non-linear relationship between distances r from 

points in an optical flow field to the focus of expansion 

in a single image. The optical flow field derived from a 

plurality of images acquired at the second predetermined 
time interval dt2 may reveal additional information, e.g., 
time-to-collision information, about the objects included 
in the selected region. The time-to-collision information 
may be used to determine whether the object is an upright 
object or a road surface. Processing unit 110 may com­

bine this determination with the calculated TTC2 to de­

termine whether or not to cause vehicle 200 to brake. 
[0151] FIG. 19 is a flowchart showing an exemplary 
process 1900 for triggering a warning based on one or 
more probabilities indicating that a time-to-collision is 
smaller than one or more thresholds. Instead of deter­

mining the time-to-collision as discussed above, 
processing unit 110 may determine, based on at least 
two images acquired by one or more image capture de­
vices 122, 124, and 126, a probability that the time-to­
collision is smaller than a predetermined threshold. For 

and magnitudes d of movement of the points. FIG. 18A 50 

shows an image 1800 of a house 1810 having two ga­
rages 1820 and 1830 with garage doors opened, and a 
driveway 1840 (e.g., a road surface) leading up to the 
garages 1820 and 1830. Because the garage doors are 

opened, garages 1820 and 1830 may appear darker on 

example, in process 1900, one or more image capture 
55 devices 122-126 may acquire a plurality of images of an 

area in front of vehicle 200 (step 1910). In some em bod-the image, similar to the car windows 1710 and 1720 
shown in FIG. 17 A A region 1850 of the image may be 
selected for image processing. A plurality of points may 

24 

iments. one image capture device having one camera 
may be used. In some embodiments, two or more image 
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capture devices have two or more cameras may be used. 

For example, one camera may have a 45-degree field of 
view of the area in front of vehicle 200, and another cam­
era may have a 30-degree field of view. 

5 

image is acquired (step 2020). Processing unit 110 may 

determine a scaling factor Sf based on the first dimension 
length and the second dimension length. For example, 
processing unit 110 may calculate Sf based on Sf= y1 / 
y2. In some embodiments, processing unit may track the 
horizontal and vertical coordinates (dx, dy) of the object 
in the first and second image, and may calculate Sf based 

on the coordinates (dx, dy), for example, Sf= dy1 / dy2. 
[0155] Processing unit 110 may determine a time-to-

[0152] In some embodiments, processing unit 110 may 
perform a third image analysis based on at least two im­
ages to determine a first probability (P1) that a time-to­

collision (TTC) is smaller than a first predetermined 
threshold T1 (i.e., TTC<T1) (step 1920). The first prede­
termined threshold T1 may be any suitable value, such 

as, for example, 0.1 second, 0.2 second, 05. second, etc. 
Processing unit 110 may determine a second probability 
(P2) that the time-to-collision (TTC) is smaller than a sec-

10 collision (which may be the first time-to-collision shown 
in FIG. 11) based on the scaling factor and the time in­

terval DT. In some embodiments, processing unit 110 
may calculate TTC 1 from TTC 1 = DT I (Sf-1 ). 

ond predetermined threshold T2 (i.e., TTC < T2) (step 
1930). The second predetermined threshold T2 may be 
any suitable value, such as, for example, 0.1 second, 0.2 
second, 05. second, etc. The second predetermined 
threshold T2 may or may not be the same as the first 
predetermined threshold T1. 

15 

[0153] Processing unit 110 may trigger a warning if the 20 

first probability P1 is greater than a first predetermined 
probability threshold Tpl, or if the second probability P2 
is greater than a second predetermined probability 
threshold Tp2. Tp1 and Tp2 may be any suitable value, 

such as, for example, 0.5, 0.8, 0.9, etc. Tp1 and Tp2 may 25 

or may not be the same. In some embodiments, Tp2 may 
be smaller than Tp1. Processing unit 110 may compare 
the first probability P1 with the first predetermined prob­
ability threshold Tp1 to determine whether the first prob-
ability P1 is greater than the first predetermined proba- 30 

bility threshold Tp1. Processing unit 110 may also com-
pare the second probability P2 with the second prede­
termined probability threshold Tp2 to determine whether 
the second probability P2 is greater than the second pre­
determined probability threshold Tp2. The warning may 35 

include an audio alert, a video alert, a vibrational alert, 

or a combination thereof. The warning may alert the driver 
so that the driver may take suitable navigational action, 

such as applying brakes, steering the wheel, etc. 
[0154] FIG. 20 is a flowchart showing an exemplary 40 

process 2000 for determining the first time-to-collision 
(TTC1) that may be implemented in the first image anal-

ysis shown in FIG. 11. Process 2000 may be used in the 
first image analysis as an alternative texture based TTC 1 
calculation method replacing the process 1200 shown in 45 

FIG. 12. Processing unit 110 may process at least two 
images that are acquired ala predetermined time interval 

DT. Processing unit 110 may determine a first dimension 

length y1 of an object in a first image (step 2010). The 
first dimension length of the object may be a length of a 50 

feature of the object in the vertical direction, horizontal 
direction, or in any direction on the first image. For ex­
ample, when the object is a vehicle, the feature may be 

[0156] Using two, i.e., texture based and structure 
based, sensing modalities, methods, or models, as de­
scribed above, have several benefits or advantages. For 
example, an immediate result of using two modalities in 
a braking decisioning system is a reduction of the prob-
ability of system failure may be achieved, as compared 

to braking decisioning systems using only one of the mo­
dalities (or only one information channel). 
[0157] Another benefit relates to system validation. Us­
ing at least two modalities (or channels of information, or 
two independent and/or separate analyses) enable the 

vehicle to assess the overall system failure rate (e.g., 
mean-time-between-failures or MTBF). The overall sys­
tem failure rate may be determined by assessing each 
modality's failure rate separately (e.g., by assessing the 

failure rate of the texture based analysis and the failure 
rate of the structure based analysis separately). The two 

modalities may be implemented in two sub-systems: a 
textural analysis based sub-system and a structural anal­
ysis based sub-system. The failure rates of the two mo­
dalities may be multiplied. A result of the multiplication 
maybe used as an indicator of or may be used to compute 

the overall system failure rate. In some embodiments, 

the MTBF may be estimated based on the result of the 
multiplication, even if it is significantly higher than the 
extent (in time) of available validation data. 
[0158] For example, in one scenario, a record of only 
1000 hours of data is available, and the combined sys-
tems MTBF is 1000000 hours. In 1/100 hours the texture 

based analysis may trigger a false braking decision. In 
1/10000 of the cases the texture based analysis is check­
ing the hypothesized decision (e.g., the hypothesized de­
cision being a decision to brake because of a low TTC 
upright object in front of vehicle 200). In such cases, the 

texture based analysis may falsely approve the hypoth­

esized decision. By direct assessment of the combined 
system ( or combined analyses of the texture based anal­
ysis and the structure based analysis), vehicle systems 
may only achieve O failure over 1000 hours, and may not 
be able to assess the MTBF. By taking two independent 
channels of information into account in the braking deci-a vertical side of a license plate on the vehicle. Process­

ing unit 110 may determine a second dimension length 
y2 of the same object (or the same feature of the same 
object) in a second image, which may be acquired after 
the first image at a time that is DT after the time the first 

55 sioning for vehicle 200, e.g., using the texture based anal­

ysis and the structure based analysis, a vehicle system 
may be able to assess the failure rate of each sub-system 
(e.g., textural analysis based sub-system and structural 
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analysis based sub-system) separately. Such failure 

rates may be multiplied, and a result of the multiplication 
may be used to assess the MTBF. For example, in some 
embodiments, the textural analysis based sub-system 
may be keep running alone and it may fail 10 times over 5 

1000 hours. If the structural analysis based sub-system 
is falsely provoked 1000000 times, as if, for example, the 

textural analysis based sub-system reached a decision 
that there is a need to issue an autonomous emergency 
braking on an open road, the structural analysis based 
sub-system may fail once in 10000 provocations. Based 

on these observations, processing unit 110 may deduce 
( or determine) that the total system mean-time-between 

failures (MTBFs) is indeed 1000000 hours. This estimate 
may be reached using only 1000 hours of recorded data. 
Thus, by using the disclosed two modalities, system val­
idation may be more efficiently performed based on only 
limited hours of recorded data. 

10 

15 

[0159] FIG. 21 is a flowchart showing an exemplary 

process 2100 for performing system validation using two 20 

ROM, or other forms of RAM or ROM, USB media, DVD, 

Blu-ray, or other optical drive media. 
[0161] Computer programs based on the written de­
scription and disclosed methods are within the skill of an 
experienced developer. The various programs or pro­
gram modules can be created using any of the techniques 
known to one skilled in the art or can be designed in 

connection with existing software. For example, program 
sections or program modules can be designed in or by 

means of .Net Framework, .Net Compact Framework 
(and related languages, such as Visual Basic, C, etc.), 

Java, C++, Objective-C, HTML. HTML/AJAX combina­
tions, XML, or HTML with included Java applets. 

[0162] Moreover, while illustrative embodiments have 
been described herein, the scope of any and all embod­
iments having equivalent elements, modifications, omis­
sions, combinations (e.g., of aspects across various em­
bodiments), adaptations and/or alterations as would be 
appreciated by those skilled in the art based on the 

present disclosure. The limitations in the claims are to 
be interpreted broadly based on the language employed 

in the claims and not limited to examples described in 
the present specification or during the prosecution of the 
application. The examples are to be construed as non-

modalities. Process 2100 summarizes the system vali­
dation discussed above. Processing unit 110 may deter­
mine a first failure rate associated with the textural anal­
ysis based sub-system (step 2110). For example. 

processing unit 110 may determine the first failure rate 
based on the total number of times the textural analysis 
based sub-system makes a false braking decision (e.g., 
falsely detected a low TTC upright object) among a total 

25 exclusive. Furthermore, the steps of the disclosed meth­

ods may be modified in any manner, including by reor­
dering steps and/or inserting or deleting steps. It is in­
tended, therefore, that the specification and examples 

number of system running hours. As discussed above. 
the textural analysis based sub-system may make a de- 30 

cision to brake based on detection of a change in a texture 
(e.g., a change in footprint size) between at least two 
images of an area in front of vehicle 200. Processing unit 
110 may determine a second failure rate associated with 
the structural analysis based sub-system (step 2120). 35 

For example, processing unit 110 may determine the sec-

ond failure rate based on the total number of times the 
structural analysis based sub-system makes a false brak­
ing decision (e.g., falsely detected a low TTC upright ob-
ject) among the same total number of system running 40 

hours or a different total number of system running hours. 
Processing unit 110 may determine an overall system 

failure rate based on the first failure rate and the second 
failure rate (step 2130). For example, processing unit 110 
may multiply the first failure rate and the second failure 45 

rate, and use a result of the multiplication as an indicator 
of overall system mean-time-between-failures (MTBF). 

[0160] The foregoing description has been presented 

for purposes of illustration. It is not exhaustive and is not 
limited to the precise forms or embodiments disclosed. 50 

Modifications and adaptations will be apparent to those 
skilled in the art from consideration of the specification 
and practice of the disclosed embodiments. Additionally, 
although aspects of the disclosed embodiments are de­
scribed as being stored in memory, one skilled in the art 55 

will appreciate that these aspects can also be stored on 
other types of computer readable media, such as sec­

ondary storage devices, for example, hard disks or CD 

26 

be considered as illustrative only, with a true scope and 
spirit being indicated by the following claims and their full 

scope of equivalents. 
[0163] Also disclosed herein are the following clauses: 

1. An object detecting and braking system for a ve­

hicle, comprising: 

at least one image capture device configured to 
acquire a plurality of images of an area including 
an object in front of the vehicle; 
a data interface; and 
at least one processing device programmed to: 

receive the plurality of images via the data 

interface; 
perform a first image analysis based on at 
least a first image and a second image to 
determine a first estimated time-to-collision 

of the vehicle with the object; 

perform a second image analysis based on 
at least a third image and a fourth image to 
determine a second estimated time-to-col­
lision of the vehicle with the object; 
calculate a difference between the first es­
timated time-to-collision and the second es­

timated time-to-collision; 
determine that the difference does not ex­

ceed a predetermined threshold; and 
cause the vehicle to brake based on the de-
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termination that the difference does not ex­

ceed the predetermined threshold. 

2. The object detecting and braking system of clause 
1, wherein the first image analysis includes: 5 

determining a first size of the object appearing 

in the first image; 
determining a second size of the object appear-
ing in the second image; 10 

determining a change in size of the object based 

on the first size and the second size; and 
determining the first estimated time-to-collision 

based on the change in size of the object and a 
predetermined time interval between times of 15 

acquisition of the first image and the second im-
age. 

3. The object detecting and braking system of clause 

1, wherein the second image analysis includes: 20 

obtaining a vector field from at least the third 
image and fourth image, wherein each point in 
the vector field is represented by a vector indi­

cating a magnitude and a direction of movement 25 

from a first point in the third image to a corre­
sponding second point in the fourth image; 
determining a focus of expansion based on the 
vector field, the focus of expansion being a con-
verging point of vectors in the vector field; and 30 
determining a rate of expansion relative to the 

focus of expansion for each point in the vector 
field; and 
determining the second estimated time-to-colli-
sion based on the rate of expansion and a time 35 

interval between times of acquisition of the third 

image and the fourth image. 

4. The object detecting and braking system of clause 
3, wherein determining the rate of expansion relative 40 

to the focus of expansion includes: 

determining a distance from each point in the 

vector field to the focus of expansion; and 
dividing the magnitude by the distance to obtain 45 

the rate of expansion for each point in the vector 
field. 

5. The object detecting and braking system of clause 
4, wherein the second image analysis includes: so 

determining a relationship between magnitudes 
and distances for a plurality of points in the vec­
tor field; and 
determining that the object represented by the 55 

plurality of points is a low time-to-collision up-
right object based on a determination that the 

relationship is a linear relationship. 

27 

6. The object detecting and braking system of clause 

4, wherein the second image analysis includes: 

determining a relationship between magnitudes 
and distances for a plurality of points in the vec­
tor field; and 
determining that at least a portion of the object 

is a road surface based on a determination that 
the relationship is a non-linear relationship. 

7. The object detecting and braking system of clause 
1, wherein the second image analysis includes: 

obtaining a vector field from at least the third 
image and the fourth image, wherein each point 
in the vector field is represented by a vector in­
dicating a magnitude and a direction of move­
ment from a first point in the third image to a 
corresponding second point in the fourth image; 

detecting a first focus of expansion that is a first 
converging point of a first plurality of vectors in 

the vector field; 
detecting a second focus of expansion that is a 
second converging point of a second plurality of 

vectors in the vector field; and 
determining that the third image and the fourth 
image include a moving object that moves in a 
direction that is not parallel to a travel direction 
of the vehicle. 

8. The object detecting and braking system of clause 
1, wherein the second image analysis includes: 

obtaining a vector field from at least the third 
image and the fourth image, wherein each point 

in the vector field is represented by a vector in­
dicating a magnitude and a direction of move­

ment from a first point in the third image to a 
corresponding second point in the fourth image; 
detecting a focus of expansion based on the vec­
tor field, the focus of expansion being a converg­
ing point of vectors in the vector field; and 

determining that the third image and the fourth 
image represent an environment that is static 

relative to a road surface on which the vehicle 
is traveling. 

9. The object detecting and braking system of clause 

1, wherein the first image used for the first image 
analysis is different from the third image used for the 
second image analysis, and wherein the second im­
age used for the first image analysis is different from 
the fourth image used for the second image analysis. 
10. The object detecting and braking system of 

clause 1, wherein the first image used for the first 
image analysis is the same as the third image used 
for the second image analysis, and wherein the sec­
ond image used for the first image analysis is the 
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same as the fourth image used for the second image 

analysis. 
11. The object detecting and braking system of 
clause 1, wherein the first image analysis and the 
second image analysis are independent of each oth- 5 

er. 
12. The object detecting and braking system of 

clause 1, wherein the at least one image capture 
device includes: 

10 

a first image sensor configured to capture the 
first image and the second image to be used in 

the first image analysis; and 

a second image sensor independent of the first 
image sensor and configured to capture the third 15 

image and the fourth image to be used in the 
second image analysis. 

13. A vehicle, comprising: 

a body; 
at least one image capture device configured to 
acquire a plurality of images of an area including 

an object in front of the vehicle; 

20 

a data interface; and 25 

at least one processing device programmed to: 

receive the plurality of images via the data 
interface; 
perform a first image analysis based on at 30 
least a first image and a second image to 
determine a first estimated time-to-collision 

of the vehicle with the object; 
perform a second image analysis based on 
at least a third image and a fourth image to 35 

determine a second estimated time-to-col­

lision of the vehicle with the object; 
calculate a difference between the first es­
timated time-to-collision and the second es­
timated time-to-collision; 
determine that the difference does not ex­
ceed a predetermined threshold; and 

cause the vehicle to brake based on the de­
termination that the difference does not ex­

ceed the predetermined threshold. 

14. The vehicle of clause 13, wherein the first image 
analysis includes: 

40 

45 

determining a first size of the object appearing 50 

in the first image; 
determining a second size of the object appear­
ing in the second image; 
determining a change in size of the object based 
on the first size and the second size; and 55 

determining the first estimated time-to-collision 
based on the change in size of the object and a 

predetermined time interval between times of 

28 

acquisition of the first image and the second im­

age. 

15. The vehicle of clause 13, wherein the second 
image analysis includes: 

obtaining a vector field from at least the third 

image and fourth image, wherein each point in 
the vector field is represented by a vector indi­
cating a magnitude and a direction of movement 
from a first point in the third image to a corre­

sponding second point in the fourth image; 
determining a focus of expansion based on the 

vector field, the focus of expansion being a con­
verging point of vectors in the vector field; and 
determining a rate of expansion relative to the 
focus of expansion for each point in the vector 
field; and 
determining the second estimated time-to-colli­

sion based on the rate of expansion and a time 
interval between times of acquisition of the third 
image and the fourth image. 

16. The vehicle of clause 15, wherein determining 

the rate of expansion relative to the focus of expan­
sion includes: 

determining a distance from each point in the 
vector field to the focus of expansion; and 
dividing the magnitude by the distance to obtain 

the rate of expansion for each point in the vector 

field. 

17. The vehicle of clause 16, wherein the second 
image analysis includes: 

determining a relationship between magnitudes 
and distances for a plurality of points in the vec­
tor field; and 
determining that the object represented by the 
plurality of points is a low time-to-collision up­
right object based on a determination that the 

relationship is a linear relationship. 

18. A method for detecting an object and braking a 

vehicle, comprising: 

acquiring, via at least one image capture device, 

a plurality of images of an area including an ob­
ject in front of the vehicle; 
receiving, via a processing device, the plurality 
of images; 
performing, via the processing device, a first im­
age analysis based on at least a first image and 

a second image to determine a first estimated 
time-to-collision of the vehicle with the object; 

performing, via the processing device, a second 
image analysis based on at least a third image 
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and a fourth image to determine a second esti­

mated time-to-collision of the vehicle with the 

object; 
calculating, via the processing device, a differ-
ence between the first estimated time-to-colli- 5 

sion and the second estimated time-to-collision; 
determining, via the processing device, that the 

difference does not exceed a predetermined 
threshold; and 
causing, via the processing device, the vehicle 10 

to brake based on the determination that the dif­

ference does not exceed the predetermined 
threshold. 

19. The method of clause 18, wherein the first image 15 

analysis includes: 

determining a first size of the object appearing 
in the first image; 

determining a second size of the object appear- 20 

ing in the second image; 
determining a change in size of the object based 

on the first size and the second size; and 
determining the first estimated time-to-collision 

based on the change in size of the object and a 25 

predetermined time interval between times of 
acquisition of the first image and the second im-
age. 

20. The method of clause 18, wherein the second 30 

image analysis includes: 

obtaining a vector field from at least the third 
image and fourth image, wherein each point in 
the vector field is represented by a vector indi- 35 

eating a magnitude and a direction of movement 

from a first point in the third image to a corre-
spending second point in the fourth image; 
determining a focus of expansion based on the 
vector field, the focus of expansion being a con- 40 

verging point of vectors in the vector field; and 
determining a rate of expansion relative to the 

focus of expansion for each point in the vector 

field; and 
determining the second estimated time-to-colli- 45 

sion based on the rate of expansion and a time 
interval between times of acquisition of the third 
image and the fourth image. 

21. A method for assessing an overall system failure 50 

rate associated with a braking decisioning system 
for a vehicle, comprising: 

determining, using a processing device, a first 

failure rate associated with a textural analysis 55 

based sub-system, wherein the textural analysis 
based sub-system is configured to make a de-
cision to brake based on a change in texture 

29 

between at least two images of an area in front 

of a vehicle; 
determining, using the processing device, a sec­
ond failure rate associated with a structural anal­
ysis based sub-system, wherein the structural 
analysis based sub-system is configured to 
make a decision to brake based on optical flow 

information derived from at least two images of 

the area in front of the vehicle; and 
determining, using the processing device, the 
overall system failure rate based on the first fail­

ure rate and the second failure rate. 

22. The method of clause 21, wherein determining 
the overall system failure rate comprises multiplying 
the first failure rate with the second failure rate to 
generate the overall system failure rate. 

Claims 

1. A computer-implemented method for controlling a 

vehicle, the method comprising: 

determining a first failure rate associated with a 
textural analysis, the textural analysis including 
a textural decision based on a change in texture 
between at least two images captured by at least 
one image capture device configured to monitor 
an environment of the vehicle, wherein deter-

mining the first failure rate is based on a total 
number of times the textural analysis yields a 

false braking decision; 
determining a second failure rate associated 
with a structural analysis, the structural analysis 

including a structural decision based on optical 
flow information derived from at least two imag-

es captured by the at least one image capture 
device, wherein determining the second failure 
rate is based on a total number of times the struc-
tural analysis yields a false braking decision; 
determining an overall system failure rate based 

on the first failure rate and the second failure 

rate; and 
causing a braking system of the vehicle to brake 
based on the determined overall system failure 

rate. 

2. The method of claim 1, wherein determining the 
overall system failure rate comprises multiplying the 
first failure rate and the second failure rate. 

3. The method of claim 2, wherein multiplying the first 
failure rate and the second failure rate results in an 

indicator of an overall system mean-time-between-

failures. 

4. The method of any of claims 1 to 3, wherein deter-
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mining the first failure rate comprises determining 

the first failure rate based on a total number of times 
the textural analysis makes a false braking decision 
among a total number of system-running hours. 

5. The method of any of claims 1 to 3, wherein deter­
mining the second failure rate comprises determin-

ing the second failure rate based on a total number 

5 

of times the structural analysis makes a false braking 
decision among a total number of system-running 10 

hours. 

6. The method of any of claims 1 to 5, wherein deter-

mining the first failure rate comprises performing, 
with the textural analysis, a pattern recognition over 
pixel intensities in the at least two images. 

7. The method of claim 6, wherein performing the pat-
tern recognition comprises estimating a change of a 

footprint size by comparing image data of the at least 
two images. 

8. The method of claim 7, wherein the footprint size 
comprises a dimension length of a feature of an ob-

ject in the at least two images. 

9. The method of any of claims 1 to 8, wherein deter-
mining the second failure rate comprises processing 
the at least two images with the structural analysis 
to obtain an optical flow field. 

10. The method of any of claims 1 to 9, wherein the op-
tical flow information provides information regarding 

a movement of trackable textures between the at 
least two images. 

11. The method of any of claims 1 to 10, wherein the at 
least two images used in determining the second 
failure rate are the same as the at least two images 

15 

20 

25 

30 

35 

used in determining the first failure rate. 40 

12. The method of any of claims 1 to 11, wherein deter­

mining the second failure rate is performed after de­
termining the first failure rate. 

13. A vehicle control system comprising: 

at least one image capture device configured to 

capture a plurality of images of an environment 

45 

of a vehicle; and 50 

at least one processing device configured to per-
form the method of any of claims 1 to 12 using 
the captured plurality of images. 

55 

30 

58 
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Description SUMMARY 

Cross References to Related Applications [0004] Embodiments consistent with the present dis-
closure provide systems and methods for autonomous 

[0001] This application claims the benefit of priority of 5 vehicle navigation. The disclosed embodiments may use 
United States Provisional Patent Application No. 
61/911,490, filed on December 4. 2013; United States 

Provisional Patent Application No. 61/993,084, filed on 
May 14, 2014; United States Provisional Patent Applica­
tion No. 61/993, 111, filed on May 14.2014; United States 
Provisional Patent Application 62/015,524, filed on June 
23, 2014; United States Provisional Patent Application 
62/022,221, filed on July 9, 2014; United States Provi­

sional Patent Application No. 62/040,224, filed on August 
21, 2014; and United States Provisional Patent Applica­
tion 62/040,269, filed on August 21, 2014. All of the fore­
going applications are incorporated herein by reference 
in their entirety. 

BACKGROUND 

I. Technical Field 

[0002] The present disclosure relates generally to au-

cameras to provide autonomous vehicle navigation fea­
tures. For example, consistent with the disclosed embod­

iments, the disclosed systems may include one, two, or 
more cameras that monitor the environment of a vehicle 

10 and cause a navigational response based on an analysis 
of images captured by one or more of the cameras. 

[0005] Consistent with a disclosed embodiment, a driv­
er assist navigation system is provided for a vehicle. The 

system may include at least one image capture device 
15 configured to acquire a plurality of images of an area in 

a vicinity of the vehicle; a data interface; and at least one 
processing device. The at least one processing device 
may be configured to: receive the plurality of images via 
the data interface; determine from the plurality of images 

20 a first lane constraint on a first side of the vehicle; deter­
mine from the plurality of images a second lane constraint 

on a second side of the vehicle opposite to the first side 
of the vehicle, wherein the first and second lane con­
straints define a lane within which the vehicle travels and 

tonomous vehicle navigation and. more specifically, to 25 

systems and methods that use cameras to provide au­
tonomous vehicle navigation features. 

wherein a first distance corresponds to a distance be­
tween the first side of the vehicle and the first lane con-
straint and a second distance corresponds to a distance 
between the second side of the vehicle and the second 

II. Background Information 

[0003] As technology continues to advance, the goal 
of a fully autonomous vehicle that is capable of navigating 
on roadways is on the horizon. Primarily, an autonomous 
vehicle may be able to identify its environment and nav-

lane constraint; determine, based on the plurality of im-
30 ages, whether a lane offset condition exists on the first 

side of the vehicle; if a lane offset condition exists on the 

first side of the vehicle, cause the vehicle to travel within 
the first and second lane constraints such that the first 

igate without input from a human operator. Autonomous 35 

distance is greater than the second distance; determine, 
based on the plurality of images. whether a lane offset 
condition exists on the second side of the vehicle; and if vehicles may also take into account a variety of factors 

and make appropriate decisions based on those factors a lane offset condition exists on the second side of the 
to safely and accurately reach an intended destination. 
For example, various objects-such as other vehicles and 
pedestrians-are encountered when a vehicle typically 40 

travels a roadway_ Autonomous driving systems may rec-

vehicle, cause the vehicle to travel within the first and 
second lane constraints such that the first distance is less 
than the second distance. 
[0006] Consistent with the disclosed embodiment, the 
at least one processing device may be further configured 

to cause the first distance to be substantially the same 
as the second distance if, based on the plurality of imag-

ognize these objects in a vehicle's environment and take 

appropriate and timely action to avoid collisions. Addi­
tionally, autonomous driving systems may identify other 
indicators-such as traffic signals, traffic signs, and lane 
markings-that regulate vehicle movement (e.g., when the 
vehicle must stop and may go, a speed at which the ve­

hicle must not exceed, where the vehicle must be posi­

tioned on the roadway, etc.). Autonomous driving sys­
tems may need to determine when a vehicle should 
change lanes, turn at intersections, change roadways, 
etc. As is evident from these examples, many factors 
may need to be addressed in order to provide an auton­
omous vehicle that is capable of navigating safely and 

accurately. 

45 es, a lane offset condition is determined to exist on both 

the first and second sides of the vehicle. The at least one 
processing device may be configured to determine, 

based on the plurality of images, whether a lane offset 
condition is substantially non-existent, and if the lane off-

50 set condition is substantially non-existent, cause the ve­

hicle to travel within the first and second lane constraints 
such that the first distance is substantially equal to the 
second distance. If the driver assist navigation system 
determines that a lane offset condition exists, the at least 

55 one processing device may be configured to cause the 

first distance to be at least 125 times greater than the 
second distance. Alternatively, the at least one process­
ing device may be further configured to cause the first 
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distance to be at least 2 times greater than the second 
distance. If the driver assist navigation system deter­

mines that the lane offset condition includes a curved 
road, the at least one processing device may be config­
ured to cause the vehicle to travel within the first and 
second lane constraints such that the first distance is 
toward an outside of the curve relative to the vehicle, and 

the second distance is toward an inside of the curve rel­
ative to the vehicle. If the driver assist navigation system 
determines that the lane offset condition includes a pres­

ence of one or more objects on one side of the lane, the 
at least one processing device may be configured to 

cause the vehicle to travel within the first and second 

lane constraints such that the first distance, which is 
greater than the second distance, is provided toward the 
one or more objects. The one or more objects may in­
clude parked cars, a wall, and/or pedestrians, and may 
have a height of greater than 10 cm from a road surface. 

to cause the first distance to be substantially the same 

as the second distance if, based on the plurality of imag­
es, a lane offset condition is determined to exist on both 
the first and second vehicle sides. The at least one 

5 processing device may be configured to determine, 

based on the plurality of images, whether a lane offset 
condition is substantially non-existent, and if the lane off­

set condition is substantially non-existent, cause the ve­

hicle to travel within the first and second lane constraints 
10 such that the first distance is substantially equal to the 

second distance. The lane offset condition may include 

a curved road, and the at least one processing device 
may be configured to cause the vehicle to travel within 

the first and second lane constraints such that the first 
15 distance is toward an outside of the curve relative to the 

At least one of the first and second lane constraints may 

include a line marked on a road surface, an edge of a 20 

road surface, or a determined midpoint of a road surface 
width. Determination of whether a lane offset condition 
exists on the first side of the vehicle may be performed 
based on a position of a target object on the first side of 

vehicle, and the second distance is toward an inside of 
the curve relative to the vehicle. The lane offset condition 
may include a presence of one or more objects on one 
side of the lane, and the at least one processing device 

may be configured to cause the vehicle to travel within 

the first and second lane constraints such that the first 
distance, which is greater than the second distance, is 
provided toward the one or more objects. At least one of 
the first and second lane constraints may include an edge 

the vehicle. The causing of the vehicle to travel within 
the first and second lane constraints such that the first 

25 of a road surface and/or a determined midpoint of a road 

surface width. Determination of whether a lane offset 
distance is greater than the second distance may be over­
ridden based on input from a driver of the vehicle. 
[0007] Consistent with another disclosed embodiment, 
a vehicle may include a first vehicle side; a second vehicle 30 
side opposite the first vehicle side; at least one image 
capture device configured to acquire a plurality of images 

of an area in a vicinity of the vehicle; a data interface; 
and at least one processing device. The at least one 
processing device may be configured to: receive the plu- 35 

rality of images via the data interface; determine from the 

plurality of images a first lane constraint on the first ve-
hicle side; determine from the plurality of images a sec-

condition exists on the first side of the vehicle may be 
performed based on a position of a target object on the 
first side of the vehicle. The causing of the vehicle to 
travel within the first and second lane constraints such 

that the first distance is greater than the second distance 
may be overridden based on input from a driver of the 

vehicle. 
[0009] Consistent with another disclosed embodiment, 
a method is provided fornavigating a vehicle. The method 

may include acquiring, using at least one image capture 

device, a plurality of images of an area in the vicinity of 
the vehicle; determining from the plurality of images a 
first lane constraint on a first side of the vehicle; deter-ond lane constraint on the second vehicle side, wherein 

the first and second lane constraints define a lane within 
which the vehicle travels and wherein a first distance cor­
responds to a distance between the first vehicle side and 

the first lane constraint and a second distance corre­

sponds to a distance between the second vehicle side 

40 mining from the plurality of images a second lane con­

straint on a second side of the vehicle opposite to the 
first side of the vehicle, wherein the first and second lane 

constraints define a lane within which the vehicle travels 

and the second lane constraint; determine. based on the 45 

plurality of images, whether a lane offset condition exists 

and wherein a first distance corresponds to a distance 
between the first side of the vehicle and the first lane 
constraint and a second distance corresponds to a dis­

tance between the second side of the vehicle and the 
second lane constraint; determining, based on the plu-

on the first vehicle side; if a lane offset condition exists 
on the first vehicle side, cause the vehicle to travel within 

the first and second lane constraints such that the first 
distance is greater than the second distance; determine, 
based on the plurality of images, whether a lane offset 
condition exists on the second vehicle side; and if a lane 
offset condition exists on the second vehicle side, cause 

rality of images, whether a lane offset condition exists on 
50 the first side of the vehicle; if a lane offset condition exists 

on the first side of the vehicle, causing the vehicle to 
travel within the first and second lane constraints such 

the vehicle to travel within the first and second lane con­
straints such that the first distance is less than the second 55 

that the first distance is greater than the second distance; 
determining, based on the plurality of images, whether a 

lane offset condition exists on the second side of the ve­

hicle; and if a lane offset condition exists on the second 
side of the vehicle, causing the vehicle to travel within 
the first and second lane constraints such that the first 

distance. 
[0008] Consistent with the disclosed embodiment, the 
at least one processing device may be further configured 
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distance is less than the second distance. vehicle; determining from the plurality of images a current 

lane of travel from among a plurality of available travel 
lanes; and causing the vehicle to change lanes if the cur­
rent lane of travel is not the same as a predetermined 

[001 OJ Consistent with a disclosed embodiment, a driv­
er assist navigation system is provided for a vehicle. The 
system may include at least one image capture device 
configured to acquire a plurality of images of an area in 
a vicinity of the vehicle; a data interface; and at least one 
processing device. The at least processing device may 

be configured to: receive the plurality of images via the 
data interface; determine from the plurality of images a 
current lane of travel from among a plurality of available 

travel lanes; and cause the vehicle to change lanes if the 
current lane of travel is not the same as a predetermined 
default travel lane. 

5 default travel lane. 

[0015] Consistent with the disclosed embodiment, the 
predetermined default travel lane may be a right-most 

lane among the plurality of available travel lanes. A turn 
signal may be activated prior to causing the vehicle to 

10 change lanes. The predetermined default travel lane may 
be determined based on the plurality of images of the 
area in the vicinity of the vehicle. 
[0016] Consistent with a disclosed embodiment, a driv­

er assist navigation system is provided for a vehicle. The [0011] Consistent with the disclosed embodiment, the 
predetermined default travel lane may be a right-most 
lane among the plurality of available travel lanes. The at 
least one processing device may be configured to acti­
vate a turn signal prior to causing the vehicle to change 

15 system may include at least one image capture device 

configured to acquire a plurality of images of an area in 
a vicinity of the vehicle; a data interface; and at least one 
processing device. The at least one processing device 

lanes. The at least one processing device may be con­

figured to cause an audible announcement prior to caus- 20 

ing the vehicle to change lanes. The at least one process-

may be configured to: receive the plurality of images via 

the data interface; recognize a curve to be navigated 

based on map data and vehicle position information; de-
termine an initial target velocity for the vehicle based on 

at least one characteristic of the curve as reflected in the 
map data; adjust a velocity of the vehicle to the initial 

ing device may be configured to cause an audible indi­
cator prior to causing the vehicle to change lanes. The 
predetermined default travel lane may be determined 

based on the plurality of images of the area in the vicinity 
of the vehicle, based on data received from a global po­
sitioning system, and/or based on an input received from 
a user. 

25 target velocity; determine, based on the plurality of im­

ages, one or more observed characteristics of the curve; 
determine an updated target velocity based on the one 
or more observed characteristics of the curve; and adjust 

[0012] Consistent with another disclosed embodiment. 
a vehicle may include a body; at least one image capture 30 
device configured to acquire a plurality of images of an 

area in a vicinity of the vehicle; a data interface; and at 
least one processing device. The at least one processing 
device may be configured to: receive the plurality of im­
ages via the data interface; determine from the plurality 35 
of images a current lane of travel from among a plurality 

of available travel lanes; and cause the vehicle to change 
lanes if the current lane of travel is not the same as a 
predetermined default travel lane. 
[0013] Consistent with the disclosed embodiment, the 40 

predetermined default travel lane may be a right-most 
lane among the plurality of available travel lanes. The at 

least one processing device may be configured to acti-
vate a turn signal prior to causing the vehicle to change 
lanes. The at least one processing device may be con- 45 

figured to cause an audible announcement prior to caus-
ing the vehicle to change lanes. The at least one process-
ing device may be configured to cause an audible indi-

cator prior to causing the vehicle to change lanes. The 
predetermined default travel lane may be determined 50 

based on the plurality of images of the area in the vicinity 
of the vehicle, based on data received from a global po­
sitioning system, and/or based on an input received from 
a user. 
[0014] Consistent with another disclosed embodiment, 55 

a method is provided fornavigating a vehicle. The method 
may include acquiring, using at least one image capture 
device, a plurality of images of an area in a vicinity of the 

4 

the velocity of the vehicle to the updated target velocity. 
[0017] Consistent with the disclosed embodiment, the 

at least one characteristic of the curve may include an 

expected radius of curvature for the curve as determined 
from the map data. The initial target velocity may be de­

termined based on the expected radius of curvature for 
the curve and a lateral acceleration limit. The lateral ac­

celeration limit may be between about 0.2 m/sec2 and 

3.0 m/sec2. Alternatively, the lateral acceleration limit 
may be between about 1.5 m/sec2 and 3.0 m/sec2. The 
lateral acceleration limit may be adjusted based on a road 
width determined based on the plurality of images. The 
one or more observed characteristics of the curve may 
include an actual radius of curvature for the curve as 

determined through analysis of the plurality of images. 
The updated target velocity may be determined based 

on the actual radius of curvature for the curve and a lateral 
acceleration limit The one or more observed character­
istics of the curve may include a rate of change in an 

actual radius of curvature for the curve as determined 

through analysis of the plurality of images. The one or 
more observed characteristics of the curve may include 
a degree of banking associated with the curve as deter-
mined through analysis of the plurality of images. The 
one or more observed characteristics of the curve may 
include information, determined through analysis of the 

plurality of images, relating to the curve conveyed by one 
or more road signs. The initial target velocity may also 
be based on a focal range of the at least one image cap­
ture device. The initial target velocity may also be based 
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one characteristic of the curve as reflected in the map 

data; adjusting a velocity of the vehicle to the initial target 
velocity; determining, based on the plurality of images, 

on whether a traffic light is determined to be located along 

the curve. The initial target velocity may also be based 
on whether a traffic light is determined to be located within 
a predetermined distance after the curve. 
[0018] Consistent with another disclosed embodiment, 
a vehicle may include a body; at least one image capture 
device configured to acquire a plurality of images of an 

one or more observed characteristics of the curve; de-
5 termining an updated target velocity based on the one or 

more observed characteristics of the curve; and adjusting 
the velocity of the vehicle to the updated target velocity. 

[0021] Consistent with a disclosed embodiment, a driv-area in a vicinity of the vehicle; a data interface; and at 
least one processing device. The at least one processing 
device may be configured to: receive the plurality of im­
ages via the data interface; recognize a curve to be nav­
igated based on map data and vehicle position informa-

er assist navigation system is provided for a primary ve-
10 hide. The system may include at least one image capture 

device configured to acquire a plurality of images of an 

area in a vicinity of the primary vehicle; a data interface; 
and at least one processing device. The at least one 

processing device may be configured to: receive the plu-

tion; determine an initial target velocity for the vehicle 
based on at least one characteristic of the curve as re­

flected in the map data; adjust a velocity of the vehicle 
to the initial target velocity; determine, based on the plu­
rality of images, one or more observed characteristics of 
the curve; determine an updated target velocity based 
on the one or more observed characteristics of the curve; 

15 rality of images via the data interface; determine, from at 

least some of the plurality of images, a first lane constraint 
on a first side of the primary vehicle; determine, from at 
least some of the plurality of images, a second lane con­
straint on a second side of the primary vehicle opposite 

and adjust the velocity of the vehicle to the updated target 
velocity. 

20 to the first side of the primary vehicle, wherein the first 

[0019] Consistent with the disclosed embodiment, the 
at least one characteristic of the curve may include an 

expected radius of curvature for the curve as determined 
from the map data. The initial target velocity may be de- 25 

!ermined based on the expected radius of curvature for 
the curve and a lateral acceleration limit. The lateral ac­
celeration limit may be adjusted based on a road width 
determined based on the plurality of images. The one or 
more observed characteristics of the curve may include 30 
an actual radius of curvature for the curve as determined 
through analysis of the plurality of images. The updated 
target velocity may be determined based on the actual 

radius of curvature for the curve and a lateral acceleration 
limit. The one or more observed characteristics of the 35 

curve may include a rate of change in an actual radius 

of curvature for the curve as determined through analysis 

and second lane constraints define a lane within which 
the primary vehicle travels; cause the primary vehicle to 

travel within the first and second lane constraints; locate 
in the plurality of images a leading vehicle; determine, 

based on the plurality of images, at least one action taken 
by the leading vehicle; and cause the primary vehicle to 
mimic the at least one action of the leading vehicle. 
[0022] Consistent with the disclosed embodiment, at 
least one of the first and second lane constraints may 
include a line marked on a road surface. At least one of 

the first and second lane constraints may include an edge 

of a road surface. At least one of the first and second 
lane constraints may include a determined midpoint of a 
road surface width. The at least one action taken by the 
leading vehicle may include a turn, and the at least one 

processing device may cause the primary vehicle to ex-

ecute a similar turn beginning at a location at which the 
leading vehicle initiated its turn. The at least one action 
taken by the leading vehicle may include an acceleration. 

of the plurality of images. The one or more observed char­
acteristics of the curve may include a degree of banking 
associated with the curve as determined through analysis 
of the plurality of images. The one or more observed char­
acteristics of the curve may include information, deter­

mined through analysis of the plurality of images, relating 

40 The at least one action taken by the leading vehicle may 

to the curve conveyed by one or more road signs. The 
initial target velocity may also be based on a focal range 45 

of the at least one image capture device. The initial target 
velocity may also be based on whether a traffic light is 
determined to be located along the curve. The initial tar-

include braking. The at least one action taken by the lead­
ing vehicle may include providing a first offset distance 

on a side of the leading vehicle adjacent to the first lane 

constraint that is different from a second offset distance 
on a side of the leading vehicle adjacent to the second 
lane constraint. The at least one processing device may 
be further configured to determine, based on the plurality 

of images or based on map data and position information, 

get velocity may also be based on whether a traffic light 
is determined to be located within a predetermined dis­
tance after the curve. 

whether the leading vehicle is turning at an intersection, 
50 and if the leading vehicle is determined to be turning at 

[0020] Consistent with another disclosed embodiment. 
a method is provided fornavigating a vehicle. The method 
may include acquiring, using at least one image capture 
device, a plurality of images of an area in a vicinity of the 55 

vehicle; recognizing a curve to be navigated based on 

map data and vehicle position information; determining 
an initial target velocity for the vehicle based on at least 

5 

an intersection, decline to mimic the turn of the leading 
vehicle. The at least one processing device may be con­
figured to determine, based on the plurality of images or 
based on map data and position information, whether the 

leading vehicle is turning at an intersection, determine 
whether the leading vehicle is changing lanes within the 

intersection, mimic the turn of the leading vehicle if the 
leading vehicle is determined to be turning at an inter-
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section and not changing lanes within the intersection, 

and decline to mimic the turn of the leading vehicle if the 
leading vehicle is determined to be turning at an inter­
section, but changing lanes within the intersection. The 
at least one processing device may be configured to ac­
quire a first leading vehicle based on the plurality of im­
ages, acquire a second leading vehicle based on the plu­

rality of images, and cause the primary vehicle to mimic 
the first leading vehicle if, based on the plurality of imag­
es, the first leading vehicle is determined to be continuing 
on a path having less of a turning radius than a path 
followed by the second leading vehicle. The at least one 

processing device may be configured to determine posi-

tion information for the leading vehicle and compare the 
position information to predetermined map data, create 

The at least one action taken by the leading vehicle may 
include braking. The at least one action taken by the lead­

ing vehicle may include providing a first offset distance 
on a side of the leading vehicle adjacent to the first lane 

5 constraint that is different from a second offset distance 

on a side of the leading vehicle adjacent to the second 
lane constraint. The at least one processing device may 

be further configured to determine, based on the plurality 

of images or based on map data and position information, 
10 whether the leading vehicle is turning at an intersection, 

and if the leading vehicle is determined to be turning at 

an intersection, decline to mimic the turn of the leading 
vehicle. The at least one processing device may be con­

figured to determine, based on the plurality of images or 
15 based on map data and position information, whether the 

leading vehicle is turning at an intersection, determine 
whether the leading vehicle is changing lanes within the 
intersection, mimic the turn of the leading vehicle if the 

a navigation history for the leading vehicle by tracking 
movements of the leading vehicle relative to the prede­
termined map data, and determine whether to cause the 
primary vehicle to mimic the at least one action of the 

leading vehicle based on the navigation history of the 20 

leading vehicle. The at least one processing device may 

leading vehicle is determined to be turning at an inter­

section and not changing lanes within the intersection, 
and decline to mimic the turn of the leading vehicle if the 

be configured to cause the primary vehicle to mimic a leading vehicle is determined to be turning at an inter­
section, but changing lanes within the intersection. The turn of the leading vehicle, even where no turn is detected 

based on the plurality of images, when the navigation 

history indicates that the leading vehicle has successfully 
navigated at least one prior turn. 

at least one processing device may be configured to ac-

25 quire a first leading vehicle based on the plurality of im-

[0023] Consistent with another disclosed embodiment, 
ages, acquire a second leading vehicle based on the plu­
rality of images, and cause the primary vehicle to mimic 
the first leading vehicle if, based on the plurality of imag-a primary vehicle may include a body; at least one image 

capture device configured to acquire a plurality of images 
of an area in a vicinity of the primary vehicle; a data in­

terface; and at least one processing device. The at least 
one processing device may be configured to: receive the 

plurality of images via the data interface; determine, from 

es, the first leading vehicle is determined to be continuing 
30 on a path having less of a turning radius than a path 

followed by the second leading vehicle. The at least one 
processing device may be configured to determine posi­
tion information for the leading vehicle and compare the 

at least some of the plurality of images, a first lane con­

straint on a first side of the primary vehicle; determine, 
from at least some of the plurality of images, a second 

lane constraint on a second side of the primary vehicle 
opposite to the first side of the primary vehicle, wherein 

position information to predetermined map data, create 
35 a navigation history for the leading vehicle by tracking 

the first and second lane constraints define a lane within 
which the primary vehicle travels; cause the primary ve- 40 

hide to travel within the first and second lane constraints; 
locate in the plurality of images a leading vehicle; deter­

mine, based on the plurality of images, at least one action 
taken by the leading vehicle; and cause the primary ve-
hicle to mimic the at least one action of the leading ve- 45 

hicle. 
[0024] Consistent with the disclosed embodiment, at 

least one of the first and second lane constraints may 

include a line marked on a road surface. At least one of 

movements of the leading vehicle relative to the prede­

termined map data, and determine whether to cause the 
primary vehicle to mimic the at least one action of the 
leading vehicle based on the navigation history of the 
leading vehicle. The at least one processing device may 
be configured to cause the primary vehicle to mimic a 
turn of the leading vehicle, even where no turn is detected 

based on the plurality of images, when the navigation 
history indicates that the leading vehicle has successfully 
navigated at least one prior turn. 
[0025] Consistent with another disclosed embodiment, 
a method is provided for navigating a primary vehicle. 

The method ma include acquiring, using at least one im-

age capture device, a plurality of images of an area in a 
the first and second lane constraints may include an edge 
of a road surface. At least one of the first and second 
lane constraints may include a determined midpoint of a 
road surface width. The at least one action taken by the 
leading vehicle may include a turn, and the at least one 

50 vicinity of the primary vehicle; determining, from at least 

some of the plurality of images, a first lane constraint on 
a first side of the primary vehicle; determining, from at 
least some of the plurality of images, a second lane con-

processing device may cause the primary vehicle to ex- 55 

ecute a similar turn beginning at a location at which the 
leading vehicle initiated its turn. The at least one action 
taken by the leading vehicle may include an acceleration. 

6 

straint on a second side of the primary vehicle opposite 

to the first side of the primary vehicle, wherein the first 

and second lane constraints define a lane within which 
the primary vehicle travels; causing the primary vehicle 

to travel within the first and second lane constraints; lo-
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eating in the plurality of images a leading vehicle; deter­

mining, based on the plurality of images, at least one 
action taken by the leading vehicle; and causing the pri­
mary vehicle to mimic the at least one action of the leading 
vehicle. 
[0026] Consistent with a disclosed embodiment, a driv-
er assist navigation system is provided for a user vehicle. 

They system may include at least one image capture 
device configured to acquire a plurality of images of an 

area in a vicinity of the user vehicle; a data interface; and 
at least one processing device. The at least one process­
ing device may be configured to: receive the plurality of 

images via the data interface; determine from the plurality 

of images a first lane constraint on a first side of the user 
vehicle; determine from the plurality of images a second 
lane constraint on a second side of the user vehicle op­
posite to the first side of the user vehicle, wherein the 

pass, if the target vehicle is determined to be entering 

the lane in which the user vehicle is traveling. 
[0029] Consistent with the disclosed embodiment, 
causing the user vehicle to abort the pass may include 

5 causing an application of brakes in the user vehicle. 

Causing the user vehicle to abort the pass may include 
causing an audible announcement. Causing the user ve­

hicle to abort the pass may include causing the user ve­
hicle to stop accelerating. Monitoring the position of the 

10 target vehicle may include estimating a speed of the tar­
get vehicle. At least one of the first and second lane con­

straints may include a line marked on a road surface, an 
edge of a road surface, and/or a determined midpoint of 

a road surface width. 
1 s [0030] Consistent with another disclosed embodiment, 

a method is provided for navigating a user vehicle. The 
method may include acquiring, using at least one image 
capture device, a plurality of images of an area in a vicinity first and second lane constraints define a lane within 

which the user vehicle travels: acquire, based on the plu­

rality of images, a target vehicle; enable the user vehicle 20 

to pass the target vehicle if the target vehicle is deter­

mined to be in a lane different from the lane in which the 

of the user vehicle; determining from the plurality of im­

ages a first lane constraint on a first side of the user ve­
hicle; determining from the plurality of images a second 
lane constraint on a second side of the user vehicle op­

posite to the first side of the user vehicle, wherein the 
first and second lane constraints define a lane within 

user vehicle is traveling; monitor a position of the target 

vehicle based on the plurality of images; and cause the 

user vehicle to abort the pass before completion of the 
pass, if the target vehicle is determined to be entering 
the lane in which the user vehicle is traveling. 
[0027] Consistent with the disclosed embodiment, 
causing the user vehicle to abort the pass may include 
causing an application of brakes in the user vehicle. 

Causing the user vehicle to abort the pass may include 
causing an audible announcement. Causing the user ve-
hicle to abort the pass may include causing the user ve-

25 which the user vehicle travels; acquiring, based on the 

plurality of images, a target vehicle; enabling the user 
vehicle to pass the target vehicle if the target vehicle is 
determined to be in a lane different from the lane in which 
the user vehicle is traveling; monitoring a position of the 

30 target vehicle based on the plurality of images; and caus-

ing the user vehicle to abort the pass before completion 
of the pass, if the target vehicle is determined to be en­
tering the lane in which the user vehicle is traveling. 

hicle to stop accelerating. Monitoring the position of the 
target vehicle may include estimating a speed of the tar- 35 

get vehicle. At least one of the first and second lane con-

[0031] Consistent with the disclosed embodiment, 
causing the user vehicle to abort the pass may include 

causing an application of brakes in the user vehicle. 

straints may include a line marked on a road surface, an 
edge of a road surface, and/or a determined midpoint of 
a road surface width. 
[0028] Consistent with another disclosed embodiment, 
a user vehicle may include at least one image capture 
device configured to acquire a plurality of images of an 

area in a vicinity of the user vehicle; a data interface; and 
at least one processing device. The at least one process-

Causing the user vehicle to abort the pass may include 
causing the user vehicle to stop accelerating. At least 
one of the first and second lane constraints may include 

40 a line marked on a road surface, an edge of a road sur­

face. and/or a determined midpoint of a road surface 
width. 

ing device may be configured to: receive the plurality of 45 

images via the data interface; determine from the plurality 

[0032] Consistent with a disclosed embodiment, a driv­
er assist navigation system is provided for a user vehicle. 
The system may include at least one image capture de­
vice configured to acquire a plurality of images of an area 

in a vicinity of the user vehicle; a data interface; and at 
least one processing device. The at least one processing 

of images a first lane constraint on a first side of the user 

vehicle; determine from the plurality of images a second 

lane constraint on a second side of the user vehicle op­
posite to the first side of the user vehicle, wherein the 
first and second lane constraints define a lane within 
which the user vehicle travels; acquire, based on the plu­
rality of images, a target vehicle: enable the user vehicle 
to pass the target vehicle if the target vehicle is deter­

mined to be in a lane different from the lane in which the 
user vehicle is traveling; monitor a position of the target 
vehicle based on the plurality of images; and cause the 

user vehicle to abort the pass before completion of the 

device may be configured to: receive the plurality of im-
50 ages via the data interface; determine from the plurality 

of images a first lane constraint on a first side of the user 
vehicle; determine from the plurality of images a second 
lane constraint on a second side of the user vehicle op­
posite to the first side of the user vehicle, wherein the 

55 first and second lane constraints define a lane within 

which the user vehicle travels; determine, based on the 
plurality of images, whether an encroaching vehicle is 

approaching from a side of the user vehicle; and cause 
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the user vehicle to maintain a current velocity and to travel 

within the first and second lane constraints such that a 
first distance, on the side of the user vehicle that the 
encroaching vehicle is approaching from, is greater than 
a second distance. 
[0033] Consistent with the disclosed embodiment, the 
at least one processing device may be further configured 

to cause the user vehicle to take evasive action if analysis 
of the plurality of images indicates that the encroaching 

vehicle has crossed at least one collision threshold. The 
evasive action may include changing lanes, altering 

course, and/or braking. The at least one collision thresh-
old may include a minimum predetermined distance to 

maintain between the user vehicle and the encroaching 
vehicle. The at least one collision threshold may include 
a time to collision. The at least one processing device 
may be configured to cause the user vehicle to return to 
a center of the lane, within which the user vehicle origi-
nally traveled, after completion of the evasive action_ The 

old may include a minimum predetermined distance to 

maintain between the user vehicle and the encroaching 
vehicle. The at least one collision threshold may include 
a time to collision. The at least one processing device 

5 may be configured to cause the user vehicle to return to 

a center of the lane, within which the user vehicle origi­
nally traveled, after completion of the evasive action. The 

at least one image capture device may have a field of 
view of at least 140 degrees. The at least one processing 

10 device may be configured to cause the user vehicle to 
resume a preset speed after braking in response to an 
encroaching vehicle. The at least one processing device 

may be configured to cause the user vehicle to return to 

a lane location within the first and second lane constraints 
15 such that the first distance between the user vehicle and 

the first lane constraint is substantially equal to the sec-
ond distance between the user vehicle and the second 
lane constraint after altering course in response to an 
encroaching vehicle. 

at least one image capture device may have a field of 20 

view of at least 140 degrees. The at least one processing 
device may be configured to cause the user vehicle to 
resume a preset speed after braking in response to an 
encroaching vehicle. The at least one processing device 

[0036] Consistent with another disclosed embodiment, 
a method for navigating a user vehicle is provided. The 
method may include acquiring, using at least one image 
capture device, a plurality of images of an area in a vicinity 
of the user vehicle; determining from the plurality of im-

may be configured to cause the user vehicle to return to 
a lane location within the first and second lane constraints 
such that the first distance between the user vehicle and 
the first lane constraint is substantially equal to the sec­
ond distance between the user vehicle and the second 
lane constraint after altering course in response to an 

encroaching vehicle. 
[0034] Consistent with another disclosed embodiment, 
a user vehicle may include at least one image capture 
device configured to acquire a plurality of images of an 

area in a vicinity of the user vehicle; a data interface; and 
at least one processing device. The at least one process­

ing device may be configured to: receive the plurality of 
images via the data interface; determine from the plurality 

25 ages a first lane constraint on a first side of the user ve­

hicle; determining from the plurality of images a second 
lane constraint on a second side of the user vehicle op­
posite to the first side of the user vehicle, wherein the 
first and second lane constraints define a lane within 

30 which the user vehicle travels; determining, based on the 

plurality of images, whether an encroaching vehicle is 
approaching from a side of the user vehicle; and causing 
the user vehicle to maintain a current velocity and to travel 

within the first and second lane constraints such that a 
35 first distance, on the side of the user vehicle that the 

encroaching vehicle is approaching from, is greater than 

a second distance. 

of images a first lane constraint on a first side of the user 
vehicle; determine from the plurality of images a second 40 

[0037] Consistent with a disclosed embodiment, a driv­
er assist navigation system is provided for a primary ve­
hicle. They system may include at least one image cap­
ture device configured to acquire a plurality of images of lane constraint on a second side of the user vehicle op­

posite to the first side of the user vehicle, wherein the 

first and second lane constraints define a lane within 

which the user vehicle travels; determine, based on the 
plurality of images, whether an encroaching vehicle is 45 

approaching from a side of the user vehicle; and cause 
the user vehicle to maintain a current velocity and to travel 

within the first and second lane constraints such that a 

first distance, on the side of the user vehicle that the 
encroaching vehicle is approaching from, is greater than so 
a second distance. 
[0035] Consistent with the disclosed embodiment, the 
at least one processing device may be further configured 
to cause the user vehicle to take evasive action if analysis 
of the plurality of images indicates that the encroaching 55 

vehicle has crossed at least one collision threshold. The 
evasive action may include changing lanes, altering 
course, and/or braking. The at least one collision thresh-

8 

an area in a vicinity of the primary vehicle; a data inter­

face; and at least one processing device. The at least 
processing device may be configured to: receive the plu­
rality of images via the data interface; identify a target 
object within the plurality of images; monitor, via the plu-
rality of images, a motion of the target object and a dis­

tance between the primary vehicle and the target object; 

determine an indicator of an intercept time between the 
primary vehicle and the target object based on the mon­
itored motion and the distance between the primary ve-
hicle and the target object; and cause a response in the 
primary vehicle based on a comparison of the intercept 
time to a plurality of predetermined intercept thresholds. 

[0038] Consistent with the disclosed embodiment, the 
target object may be a target vehicle traveling in a lane 
different from the primary vehicle. The intercept time may 

be based on an indicator of speed of the tracked object, 
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as determined based on the plurality of images. The in­

tercept time may be based on an indicator of an accel­
eration of the tracked object, as determined based on 
the plurality of images. The at least one processing de-
vice may be further configured to determine whether the 5 

target object is traveling in the same lane as the primary 
vehicle, and forego the response in the primary vehicle 

if the target object is determined to be traveling in a lane 
different from the primary vehicle. Determination of 
whether the target object is traveling in the same lane as 10 

the primary vehicle may be based on the plurality of im­
ages. Determination of whether the target object is 

traveling in the same lane as the primary vehicle may be 

based on at least one of predetermined map data or yaw 

ages. Determination of whether the target object is 

traveling in the same lane as the primary vehicle may be 
based on at least one of predetermined map data or yaw 
rate of the primary vehicle. The response may be based 
on an averaged motion profile associated with the target 
object if the indicator of intercept time indicates that the 
target object is outside a first intercept threshold relative 

to the vehicle. The response may be based on actual 
motion of the target object if the indicator of intercept time 
indicates that the target object is between the first inter­

cept threshold and a second intercept threshold relative 
to the vehicle. The response may include an emergency 

avoidance action if the indicator of intercept time indi­

cates that the target object is within the second intercept 
rate of the primary vehicle. The response may be based 
on an averaged motion profile associated with the target 
object if the indicator of intercept time indicates that the 
target object is outside a first intercept threshold relative 

15 threshold. The emergency avoidance action may include 

changing lanes and/or emergency braking. 

to the vehicle. The response may be based on actual 

motion of the target object if the indicator of intercept time 20 

indicates that the target object is between the first inter-

cept threshold and a second intercept threshold relative 
to the vehicle. The response may include an emergency 
avoidance action if the indicator of intercept time indi­

cates that the target object is within the second intercept 25 

threshold. The emergency avoidance action may include 
changing lanes and/or emergency braking. 
[0039] Consistent with another disclosed embodiment, 

[0041] Consistent with another disclosed embodiment, 
a method for navigating a primary vehicle may include 
acquiring, via at least one image capture device, a plu­

rality of images of an area in a vicinity of the primary 
vehicle; identifying a target object within the plurality of 
images; monitoring, based on the plurality of images, a 
motion of the target object and a distance between the 
primary vehicle and the target object; determining an in-

dicator of an intercept time between the primary vehicle 
and the target object based on the monitored motion and 
the distance between the primary vehicle and the target 
object; and causing a response in the primary vehicle 
based on a comparison of the intercept time to a plurality a primary vehicle may include a body; at least one image 

capture device configured to acquire a plurality of images 

of an area in a vicinity of the primary vehicle; a data in­

terface; and at least one processing device. The at least 

30 of predetermined intercept thresholds. 

[0042] Consistent with a disclosed embodiment, a driv-

one processing device may be configured to: receive the 
plurality of images via the data interface; identify a target 
object within the plurality of images; monitor, via the plu- 35 

rality of images, a motion of the target object and a dis­

tance between the primary vehicle and the target object; 
determine an indicator of an intercept time between the 
primary vehicle and the target object based on the mon­
itored motion and the distance between the primary ve- 40 

hicle and the target object; and cause a response in the 

er assist navigation system is provided for a vehicle. The 
system may include at least one image capture device 
configured to acquire a plurality of images of an area in 

a vicinity of the vehicle; a data interface; and at least one 
processing device. The at least one processing device 

may be configured to: receive the plurality of images via 
the data interface; identify, based on analysis of the plu­
rality of images, a trigger for stopping the vehicle; and 
based on the identified trigger, cause the vehicle to stop 
according to a braking profile including a first segment 

primary vehicle based on a comparison of the intercept 

time to a plurality of predetermined intercept thresholds. 
[0040] Consistent with the disclosed embodiment, the 
target object may be a target vehicle traveling in a lane 
different from the primary vehicle. The intercept time may 

be based on an indicator of speed of the tracked object, 
as determined based on the plurality of images. The in­

tercept time may be based on an indicator of an accel­
eration of the tracked object, as determined based on 
the plurality of images. The at least one processing de­
vice may be further configured to determine whether the 
target object is traveling in the same lane as the primary 
vehicle. and forego the response in the primary vehicle 

if the target object is determined to be traveling in a lane 
different from the primary vehicle. Determination of 
whether the target object is traveling in the same lane as 
the primary vehicle may be based on the plurality of im-

associated with a first deceleration rate, a second seg­

ment which includes a second deceleration rate less than 

the first deceleration rate, and a third segment in which 
45 a level of braking is decreased as a target stopping lo­

cation is approached, as determined based on the anal­
ysis of the plurality of images. 

[0043] Consistent with the disclosed embodiment, 

reaching of the target stopping location may be accom-
50 panied by a release in braking pressure. The trigger may 

include an object. The object may include another vehicle 
in front of the vehicle. The trigger may include a traffic 
light signal, a stop sign, and/or a speed limit sign. The at 
least one processing device may be further configured 

55 to provide an audible announcement identifying the trig­

ger. The at least one processing device may be config­
ured to cause an audible announcement indicating that 
the vehicle is braking. 
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[0044] Consistent with another disclosed embodiment, 

a vehicle may include a body; at least one image capture 
device configured to acquire a plurality of images of an 
area in a vicinity of the vehicle; a data interface; and at 
least one processing device. The at least one processing 5 

device may be configured to: receive the plurality of im­
ages via the data interface; identify, based on analysis 

of the plurality of images, a trigger for stopping the vehi-
cle; and based on the identified trigger, cause the vehicle 
to stop according to a braking profile including a first seg- 10 

men! associated with a first deceleration rate, a second 
segment which includes a second deceleration rate less 

than the first deceleration rate, and a third segment in 

which a level of braking is decreased as a target stopping 
location is approached, as determined based on the anal- 15 

ysis of the plurality of images. 
[0045] Consistent with the disclosed embodiment, 

reaching of the target stopping location may be accom­
panied by a release in braking pressure. The trigger may 

include an object. The object may include another vehicle 20 

in front of the vehicle. The trigger may include a traffic 
light signal, a stop sign, and/or a speed limit sign. The at 
least one processing device may be further configured 
to provide an audible announcement identifying the trig-

ger. The at least one processing device may be config- 25 

ured to cause an audible announcement indicating that 
the vehicle is braking. 
[0046] Consistent with another disclosed embodiment, 
a method is provided fornavigating a vehicle. The method 
may include acquiring, via at least one image capture 30 
plurality of images of an area in a vicinity of the vehicle; 
identifying, based on analysis of the plurality of images, 
a trigger for stopping the vehicle; and based on the iden-
tified trigger, causing the vehicle to stop according to a 
braking profile including a first segment associated with 35 

a first deceleration rate, a second segment which in­
cludes a second deceleration rate less than the first de­

celeration rate, and a third segment in which a level of 
braking is decreased as a target stopping location is ap­
proached, as determined based on the analysis of the 40 

plurality of images. 
[0047] Consistent with other disclosed embodiments, 

non-transitory computer-readable storage media may 
store program instructions, which are executed by at 
least one processing device and perform any of the meth- 45 

ods described herein. 
[0048] The foregoing general description and the fol­

lowing detailed description are exemplary and explana­

tory only and are not restrictive of the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0049] The accompanying drawings, which are incor­
porated in and constitute a part of this disclosure, illus-

50 

trate various disclosed embodiments. In the drawings: 55 

FIG. 1 is a diagrammatic representation of an exem­
plary system consistent with the disclosed embodi-

10 

ments. 

FIG. 2A is a diagrammatic side view representation 
of an exemplary vehicle including a system consist­
ent with the disclosed embodiments. 
FIG. 2B is a diagrammatic top view representation 
of the vehicle and system shown in FIG. 2A consist­
ent with the disclosed embodiments. 

FIG. 2C is a diagrammatic top view representation 
of another embodiment of a vehicle including a sys­

tem consistent with the disclosed embodiments. 
FIG. 2D is a diagrammatic top view representation 
of yet another embodiment of a vehicle including a 

system consistent with the disclosed embodiments. 

FIG. 2E is a diagrammatic top view representation 
of yet another embodiment of a vehicle including a 
system consistent with the disclosed embodiments. 
FIG. 2F is a diagrammatic representation of exem­
plary vehicle control systems consistent with the dis­
closed embodiments. 

FIG. 3A is a diagrammatic representation of an inte­
rior of a vehicle including a rearview mirror and a 
user interface for a vehicle imaging system consist­

ent with the disclosed embodiments. 
FIG. 3B is an illustration of an example of a camera 

mount that is configured to be positioned behind a 
rearview mirror and against a vehicle windshield con­
sistent with the disclosed embodiments. 
FIG. 3C is an illustration of the camera mount shown 
in FIG. 3B from a different perspective consistent 
with the disclosed embodiments. 

FIG. 3D is an illustration of an example of a camera 
mount that is configured to be positioned behind a 
rearview mirror and against a vehicle windshield con­

sistent with the disclosed embodiments. 
FIG. 4 is an exemplary block diagram of a memory 

configured to store instructions for performing one 

or more operations consistent with the disclosed em­
bodiments. 
FIG. 5A is a flowchart showing an exemplary process 
for causing one or more navigational responses 
based on monocular image analysis consistent with 
disclosed embodiments. 

FIG. 5B is a flowchart showing an exemplary process 
for detecting one or more vehicles and/or pedestri­
ans in a set of images consistent with the disclosed 

embodiments. 
FIG. 5C is a flowchart showing an exemplary process 
for detecting road marks and/or lane geometry infor­

mation in a set of images consistent with the dis­

closed embodiments. 
FIG. 5D is a flowchart showing an exemplary process 
for detecting traffic lights in a set of images consistent 
with the disclosed embodiments. 
FIG. 5E is a flowchart showing an exemplary process 

for causing one or more navigational responses 

based on a vehicle path consistent with the disclosed 
embodiments. 
FIG. 5F is a flowchart showing an exemplary process 
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for determining whether a leading vehicle is chang­

ing lanes consistent with the disclosed embodi­

ments. 
FIG. 6 is a flowchart showing an exemplary process 
for causing one or more navigational responses 5 

based on stereo image analysis consistent with the 
disclosed embodiments. 

FIG. 7 is a flowchart showing an exemplary process 
for causing one or more navigational responses 
based on an analysis of three sets of images con- 10 

sistent with the disclosed embodiments. 
FIG. 8A is a diagrammatic representation of an ex­

emplary vehicle traveling within a first and a second 

lane constraint in which a lane offset condition exists 
on the first vehicle side consistent with the disclosed 15 

embodiments. 
FIG. 8B is a diagrammatic representation of an ex­
emplary vehicle traveling within a first and a second 
lane constraint in which a lane offset condition exists 

on the second vehicle side consistent with the dis- 20 

closed embodiments. 
FIG. 8C is a diagrammatic representation of an ex­
emplary vehicle traveling within a first and a second 

lane constraint on a curved road consistent with the 
disclosed embodiments. 25 

FIG. 8D is a diagrammatic representation of an ex­
emplary vehicle traveling within a first and a second 
lane constraint in which a lane offset condition exists 
on both the first vehicle side and on the second ve-
hicle side consistent with the disclosed embodi- 30 
ments. 
FIG. 9 is a diagrammatic representation of the mem­
ory of an exemplary navigation system consistent 

with the disclosed embodiments. 
FIG. 10 is a flowchart of an exemplary method for 35 

navigating a vehicle consistent with the disclosed 

embodiments. 
FIG 11 is a diagrammatic representation of an ex­
emplary vehicle including a navigation system 
traveling within a default lane consistent with the dis- 40 

closed embodiments. 
FIG 12A is a diagrammatic representation of the 

memory of an exemplary navigation system consist­

ent with the disclosed embodiments. 
FIG 12B is a flowchart of an exemplary process for 45 

navigating a vehicle consistent with the disclosed 

embodiments. 
FIGS. 13A and 13B arc diagrammatic representa­

tions of an exemplary vehicle approaching. and nav­
igating, a curve with one or more characteristics con- 50 

sistent with the disclosed embodiments. 
FIG. 14 is an exemplary block diagram of a memory 
configured to store instructions for performing one 
or more operations consistent with the disclosed em-
bodiments. 55 

FIG. 15 is a flow chart showing an exemplary process 
for controlling the velocity of a vehicle based on a 

detected curve and observed characteristics of the 

11 

curve consistent with disclosed embodiments. 

FIGS. 16A-16D are diagrammatic representations 
of a primary vehicle mimicking one or more actions 
of a leading vehicle consistent with the disclosed em­
bodiments. 
FIG. 17 is an exemplary block diagram of a memory 
configured to store instructions for performing one 

or more operations consistent with the disclosed em­

bodiments. 
FIG. 18 is a flow chart showing an exemplary process 
for causing a primary vehicle to mimic one or more 
actions of a leading vehicle consistent with disclosed 

embodiments. 

FIG. 19 is a flow chart showing an exemplary process 
for causing a primary vehicle to decline to mimic a 
turn of a leading vehicle consistent with disclosed 
embodiments. 
FIG. 20 is a flow chart showing an exemplary process 
for causing a primary vehicle to mimic or decline a 

turn of a leading vehicle consistent with disclosed 

embodiments. 
FIG. 21 is a flow chart showing another exemplary 
process for causing a primary vehicle to mimic one 
or more actions of a leading vehicle consistent with 

disclosed embodiments. 
FIG. 22 is a flow chart showing an exemplary process 
for causing a primary vehicle to mimic one or more 
actions of a leading vehicle based on a navigation 
history consistent with disclosed embodiments. 
FIG. 23 is a diagrammatic representation of an ex­

emplary vehicle traveling within a first and a second 
lane constraint on a roadway along on which another 
vehicle is traveling consistent with the disclosed em­

bodiments. 
FIG. 24A is a diagrammatic representation of a mem­

ory storing instructions for navigating a vehicle 
among encroaching vehicles consistent with the dis­

closed embodiments. 
FIG. 24B is a flowchart of an exemplary process for 
navigating a vehicle among encroaching vehicles 
consistent with the disclosed embodiments. 
FIG. 25 is a diagrammatic representation of an ex­

emplary vehicle traveling within a first and a second 
lane constraint on a roadway along on which another 
vehicle is traveling consistent with the disclosed em­

bodiments. 
FIG. 26 is a diagrammatic representation of a mem­

ory storing instructions for detecting and responding 

to traffic laterally encroaching on a vehicle consistent 
with the disclosed embodiments. 
FIG. 27 is a flowchart of an exemplary process for 
detecting and responding to traffic laterally en­
croaching on a vehicle consistent with the disclosed 
embodiments. 

FIGS. 28A and 28B are diagrammatic representa­
tions of causing a response in a primary vehicle con­

sistent with the disclosed embodiments. 
FIG. 29 is an exemplary block diagram of a memory 
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configured to store instructions for performing one 

or more operations consistent with the disclosed em­
bodiments. 
FIG. 30 is a flowchart showing an exemplary process 
for causing a response in a primary vehicle consist­
ent with disclosed embodiments. 
FIG. 31 is a flow chart showing an exemplary process 

for declining to cause a response in a primary vehicle 

consistent with disclosed embodiments. 
FIG. 32A is a diagrammatic representation of an ex­
emplary vehicle in which an object is present in the 
vicinity of vehicle consistent with the disclosed em­

bodiments. 

FIG. 32B illustrates an exemplary braking profile, 
consistent with the disclosed embodiments. 
FIG. 33 is a diagrammatic representation of the 
memory of an exemplary navigation system consist­
ent with the disclosed embodiments. 
FIG. 34 is a flowchart of an exemplary method for 

implementing a braking profile while navigating ave­

hicle consistent with the disclosed embodiments. 

DETAILED DESCRIPTION 

response to a laterally encroaching vehicle, such as a 

vehicle attempting to move into the lane within which the 
vehicle is traveling. 
[0052] FIG. 1 is a block diagram representation of a 

5 system 100 consistent with the exemplary disclosed em­

bodiments. System 100 may include various compo­
nents depending on the requirements of a particular im­

plementation. In some embodiments, system 100 may 
include a processing unit 110, an image acquisition unit 

10 120, a position sensor 130, one or more memory units 

140, 150, a map database 160, and a user interface 170. 
Processing unit 110 may include one or more processing 

devices. In some embodiments, processing unit 110 may 

include an applications processor 180, an image proc-
15 essor 190, or any other suitable processing device. Sim­

ilarly, image acquisition unit 120 may include any number 
of image acquisition devices and components depending 
on the requirements of a particular application. In some 
embodiments, image acquisition unit 120 may include 

20 one or more image capture devices (e.g., cameras), such 

as image capture device 122, image capture device 124, 
and image capture device 126. System 100 may also 
include a data interface 128 communicatively connecting 
processing device 110 to image acquisition device 120. 

[0050] The following detailed description refers to the 25 For example, data interface 128 may include any wired 
and/or wireless link or links for transmitting image data 
acquired by image accusation device 120 to processing 
unit 110. 

accompanying drawings. Wherever possible, the same 
reference numbers are used in the drawings and the fol­
lowing description to refer to the same or similar parts. 
While several illustrative embodiments are described 
herein, modifications, adaptations and other implemen- 30 

tations arc possible. For example, substitutions, addi­
tions or modifications may be made to the components 

illustrated in the drawings, and the illustrative methods 
described herein may be modified by substituting, reor­
dering, removing, or adding steps to the disclosed meth- 35 

ods. Accordingly, the following detailed description is not 

limited to the disclosed embodiments and examples. In­
stead, the proper scope is defined by the appended 
claims. 

[0053] Both applications processor 180 and image 
processor 190 may include various types of processing 

devices. For example, either or both of applications proc-
essor 180 and image processor 190 may include a mi­
croprocessor, preprocessors (such as an image preproc­
essor), graphics processors, a central processing unit 
(CPU), support circuits, digital signal processors, inte­

grated circuits, memory, or any other types of devices 

suitable for running applications and for image process­
ing and analysis. In some embodiments, applications 
processor 180 and/or image processor 190 may include 

[0051] Disclosed embodiments provide systems and 
methods that use cameras to provide autonomous nav­
igation features. In various embodiments, the system 

may include one, two or more cameras that monitor the 

environment of a vehicle. In one embodiment, the system 
may monitor and adjust the free space between a vehicle 

and the boundaries of the lane within which the vehicle 
is traveling. In another embodiment, the system may se­

lect a particular lane as a default lane for the vehicle to 

40 any type of single or multi-core processor, mobile device 

microcontroller, central processing unit, etc. Various 
processing devices may be used, including, for example, 

processors available from manufacturers such as Intel®, 
AMO®, etc. and may include various architectures (e.g., 

45 x86 processor, ARM®, etc.). 

use while traveling. In another embodiment, the system 
may control the speed of the vehicle in different scenar- so 
ios, such as while making a turn. In yet another embod­
iment, the system may mimic the actions of a leading 
vehicle. In yet another embodiment, the system may 
monitor a target vehicle and enable the vehicle to pass 
the target vehicle under certain conditions (e.g., if the 55 

target vehicle is traveling in a lane different from the lane 
within which the vehicle is traveling. In still yet another 
embodiment, the system may produce a natural feeling 

12 

[0054] In some embodiments, applications processor 
180 and/or image processor 190 may include any of the 

EyeQ series of processor chips available from Mobil-

eye®. These processor designs each include multiple 
processing units with local memory and instruction sets. 
Such processors may include video inputs for receiving 
image data from multiple image sensors and may also 
include video out capabilities. In one example, the 
EyeQ2® uses 90nm-micron technology operating at 

332Mhz. The EyeQ2® architecture consists of two float­
ing point, hyper-thread 32-bit RJSC CPUs (MIPS32® 
34K® cores), five Vision Computing Engines (VCE), 
three Vector Microcode Processors (VMP®), Denali 64-
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bit Mobile DOR Controller, 128-bit internal Sonics Inter­

connect, dual 16-bit Video input and 18-bit Video output 
controllers, 16 channels OMA and several peripherals. 
The MIPS34K CPU manages the five VCEs, three 
VMP™ and the OMA, the second MIPS34K CPU and the 5 

device suitable for determining a location associated with 

at least one component of system 100. In some embod­
iments, position sensor 130 may include a GPS receiver. 
Such receivers can determine a user position and veloc­
ity by processing signals broad casted by global position­
ing system satellites. Position information from position 
sensor 130 may be made available to applications proc­

essor 180 and/or image processor 190. 
[0059] User interface 170 may include any device suit-

multi-channel OMA as well as the other peripherals. The 
five VCEs, three VMP® and the MIPS34K CPU can per­

form intensive vision computations required by multi­

function bundle applications. In another example, the 
EyeQ3®, which is a third generation processor and is six 
times more powerful that the EyeQ2®, may be used in 

the disclosed embodiments. 
[0055] While FIG. 1 depicts two separate processing 

devices included in processing unit 110, more or fewer 
processing devices may be used. For example, in some 
embodiments, a single processing device may be used 
to accomplish the tasks of applications processor 180 
and image processor 190. In other embodiments, these 
tasks may be performed by more than two processing 

devices. 

10 able for providing information to or for receiving inputs 
from one or more users of system 100. In some embod­

iments, user interface 170 may include user input devic­
es, including, for example, a touchscreen, microphone, 

keyboard, pointer devices, track wheels, cameras, 
15 knobs, buttons, etc. With such input devices, a user may 

be able to provide information inputs or commands to 
system 100 by typing instructions or information, provid­
ing voice commands, selecting menu options on a screen 
using buttons, pointers, or eye-tracking capabilities. or 

[0056] Processing unit 110 may comprise various 
types of devices. For example, processing unit 110 may 

include various devices, such as a controller, an image 
preprocessor, a central processing unit (CPU), support 

20 through any other suitable techniques for communicating 
information to system 100. 

circuits. digital signal processors, integrated circuits, 25 

memory, or any other types of devices for image process-
ing and analysis. The image preprocessor may include 
a video processorforcapturing, digitizing and processing 
the imagery from the image sensors. The CPU may com-

[0060] User interface 170 may be equipped with one 
or more processing devices configured to provide and 

receive information to or from a user and process that 

information for use by, for example, applications proces­
sor 180. In some embodiments, such processing devices 
may execute instructions for recognizing and tracking 
eye movements, receiving and interpreting voice com­
mands, recognizing and interpreting touches and/or ges-

priseanynumberofmicrocontrollersormicroprocessors. 30 lures made on a touchscreen, responding to keyboard 

The support circuits may be any number of circuits gen­
erally well known in the art, including cache, power sup-
ply, clock and input-output circuits. The memory may 

store software that, when executed by the processor, 
controls the operation of the system. The memory may 35 

include databases and image processing software. The 

memory may comprise any number of random access 
memories, read only memories, flash memories, disk 
drives, optical storage, tape storage, removable storage 
and other types of storage. In one instance, the memory 40 

may be separate from the processing unit 110. In another 
instance, the memory may be integrated into the process-

ing unit 110. 
[0057] Each memory 140, 150 may include software 
instructions that when executed by a processor (e.g., ap- 45 

plications processor 180 and/or image processor 190), 

entries or menu selections, etc. In some embodiments, 
user interface 170 may include a display, speaker, tactile 
device, and/or any other devices for providing output in­

formation to a user. 
[0061] Map database 160 may include any type of da­

tabase for storing map data useful to system 100. In some 

embodiments, map database 160 may include data re­
lating to the position, in a reference coordinate system, 
of various items, including roads, water features, geo­
graphic features, businesses, points of interest, restau­
rants, gas stations, etc. Map database 160 may store not 
only the locations of such items, but also descriptors re­

lating to those items, including, for example, names as­
sociated with any of the stored features. In some embod­
iments. map database 160 may be physically located with 
other components of system 100. Alternatively or addi­
tionally, map database 160 or a portion thereof may be 

located remotely with respect to other components of 

system 100 (e.g., processing unit 110). In such embod­
iments, information from map database 160 may be 
downloaded over a wired or wireless data connection to 
a network (e.g., over a cellular network and/or the Inter­
net, etc.). 
[0062] Image capture devices 122, 124, and 126 may 

may control operation of various aspects of system 100. 

These memory units may include various databases and 

image processing software. The memory units may in­
clude random access memory, read only memory, flash 50 

memory, disk drives, optical storage, tape storage, re­
movable storage and/or any other types of storage. In 
some embodiments, memory units 140, 150 may be sep­
arate from the applications processor 180 and/or image 

processor 190. In other embodiments, these memory 
units may be integrated into applications processor 180 
and/or image processor 190. 

55 each include any type of device suitable for capturing at 

least one image from an environment. Moreover, any 
number of image capture devices may be used to acquire 
images for input to the image processor. Some embod-[0058] Position sensor 130 may include any type of 
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iments may include only a single image capture device, 

while other embodiments may include two, three, or even 
four or more image capture devices. Image capture de­
vices 122, 124, and 126 will be further described with 
reference to FIGS. 2B-2E, below. 
[0063] System 100, or various components thereof, 
may be incorporated into various different platforms. In 

some embodiments, system 100 may be included on a 

vehicle 200, as shown in FIG. 2A. For example, vehicle 
200 may be equipped with a processing unit 110 and any 

of the other components of system 100, as described 
above relative to FIG. 1. While in some embodiments 
vehicle 200 may be equipped with only a single image 

capture device (e.g., camera), in other embodiments, 
such as those discussed in connection with FIGS. 2B-
2E, multiple image capture devices may be used. For 
example, either of image capture devices 122 and 124 
of vehicle 200, as shown in FIG. 2A, may be part of an 
ADAS (Advanced Driver Assistance Systems) imaging 

set. 
[0064] The image capture devices included on vehicle 
200 as part of the image acquisition unit 120 may be 
positioned at any suitable location. In some embodi­

ments, as shown in FIGS. 2A-2E and 3A-3C, image cap-

and memory units 140 and 150. 

[0067] FIG. 2A is a diagrammatic side view represen­
tation of an exemplary vehicle imaging system consistent 
with the disclosed embodiments. FIG. 2B is a diagram-

s matic top view illustration of the embodiment shown in 

FIG. 2A. As illustrated in FIG. 2B, the disclosed embod­
iments may include a vehicle 200 including in its body a 

system 100 with a first image capture device 122 posi­
tioned in the vicinity of the rearview mirror and/or near 

10 the driver of vehicle 200, a second image capture device 
124 positioned on or in a bumper region (e.g., one of 
bumper regions 210) of vehicle 200, and a processing 

unit 110. 

[0068] As illustrated in FIG. 2C, image capture devices 
15 122 and 124 may both be positioned in the vicinity of the 

rearview mirror and/or near the driver of vehicle 200. Ad­
ditionally, while two image capture devices 122 and 124 
are shown in FIGS. 2B and 2C, it should be understood 
that other embodiments may include more than two im-

20 age capture devices. For example, in the embodiments 

shown in FIGS. 2D and 2E, first, second, and third image 
capture devices 122, 124, and 126, are included in the 
system 100 of vehicle 200. 

lure device 122 may be located in the vicinity of the rear- 25 

[0069] As illustrated in FIG. 2D, image capture device 

122 may be positioned in the vicinity of the rearview mirror 
and/or near the driver of vehicle 200, and image capture 
devices 124 and 126 may be positioned on or in a bumper 

view mirror. This position may provide a line of sight sim­
ilar to that of the driver of vehicle 200, which may aid in 
determining what is and is not visible to the driver. Image 
capture device 122 may be positioned at any location 
near the rearview mirror, but placing image capture de- 30 

vice 122 on the driver side of the mirror may further aid 
in obtaining images representative of the driver's field of 
view and/or line of sight. 
[0065] Other locations for the image capture devices 
of image acquisition unit 120 may also be used. For ex- 35 

ample, image capture device 124 may be located on or 

in a bumper of vehicle 200. Such a location may be es­
pecially suitable for image capture devices having a wide 
field of view. The line of sight of bumper-located image 
capture devices can be different from that of the driver 40 

and, therefore, the bumper image capture device and 
driver may not always see the same objects. The image 

capture devices (e.g., image capture devices 122, 124, 
and 126) may also be located in other locations. For ex­
ample, the image capture devices may be located on or 45 

in one or both of the side mirrors of vehicle 200, on the 
roof of vehicle 200, on the hood of vehicle 200, on the 
trunk of vehicle 200, on the sides of vehicle 200, mounted 

on, positioned behind, or positioned in front of any of the 
windows of vehicle 200, and mounted in or near light 50 

figures on the front and/or back of vehicle 200, etc. 
[0066] In addition to image capture devices, vehicle 
200 may include various other components of system 
100. For example, processing unit 110 may be included 
on vehicle 200 either integrated with or separate from an 55 

engine control unit (ECU) of the vehicle. Vehicle 200 may 

also be equipped with a position sensor 130, such as a 
G PS receiver and may also include a map database 160 

14 

region (e.g., one of bumper regions 210) of vehicle 200. 
And as shown in FIG. 2E, image capture devices 122, 
124, and 126 may be positioned in the vicinity of the rear­

view mirror and/or near the driver seat of vehicle 200. 
The disclosed embodiments are not limited to any par­
ticular number and configuration of the image capture 
devices, and the image capture devices may be posi­
tioned in any appropriate location within and/or on vehicle 

200. 
[0070] It is to be understood that the disclosed embod­

iments are not limited to vehicles and could be applied 
in other contexts. It is also to be understood that disclosed 
embodiments are not limited to a particular type of vehicle 
200 and may be applicable to all types of vehicles includ­
ing automobiles, trucks, trailers, and other types of vehi­

cles. 
[0071] The first image capture device 122 may include 
any suitable type of image capture device. Image capture 

device 122 may include an optical axis. In one instance, 
the image capture device 122 may include an Aptina 

M9V024 WVGA sensor with a global shutter. In other 

embodiments, image capture device 122 may provide a 
resolution of 1280x960 pixels and may include a rolling 
shutter. Image capture device 122 may include various 
optical elements. In some embodiments one or more 
lenses may be included, for example, to provide a desired 
focal length and field of view for the image capture device. 

In some embodiments, image capture device 122 may 

be associated with a 6mm lens or a 12mm lens. In some 
embodiments, image capture device 122 may be config­
ured to capture images having a desired field-of-view 
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(FOV) 202, as illustrated in FIG. 2D. For example, image 

capture device 122 may be configured to have a regular 
FOV. such as within a range of 40 degrees to 56 degrees, 
including a 46 degree FOV, 50 degree FOV. 52 degree 

elude a rolling shutter. Like image capture device 122, 

image capture devices 124 and 126 may be configured 
to include various tenses and optical elements. In some 

FOV. or greater. Alternatively, image capture device 122 5 

embodiments, lenses associated with image capture de­
vices 124 and 126 may provide FOVs (such as FOVs 
204 and 206) that are the same as, or narrower than, a may be configured to have a narrow FOV in the range of 

23 to 40 degrees, such as a 28 degree FOV or 36 degree 

FOV. In addition, image capture device 122 may be con­
figured to have a wide FOV in the range of 100 to 180 
degrees. In some embodiments, image capture device 
122 may include a wide angle bumper camera or one 
with up to a 180 degree FOV. 

[0072] The first image capture device 122 may acquire 

a plurality of first images relative to a scene associated 
with the vehicle 200. Each of the plurality of first images 
may be acquired as a series of image scan lines, which 
may be captured using a rolling shutter. Each scan line 
may include a plurality of pixels. 
[0073] The first image capture device 122 may have a 

FOV (such as FOV 202) associated with image capture 

device 122. For example, image capture devices 124 and 
126 may have FOVs of 40 degrees, 30 degrees, 26 de-

10 grees, 23 degrees, 20 degrees, or less. 
[0077] Image capture devices 124 and 126 may ac­
quire a plurality of second and third images relative to a 

scene associated with the vehicle 200. Each of the plu­

rality of second and third images may be acquired as a 
15 second and third series of image scan lines, which may 

be captured using a rolling shutter. Each scan line or row 
may have a plurality of pixels. Image capture devices 124 
and 126 may have second and third scan rates associ-

scan rate associated with acquisition of each of the first 20 

series of image scan lines. The scan rate may refer to a 

ated with acquisition of each of image scan lines included 

in the second and third series. 
[0078] Each image capture device 122, 124. and 126 
may be positioned at any suitable position and orientation 
relative to vehicle 200. The relative positioning of the im­

age capture devices 122, 124, and 126 may be selected 

rate at which an image sensor can acquire image data 

associated with each pixel included in a particular scan 
line. 

[0074] Image capture devices 122, 124, and 126 may 
contain any suitable type and number of image sensors, 
including CCD sensors or CMOS sensors, for example. 
In one embodiment, a CMOS image sensor may be em­
ployed along with a rolling shutter, such that each pixel 
in a row is read one at a time, and scanning of the rows 

proceeds on a row-by-row basis until an entire image 

frame has been captured. In some embodiments, the 
rows may be captured sequentially from top to bottom 

relative to the frame. 
[0075] The use of a rolling shutter may result in pixels 

in different rows being exposed and captured at different 

times, which may cause skew and other image artifacts 
in the captured image frame. On the other hand, when 
the image capture device 122 is configured to operate 
with a global or synchronous shutter, all of the pixels may 
be exposed for the same amount of time and during a 
common exposure period. As a result, the image data in 

a frame collected from a system employing a global shut-
ter represents a snapshot of the entire FOV (such as 
FOV 202) at a particular time. In contrast, in a rolling 

shutter application, each row in a frame is exposed and 
data is capture at different times. Thus, moving objects 

may appear distorted in an image capture device having 

a rolling shutter. This phenomenon will be described in 

25 to aid in fusing together the information acquired from 

the image capture devices. For example, in some em­
bodiments, a FOV (such as FOV 204) associated with 
image capture device 124 may overlap partially or fully 
with a FOV (such as FOV 202) associated with image 

30 capture device 122 and a FOV (such as FOV 206) asso­

ciated with image capture device 126. 
[0079] Image capture devices 122, 124, and 126 may 
be located on vehicle 200 at any suitable relative heights. 
In one instance, there may be a height difference be-

35 tween the image capture devices 122. 124, and 126, 

which may provide sufficient parallax information to en­

able stereo analysis. For example, as shown in FIG. 2A, 
the two image capture devices 122 and 124 are at differ­
ent heights. There may also be a lateral displacement 

40 difference between image capture devices 122, 124, and 

126, giving additional parallax information for stereo anal­
ysis by processing unit 110, for example. The difference 

in the lateral displacement may be denoted by dx, as 

shown in FIGS. 2C and 2D. In some embodiments, fore 
45 or aft displacement (e.g., range displacement) may exist 

between image capture devices 122, 124, and 126. For 
example, image capture device 122 may be located 0.5 

to 2 meters or more behind image capture device 124 

greater detail below. so 
and/or image capture device 126. This type of displace­
ment may enable one of the image capture devices to 
cover potential blind spots of the other image capture [0076] The second image capture device 124 and the 

third image capturing device 126 may be any type of im-
age capture device. Like the first image capture device 
122, each of image capture devices 124 and 126 may 

include an optical axis. In one embodiment, each of im­
age capture devices 124 and 126 may include an Aptina 
M9V024 WVGA sensor with a global shutter. Alternative-
ly, each of image capture devices 124 and 126 may in-

device(s). 
[0080] Image capture devices 122 may have any suit­
able resolution capability (e.g., number of pixels associ-

55 ated with the image sensor), and the resolution of the 

image sensor(s) associated with the image capture de­
vice 122 may be higher, lower, or the same as the reso­
lution of the image sensor( s) associated with image cap-
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lure devices 124 and 126. In some embodiments, the 

image sensor(s) associated with image capture device 
122 and/or image capture devices 124 and 126 may have 
a resolution of 640 x 480, 1024 x 768, 1280 x 960, or any 
other suitable resolution. 
[0081] The frame rate (e.g., the rate at which an image 
capture device acquires a set of pixel data of one image 

frame before moving on to capture pixel data associated 
with the next image frame) may be controllable. The 
frame rate associated with image capture device 122 
may be higher, lower, or the same as the frame rate as­
sociated with image capture devices 124 and 126. The 

frame rate associated with image capture devices 122, 

124, and 126 may depend on a variety of factors that 
may affect the timing of the frame rate. For example, one 
or more of image capture devices 122, 124, and 126 may 
include a selectable pixel delay period imposed before 
or after acquisition of image data associated with one or 
more pixels of an image sensor in image capture device 

require some minimum amount of time. Assuming no pix­

el delay periods are added, this minimum amount of time 
for acquisition of a row of image data will be related to 
the maximum line scan rate for a particular device. De-

5 vices that offer higher maximum line scan rates have the 

potential to provide higher frame rates than devices with 
lower maximum line scan rates. In some embodiments, 

one or more of image capture devices 124 and 126 may 
have a maximum line scan rate that is higher than a max-

10 imum line scan rate associated with image capture de­

vice 122. In some embodiments, the maximum line scan 
rate of image capture device 124 and/or 126 maybe 1.25, 
1.5, 1. 75, or 2 times or more than a maximum line scan 

rate of image capture device 122. 
15 [0085] In another embodiment, image capture devices 

122, 124, and 126 may have the same maximum line 
scan rate, but image capture device 122 may be operated 
at a scan rate less than or equal to its maximum scan 

122, 124, and/or 126. Generally, image data correspond- 20 

ing to each pixel may be acquired according to a clock 

rate. The system may be configured such that one or 

more of image capture devices 124 and 126 operate at 
a line scan rate that is equal to the line scan rate of image 

rate for the device (e.g., one pixel per clock cycle). Ad­
ditionally, in embodiments including a rolling shutter, one 

or more of image capture devices 122, 124, and 126 may 

capture device 122. In other instances, the system may 
be configured such that the line scan rate of image cap­
ture device 124 and/or image capture device 126 may 

include a selectable horizontal blanking period imposed 25 be 1.25, 1.5, 1. 75, or 2 times or more than the line scan 

before or after acquisition of image data associated with 
a row of pixels of an image sensor in image capture de-
vice 122, 124, and/or 126. Further, one or more of image 
capture devices 122, 124, and/or 126 may include a se­
lectable vertical blanking period imposed before or after 

acquisition of image data associated with an image frame 

of image capture device 122, 124, and 126. 
[0082] These timing controls may enable synchroniza-
tion offrame rates associated with image capture devices 

122, 124, and 126, even where the line scan rates of 
each are different. Additionally, as will be discussed in 

greater detail below, these selectable timing controls, 
among other factors (e.g., image sensor resolution, max­
imum line scan rates, etc.) may enable synchronization 

rate of image capture device 122. 
[0086] In some embodiments, image capture devices 
122, 124, and 126 may be asymmetric. That is, they may 
include cameras having different fields of view (FOV) and 

30 focal lengths. The fields of view of image capture devices 

122, 124, and 126 may include any desired area relative 

to an environment of vehicle 200, for example. In some 
embodiments, one or more of image capture devices 
122, 124, and 126 may be configured to acquire image 

35 data from an environment in front of vehicle 200, behind 

vehicle 200, to the sides of vehicle 200, or combinations 

thereof. 

of image capture from an area where the FOV of image 40 

capture device 122 overlaps with one or more FOVs of 
image capture devices 124 and 126, even where the field 

[0087] Further, the focal length associated with each 
image capture device 122, 124, and/or 126 may be se­
lectable (e.g., by inclusion of appropriate lenses etc.) 
such that each device acquires images of objects at a 
desired distance range relative to vehicle 200. For ex­

ample, in some embodiments image capture devices 
122, 124, and 126 may acquire images of close-up ob-

of view of image capture device 122 is different from the 
FOVs of image capture devices 124 and 126. 
[0083] Frame rate timing in image capture device 122. 
124, and 126 may depend on the resolution of the asso­
ciated image sensors. For example, assuming similar line 

45 jects within a few meters from the vehicle. Image capture 

devices 122, 124, and 126 may also be configured to 

scan rates for both devices, if one device includes an 
image sensor having a resolution of 640 x 480 and an­
other device includes an image sensor with a resolution 50 

of 1280 x 960, then more time will be required to acquire 

acquire images of objects at ranges more distant from 

the vehicle (e.g., 25 m, 50 m, 100 m, 150 m, or more). 

Further, the focal lengths of image capture devices 122, 
124, and 126 may be selected such that one image cap­
ture device (e.g., image capture device 122) can acquire 
images of objects relatively close to the vehicle (e.g., 
within 10 m or within 20 m) while the other image capture 
devices (e.g., image capture devices 124 and 126) can 

a frame of image data from the sensor having the higher 
resolution. 
[0084] Another factor that may affect the timing of im­

age data acquisition in image capture devices 122, 124, 

and 126 is the maximum line scan rate. For example. 
acquisition of a row of image data from an image sensor 

included in image capture device 122, 124, and 126 will 

55 acquire images of more distant objects (e.g., greater than 

20 m, 50 m, 100 m, 150 m, etc.) from vehicle 200. 
[0088] According to some embodiments, the FOV of 

one or more image capture devices 122, 124, and 126 
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may have a wide angle. For example, it may be advan­

tageous to have a FOV of 140 degrees, especially for 
image capture devices 122, 124, and 126 that may be 
used to capture images of the area in the vicinity of vehicle 

vehicle 200 (e.g., by causing an acceleration, a turn, a 

lane shift, etc.). Further, system 100 may receive inputs 
from one or more of throttling system 220, braking system 

200. For example, image capture device 122 may be 5 

230, and steering system 24 indicating operating condi­
tions of vehicle 200 ( e.g., speed, whether vehicle 200 is 
braking and/or turning, etc.). Further details are provided used to capture images of the area to the right or left of 

vehicle 200 and, in such embodiments, it may be desir­

able for image capture device 122 to have a wide FOV 
(e.g., at least 140 degrees). 
[0089] The field of view associated with each of image 

capture devices 122, 124, and 126 may depend on the 
respective focal lengths. For example, as the focal length 
increases, the corresponding field of view decreases. 

[0090] Image capture devices 122, 124, and 126 may 
be configured to have any suitable fields of view. In one 
particular example, image capture device 122 may have 
a horizontal FOV of 46 degrees, image capture device 

in connection with FIGS. 4-7, below. 

[0093] As shown in FIG. 3A, vehicle 200 may also in­
clude a user interface 170 for interacting with a driver or 

10 a passenger of vehicle 200. For example, user interface 
170 in a vehicle application may include a touch screen 

320, knobs 330, buttons 340, and a microphone 350. A 
driver or passenger of vehicle 200 may also use handles 

(e.g., located on or near the steering column of vehicle 
15 200 including, for example, turn signal handles), buttons 

(e.g., located on the steering wheel of vehicle 200), and 
the like, to interact with system 100. In some embodi­
ments, microphone 350 may be positioned adjacent to a 124 may have a horizontal FOVof23 degrees, and image 

capture device 126 may have a horizontal FOV in be­

tween 23 and 46 degrees. In another instance, image 20 

capture device 122 may have a horizontal FOV of 52 

rearview mirror 310. Similarly, in some embodiments, im­

age capture device 122 may be located near rearview 

mirror 310. In some embodiments, user interface 170 
degrees, image capture device 124 may have a horizon-
tal FOV of 26 degrees, and image capture device 126 

may also include one or more speakers 360 (e.g., speak­
ers of a vehicle audio system). For example, system 100 
may provide various notifications (e.g., alerts) via speak-may have a horizontal FOY in between 26 and 52 de­

grees. In some embodiments, a ratio of the FOY of image 
capture device 122 to the FOVs of image capture device 

25 ers 360. 

124 and/or image capture device 126 may vary from 1.5 
to 2.0. In other embodiments, this ratio may vary between 
1.25 and 2.25. 

[0094] FIGS. 3B-3D are illustrations of an exemplary 
camera mount 370 configured to be positioned behind a 
rearview mirror (e.g., rearview mirror 310) and against a 
vehicle windshield, consistent with disclosed embodi-

[0091] System 100 may be configured so that a field 

of view of image capture device 122 overlaps, at least 
partially or fully, with a field of view of image capture 
device 124 and/or image capture device 126. In some 
embodiments, system 100 may be configured such that 

30 ments. As shown in FIG. 3B, camera mount 370 may 

the fields of view of image capture devices 124 and 126, 35 

for example, fall within (e.g., are narrower than) and share 

include image capture devices 122, 124, and 126. Image 
capture devices 124 and 126 may be positioned behind 
a glare shield 380, which may be flush against the vehicle 
windshield and include a composition of film and/or anti­
reflective materials. For example, glare shield 380 may 

be positioned such that it aligns against a vehicle wind-

shield having a matching slope. In some embodiments, 
each of image capture devices 122, 124, and 126 may 
be positioned behind glare shield 380, as depicted, for 

a common center with the field of view of image capture 
device 122. In other embodiments, the image capture 
devices 122, 124, and 126 may capture adjacent FOVs 
or may have partial overlap in their FOVs. In some em­
bodiments, the fields of view of image capture devices 
122, 124, and 126 may be aligned such that a center of 

the narrower FOV image capture devices 124 and/or 126 

40 example, in FIG. 3D. The disclosed embodiments are 

not limited to any particular configuration of image cap­
ture devices 122, 124, and 126, camera mount 370, and 

glare shield 380. FIG. 3C is an illustration of camera 
may be located in a lower half of the field of view of the 
wider FOV device 122. 45 

[0092] FIG. 2F is a diagrammatic representation of ex­
emplary vehicle control systems, consistent with the dis­

closed embodiments. As indicated in FIG. 2F, vehicle 

200 may include throttling system 220, braking system 
230, and steering system 240. System 100 may provide 50 

inputs (e.g., control signals) to one or more of throttling 
system 220, braking system 230, and steering system 
240 over one or more data links (e.g., any wired and/or 
wireless link or links for transmitting data). For example, 
based on analysis of images acquired by image capture 55 

devices 122, 124, and/or 126, system 100 may provide 
control signals to one or more of throttling system 220, 
braking system 230, and steering system 240 to navigate 

17 

mount 370 shown in FIG. 3B from a front perspective. 
[0095] As will be appreciated by a person skilled in the 
art having the benefit of this disclosure, numerous vari­
ations and/or modifications may be made to the foregoing 

disclosed embodiments. For example, not all compo-

nents are essential for the operation of system 100. Fur­
ther, any component may be located in any appropriate 
part of system 100 and the components may be rear-
ranged into a variety of configurations while providing the 
functionality of the disclosed embodiments. Therefore, 
the foregoing configurations are examples and, regard­

less of the configurations discussed above, system 100 
can provide a wide range of functionality to analyze the 
surroundings of vehicle 200 and navigate vehicle 200 in 
response to the analysis. 
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[0096] As discussed below in further detail and con­

sistent with various disclosed embodiments, system 100 
may provide a variety of features related to autonomous 
driving and/or driver assist technology. For example, sys­
tem 100 may analyze image data, position data (e.g., 
GPS location information), map data, speed data, and/or 
data from sensors included in vehicle 200. System 100 

may collect the data for analysis from, for example, image 

acquisition unit 120, position sensor 130, and other sen­
sors. Further, system 100 may analyze the collected data 

to determine whether or not vehicle 200 should take a 
certain action, and then automatically take the deter­
mined action without human intervention. For example, 

when vehicle 200 navigates without human intervention, 
system 100 may automatically control the braking, ac­
celeration, and/or steering of vehicle 200 (e.g., by send­
ing control signals to one or more of throttling system 
220, braking system 230, and steering system 240). Fur-
ther, system 100 may analyze the collected data and 

issue warnings and/or alerts to vehicle occupants based 
on the analysis of the collected data. 

image analysis of images provided by the first camera, 

and the second camera may be connected to a second 
image processor to perform monocular image analysis 
of images provided by the second camera. The outputs 

5 (e.g., processed information) of the first and second im­

age processors may be combined. In some embodi­
ments, the second image processor may receive images 

from both the first camera and second camera to perform 
stereo analysis. In another embodiment, system 100 may 

10 use a three-camera imaging system where each of the 
cameras has a different field of view. Such a system may, 

therefore, make decisions based on information derived 
from objects located at varying distances both forward 

and to the sides of the vehicle. References to monocular 
15 image analysis may refer to instances where image anal­

ysis is performed based on images captured from a single 
point of view (e.g., from a single camera). Stereo image 
analysis may refer to instances where image analysis is 
performed based on two or more images captured with 

20 one or more variations of an image capture parameter. 
For example, captured images suitable for performing 

[0097] Further, consistent with disclosed embodi­
ments, the functionality provided by system 100 may 
cause vehicle 200 to take different actions to navigate 

vehicle 200 within a lane and/or relative to other vehicles 25 

stereo image analysis may include images captured: 

from two or more different positions, from different fields 
of view, using different focal lengths, along with parallax 

information, etc. 
[0099] For example, in one embodiment, system 100 
may implement a three camera configuration using im­
age capture devices 122-126. In such a configuration, 
image capture device 122 may provide a narrow field of 

and/or objects. For example, system 100 may adjust the 
positioning of vehicle 200 relative to a lane within which 
vehicle 200 is traveling and/or relative to objects posi­
tioned near vehicle 200, select a particular lane for vehi­
cle 200 to use while traveling, and take action in response 

to an encroaching vehicle, such as a vehicle attempting 
to move into the lane within which vehicle 200 is traveling. 
Additionally, system 100 may control the speed of vehicle 

200 in different scenarios, such as when vehicle 200 is 

30 view (e.g., 34 degrees, or other values selected from a 

range of about 20 to 45 degrees, etc.), image capture 
device 124 may provide a wide field of view (e.g., 150 
degrees or other values selected from a range of about 

making a turn. System 100 may further cause vehicle 35 

200 to mimic the actions of a leading vehicle or monitor 

a target vehicle and navigate vehicle 200 so that it passes 
the target vehicle. Additional details regarding the various 
embodiments that are provided by system 100 are pro-
vided below. 40 

Forward-Facing Multi-Imaging System 

[0098] As discussed above, system 100 may provide 
drive assist functionality that uses a multi-camera sys- 45 

tern. The multi-camera system may use one or more cam-
eras facing in the forward direction of a vehicle. In other 

embodiments, the multi-camera system may include one 

or more cameras facing to the side of a vehicle or to the 
rear of the vehicle. In one embodiment, for example, sys- 50 

tern 100 may use a two-camera imaging system, where 
a first camera and a second camera (e.g., image capture 
devices 122 and 124) may be positioned at the front 
and/or the sides of a vehicle (e.g., vehicle 200). The first 
camera may have a field of view that is greater than, less 55 

than, or partially overlapping with, the field of view of the 
second camera. In addition, the first camera may be con­
nected to a first image processor to perform monocular 

18 

100 to about 180 degrees), and image capture device 
126 may provide an intermediate field of view (e.g., 46 

degrees or other values selected from a range of about 

35 to about 60 degrees). In some embodiments, image 
capture device 126 may act as a main or primary camera. 
Image capture devices 122-126 may be positioned be­
hind rearview mirror 310 and positioned substantially 
side-by-side (e.g., 6 cm apart). Further, in some embod­
iments, as discussed above, one or more of image cap­

ture devices 122-126 may be mounted behind glare 

shield 380 that is flush with the windshield of vehicle 200. 
Such shielding may act to minimize the impact of any 
reflections from inside the car on image capture devices 
122-126. 

[0100] In another embodiment, as discussed above in 

connection with FIGS. 3B and 3C, the wide field of view 
camera (e.g., image capture device 124 in the above 
example) may be mounted lower than the narrow and 
main field of view cameras (e.g., image devices 122 and 
126 in the above example). This configuration may pro­
vide a free line of sight from the wide field of view camera. 

To reduce reflections, the cameras may be mounted 

close to the windshield of vehicle 200, and may include 
polarizers on the cameras to damp reflected light. 
[0101] A three camera system may provide certain per-
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formance characteristics. For example, some embodi­

ments may include an ability to validate the detection of 
objects by one camera based on detection results from 
another camera. In the three camera configuration dis­
cussed above, processing unit 110 may include, for ex­
ample, three processing devices (e.g., three EyeQ series 
of processor chips, as discussed above), with each 

processing device dedicated to processing images cap­
tured by one or more of image capture devices 122-126. 
[0102] In a three camera system, a first processing de­
vice may receive images from both the main camera and 

the narrow field of view camera, and perform vision 
processing of the narrow FOV camera to, for example, 

detect other vehicles, pedestrians, lane marks, traffic 
signs, traffic lights, and other road objects. Further, the 
first processing device may calculate a disparity of pixels 
between the images from the main camera and the nar-
row camera and create a 3D reconstruction of the envi­
ronment of vehicle 200. The first processing device may 

image capture devices 122 and 124 may provide images 

for stereo analysis by system 100 for navigating vehicle 
200, while image capture device 126 may provide images 
for monocular analysis by system 100 to provide redun-

5 dancy and validation of information obtained based on 

images captured from image capture device 122 and/or 
image capture device 124. That is, image capture device 

126 (and a corresponding processing device) may be 
considered to provide a redundant sub-system for pro-

10 viding a check on the analysis derived from image cap­
ture devices 122 and 124 (e.g., to provide an automatic 
emergency braking (AEB) system). 
[0107] One of skill in the art will recognize that the 

above camera configurations, camera placements, 
15 number of cameras, camera locations, etc., are exam­

ples only. These components and others described rel­
ative to the overall system may be assembled and used 
in a variety of different configurations without departing 

then combine the 3D reconstruction with 3D map data or 20 

with 3D information calculated based on information from 

from the scope of the disclosed embodiments. Further 

details regarding usage of a multi-camera system to pro­
vide driver assist and/or autonomous vehicle functional­
ity follow below. another camera. 

[0103] The second processing device may receive im­
ages from main camera and perform vision processing 

to detect other vehicles, pedestrians, lane marks, traffic 
signs, traffic lights, and other road objects. Additionally, 
the second processing device may calculate a camera 
displacement and, based on the displacement, calculate 
a disparity of pixels between successive images and ere-

[0108] FIG. 4 is an exemplary functional block diagram 
of memory 140 and/or 150, which may be stored/pro-

25 grammed with instructions for performing one or more 

operations consistent with the disclosed embodiments. 
Although the following refers to memory 140, one of skill 
in the art will recognize that instructions may be stored 
in memory 140 and/or 150. 

ate a 3D reconstruction of the scene (e.g., a structure 30 [0109] As shown in FIG. 4, memory 140 may store a 

monocular image analysis module 402, a stereo image from motion). The second processing device may send 

the structure from motion based 3D reconstruction to the 
first processing device to be combined with the stereo 
3D images. 
[0104] The third processing device may receive imag- 35 

analysis module 404, a velocity and acceleration module 
406, and a navigational response module 408. The dis­
closed embodiments are not limited to any particular con­
figuration of memory 140. Further, application processor 

180 and/or image processor 190 may execute the in-es from the wide FOV camera and process the images 

to detect vehicles, pedestrians, lane marks, traffic signs, 
traffic lights, and other road objects. The third processing 
device may further execute additional processing instruc­
tions to analyze images to identify objects moving in the 40 

structions stored in any of modules 402-408 included in 

memory 140. One of skill in the art will understand that 
references in the following discussions to processing unit 
110 may refer to application processor 180 and image 
processor 190 individually or collectively. Accordingly, image, such as vehicles changing lanes, pedestrians, 

etc. 

[0105] In some embodiments, having streams of im­
age-based information captured and processed inde­
pendently may provide an opportunity for providing re- 45 

dundancy in the system. Such redundancy may include, 

steps of any of the following processes may be performed 

by one or more processing devices. 
[0110] In one embodiment, monocular image analysis 
module 402 may store instructions (such as computer 
vision software )which, when executed by processing unit 

for example, using a first image capture device and the 

images processed from that device to validate and/or 

supplement information obtained by capturing and 
processing image information from at least a second im­
age capture device. 
[0106] In some embodiments, system 100 may use two 
image capture devices (e.g., image capture devices 122 
and 124) in providing navigation assistance for vehicle 

200 and use a third image capture device (e.g., image 
capture device 126) to provide redundancy and validate 
the analysis of data received from the other two image 
capture devices. For example, in such a configuration, 

110, performs monocular image analysis of a set of im­

ages acquired by one of image capture devices 122, 124, 

and 126. In some embodiments, processing unit 110 may 
50 combine information from a set of images with additional 

sensory information (e.g., information from radar) to per­
form the monocular image analysis. As described in con­
nection with FIGS. 5A-5D below, monocular image anal­
ysis module 402 may include instructions for detecting a 

55 set of features within the set of images, such as lane 

markings, vehicles, pedestrians, road signs, highway exit 
ramps, traffic lights, hazardous objects, and any other 
feature associated with an environment of a vehicle. 
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Based on the analysis, system 100 (e.g., via processing 

unit 110) may cause one or more navigational responses 
in vehicle 200, such as a turn, a lane shift, a change in 
acceleration, and the like, as discussed below in connec-
tion with navigational response module 408. 5 

[0111] In one embodiment, stereo image analysis 
module 404 may store instructions (such as computer 

vision software) which. when executed by processing unit 

ing unit 110 to determine a desired navigational response 
based on data derived from execution of monocular im­

age analysis module 402 and/or stereo image analysis 
module 404. Such data may include position and speed 
information associated with nearby vehicles, pedestri­
ans, and road objects, target position information for ve­
hicle 200, and the like. Additionally, in some embodi­

ments, the navigational response may be based (partially 
or fully) on map data, a predetermined position of vehicle 110, performs stereo image analysis of first and second 

sets of images acquired by a combination of image cap­
ture devices selected from any of image capture devices 

122, 124, and 126. In some embodiments, processing 

10 200, and/or a relative velocity or a relative acceleration 
between vehicle 200 and one or more objects detected 

unit 110 may combine information from the first and sec-

ond sets of images with additional sensory information 
(e.g., information from radar) to perform the stereo image 15 

analysis. For example. stereo image analysis module 
404 may include instructions for performing stereo image 
analysis based on a first set of images acquired by image 
capture device 124 and a second set of images acquired 

by image capture device 126. As described in connection 20 

with FIG. 6 below, stereo image analysis module 404 

from execution of monocular image analysis module 402 

and/or stereo image analysis module 404. Navigational 

response module 408 may also determine a desired nav­
igational response based on sensory input (e.g., infor­
mation from radar) and inputs from other systems of ve­
hicle 200, such as throttling system 220, braking system 
230, and steering system 240 of vehicle 200. Based on 
the desired navigational response, processing unit 110 

may transmit electronic signals to throttling system 220, 
braking system 230, and steering system 240 of vehicle 
200 to trigger a desired navigational response by, for 
example, turning the steering wheel of vehicle 200 to 

may include instructions for detecting a set of features 

within the first and second sets of images. such as lane 
markings, vehicles, pedestrians, road signs, highway exit 

ramps, traffic lights, hazardous objects, and the like. 
Based on the analysis, processing unit 110 may cause 
one or more navigational responses in vehicle 200, such 

achieve a rotation of a predetermined angle. In some 

25 embodiments, processing unit 110 may use the output 

of navigational response module 408 (e.g., the desired 

as a turn, a lane shift. a change in acceleration, and the 
like, as discussed below in connection with navigational 
response module 408. 30 

[0112] In one embodiment. velocity and acceleration 
module 406 may store software configured to analyze 
data received from one or more computing and electro­
mechanical devices in vehicle 200 that are configured to 
cause a change in velocity and/or acceleration of vehicle 35 

200. For example, processing unit 110 may execute in­
structions associated with velocity and acceleration mod-

ule 406 to calculate a target speed for vehicle 200 based 
on data derived from execution of monocular image anal-
ysis module 402 and/or stereo image analysis module 40 

404. Such data may include, for example, a target posi-
tion, velocity, and/or acceleration. the position and/or 

speed of vehicle 200 relative to a nearby vehicle, pedes­

trian, or road object, position information for vehicle 200 
relative to lane markings of the road, and the like. In ad- 45 

dition, processing unit 110 may calculate a target speed 
for vehicle 200 based on sensory input (e.g., information 

from radar) and input from other systems of vehicle 200, 

such as throttling system 220, braking system 230, 
and/or steering system 240 of vehicle 200. Based on the 50 

calculated target speed, processing unit 110 may trans-
mit electronic signals to throttling system 220, braking 
system 230, and/or steering system 240 of vehicle 200 
to trigger a change in velocity and/or acceleration by, for 
example, physically depressing the brake or easing up 55 

off the accelerator of vehicle 200. 
[0113] In one embodiment, navigational response 
module 408 may store software executable by process-

20 

navigational response) as an input to execution of veloc­
ity and acceleration module 406 for calculating a change 
in speed of vehicle 200. 
[0114] FIG. 5A is a flowchart showing an exemplary 

process 500A for causing one or more navigational re­

sponses based on monocular image analysis. consistent 
with disclosed embodiments. At step 510, processing unit 
110 may receive a plurality of images via data interface 
128 between processing unit 110 and image acquisition 

unit 120. For instance, a camera included in image ac­

quisition unit 120 (such as image capture device 122 hav­
ing field of view 202) may capture a plurality of images 
of an area forward of vehicle 200 (or to the sides or rear 
of a vehicle, for example) and transmit them over a data 
connection (e.g., digital, wired, USB, wireless. Bluetooth, 
etc.) to processing unit 110. Processing unit 110 may 

execute monocular image analysis module 402 to ana­
lyze the plurality of images at step 520, as described in 
further detail in connection with FIGS. SB-SD below. By 
performing the analysis, processing unit 110 may detect 

a set of features within the set of images, such as lane 
markings, vehicles, pedestrians, road signs, highway exit 

ramps, traffic lights, and the like. 
[0115] Processing unit 110 may also execute monoc­
ular image analysis module 402 to detect various road 
hazards at step 520, such as, for example, parts of a 
truck tire, fallen road signs. loose cargo, small animals, 
and the like. Road hazards may vary in structure, shape, 

size, and color, which may make detection of such haz­
ards more challenging. In some embodiments, process­
ing unit 110 may execute monocular image analysis mod­
ule 402 to perform multi-frame analysis on the plurality 

IPR2025-00943 
Tesla EX1002 Page 417



39 EP 3 680 818 A1 40 

[0119] At step 544, processing unit 110 may analyze 

multiple frames of images to determine whether objects 
in the set of candidate objects represent vehicles and/or 
pedestrians. For example, processing unit 110 may track 

of images to detect road hazards. For example, process­
ing unit 110 may estimate camera motion between con­

secutive image frames and calculate the disparities in 
pixels between the frames to construct a 3D-map of the 
road. Processing unit 110 may then use the 3D-map to 
detect the road surface, as well as hazards existing above 
the road surface. 

[0116] At step 530, processing unit 110 may execute 
navigational response module 408 to cause one or more 
navigational responses in vehicle 200 based on the anal­
ysis performed at step 520 and the techniques as de­
scribed above in connection with FIG. 4. Navigational 

responses may include, for example, a turn, a lane shift, 

a change in acceleration, and the like. In some embodi­
ments, processing unit 110 may use data derived from 
execution of velocity and acceleration module 406 to 
cause the one or more navigational responses. Addition­
ally, multiple navigational responses may occur simulta-

5 a detected candidate object across consecutive frames 

and accumulate frame-by-frame data associated with the 
detected object (e.g., size, position relative to vehicle 

200, etc.). Additionally, processing unit 110 may estimate 
parameters for the detected object and compare the ob-

10 ject's frame-by-frame position data to a predicted posi­

tion. 
[0120] At step 546, processing unit 110 may construct 

a set of measurements for the detected objects. Such 

measurements may include, for example, position, ve-
15 locity, and acceleration values (relative to vehicle 200) 

associated with the detected objects. In some embodi­
ments, processing unit 110 may construct the measure­
ments based on estimation techniques using a series of 
time-based observations such as Kalman filters or linear neously, in sequence, or any combination thereof. For 

instance, processing unit 110 may cause vehicle 200 to 20 

shift one lane over and then accelerate by, for example, 
sequentially transmitting control signals to steering sys-

quadratic estimation (LOE), and/or based on available 
modeling data for different object types (e.g., cars, trucks, 
pedestrians, bicycles, road signs, etc.). The Kalman fil­
ters may be based on a measurement of an object's 

scale, where the scale measurement is proportional to a 

tem 240 and throttling system 220 of vehicle 200. Alter­
natively, processing unit 110 may cause vehicle 200 to 

brake while at the same time shifting lanes by, for exam­
ple, simultaneously transmitting control signals to brak­
ing system 230 and steering system 240 of vehicle 200. 
[0117] FIG. 5B is a flowchart showing an exemplary 
process 500B for detecting one or more vehicles and/or 
pedestrians in a set of images, consistent with disclosed 

embodiments. Processing unit 110 may execute monoc­
ular image analysis module 402 to implement process 
500B. At step 540, processing unit 110 may determine 

25 time to collision (e.g., the amount of time for vehicle 200 

to reach the object). Thus, by performing steps 540-546, 
processing unit 110 may identify vehicles and pedestri­
ans appearing within the set of captured images and de-
rive information (e.g., position, speed, size) associated 

30 with the vehicles and pedestrians. Based on the identifi-

a set of candidate objects representing possible vehicles 
and/or pedestrians. For example, processing unit 110 35 

may scan one or more images, compare the images to 

one or more predetermined patterns, and identify within 
each image possible locations that may contain objects 

cation and the derived information, processing unit 110 
may cause one or more navigational responses in vehicle 

200, as described in connection with FIG. 5A, above. 
[0121] At step 548, processing unit 110 may perform 
an optical flow analysis of one or more images to reduce 
the probabilities of detecting a "false hit" and missing a 

candidate object that represents a vehicle or pedestrian. 
The optical flow analysis may refer to, for example, an­
alyzing motion patterns relative to vehicle 200 in the one of interest (e.g., vehicles, pedestrians, or portions there­

of). The predetermined patterns may be designed in such 
a way to achieve a high rate of "false hits" and a low rate 

of "misses." For example, processing unit 110 may use 

40 or more images associated with other vehicles and pe-

a low threshold of similarity to predetermined patterns 
for identifying candidate objects as possible vehicles or 
pedestrians. Doing so may allow processing unit 110 to 45 

reduce the probability of missing (e.g., not identifying) a 
candidate object representing a vehicle or pedestrian. 

[0118] At step 542, processing unit 11 0 may filter the 

set of candidate objects to exclude certain candidates 
(e.g., irrelevant or less relevant objects) based on clas- 50 

sification criteria. Such criteria may be derived from var-
ious properties associated with object types stored in a 
database (e.g., a database stored in memory 140). Prop­
erties may include object shape, dimensions, texture. po­
sition (e.g., relative to vehicle 200), and the like. Thus, 55 

processing unit 110 may use one or more sets of criteria 
to reject false candidates from the set of candidate ob­
jects. 

21 

destrians, and that are distinct from road surface motion. 
Processing unit 110 may calculate the motion of candi­

date objects by observing the different positions of the 
objects across multiple image frames, which are cap­
tured at different times. Processing unit 110 may use the 

position and time values as inputs into mathematical 
models for calculating the motion of the candidate ob­

jects. Thus, optical flow analysis may provide another 

method of detecting vehicles and pedestrians that are 
nearby vehicle 200. Processing unit 110 may perform 
optical flow analysis in combination with steps 540-546 
to provide redundancy for detecting vehicles and pedes­
trians and increase the reliability of system 100. 
[0122] FIG. 5C is a flowchart showing an exemplary 

process 500C for detecting road marks and/or lane ge­
ometry information in a set of images, consistent with 
disclosed embodiments. Processing unit 110 may exe­
cute monocular image analysis module 402 to implement 
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process 500G. At step 550, processing unit 110 may de­

tect a set of objects by scanning one or more images. To 
detect segments of lane markings, lane geometry infor­
mation, and other pertinent road marks, processing unit 
110 may filter the set of objects to exclude those deter­
mined to be irrelevant (e.g., minor potholes, small rocks, 
etc.). At step 552, processing unit 110 may group togeth­

er the segments detected in step 550 belonging to the 
same road mark or lane mark. Based on the grouping, 
processing unit 110 may develop a model to represent 

the detected segments, such as a mathematical model. 
[0123] At step 554. processing unit 110 may construct 
a set of measurements associated with the detected seg­

ments. In some embodiments, processing unit 110 may 
create a projection of the detected segments from the 
image plane onto the real-world plane. The projection 
may be characterized using a 3rd-degree polynomial 
having coefficients corresponding to physical properties 
such as the position, slope, curvature, and curvature de­

rivative of the detected road. In generating the projection, 
processing unit 110 may take into account changes in 

the road surface, as well as pitch and roll rates associated 
with vehicle 200. In addition, processing unit 110 may 
model the road elevation by analyzing position and mo-

process 500D for detecting traffic lights in a set of images, 

consistent with disclosed embodiments. Processing unit 
110 may execute monocular image analysis module 402 
to implement process 500D. At step 560, processing unit 

5 110 may scan the set of images and identify objects ap­

pearing at locations in the images likely to contain traffic 
lights. For example, processing unit 110 may filter the 

identified objects to construct a set of candidate objects, 
excluding those objects unlikely to correspond to traffic 

10 lights. The filtering may be done based on various prop­

erties associated with traffic lights, such as shape, di­
mensions, texture, position (e.g., relative to vehicle 200), 
and the like. Such properties may be based on multiple 

examples of traffic lights and traffic control signals and 
15 stored in a database. In some embodiments, processing 

unit 110 may perform multi-frame analysis on the set of 
candidate objects reflecting possible traffic lights. For ex­
ample, processing unit 110 may track the candidate ob­
jects across consecutive image frames, estimate the re-

20 al-world position of the candidate objects, and filter out 
those objects that are moving (which are unlikely to be 
traffic lights). In some embodiments, processing unit 110 
may perform color analysis on the candidate objects and 
identify the relative position of the detected colors ap-

lion cues present on the road surface. Further, process- 25 

ing unit 110 may estimate the pitch and roll rates asso­
ciated with vehicle 200 by tracking a set of feature points 

pearing inside possible traffic lights. 
[0127] At step 562, processing unit 110 may analyze 
the geometry of a junction. The analysis may be based 
on any combination of: (i) the number of lanes detected 
on either side of vehicle 200, (ii) markings (such as arrow 

in the one or more images. 
[0124] At step 556, processing unit 110 may perform 
multi-frame analysis by. for example, tracking the detect- 30 
ed segments across consecutive image frames and ac­
cumulating frame-by-frame data associated with detect-

marks) detected on the road, and (iii) descriptions of the 

junction extracted from map data (such as data from map 
database 160). Processing unit 110 may conduct the 
analysis using information derived from execution of mo­
nocular analysis module 402. In addition, Processing unit 

ed segments. As processing unit 110 performs multi­

frame analysis, the set of measurements constructed at 
step 554 may become more reliable and associated with 

an increasingly higher confidence level. Thus, by per­

forming steps 550-556, processing unit 110 may identify 

35 110 may determine a correspondence between the traffic 

lights detected at step 560 and the lanes appearing near 

vehicle 200. 
road marks appearing within the set of captured images 
and derive lane geometry information. Based on the iden­
tification and the derived information, processing unit 110 40 

may cause one or more navigational responses in vehicle 
200, as described in connection with FIG. 5A, above. 

[0128] As vehicle 200 approaches the junction, at step 
564, processing unit 110 may update the confidence level 
associated with the analyzed junction geometry and the 
detected traffic lights. For instance, the number of traffic 
lights estimated to appear at the junction as compared 

with the number actually appearing at the junction may 

impact the confidence level. Thus, based on the confi-

[0125] At step 558, processing unit 110 may consider 

additional sources of information to further develop a 
safety model for vehicle 200 in the context of its surround­ 45 dence level, processing unit 110 may delegate control to 

the driver of vehicle 200 in order to improve safety con­
ditions. By performing steps 560-564, processing unit 

110 may identify traffic lights appearing within the set of 

ings. Processing unit 110 may use the safety model to 
define a context in which system 100 may execute au­

tonomous control of vehicle 200 in a safe manner. To 

develop the safety model, in some embodiments, 
processing unit 110 may consider the position and motion 50 

of other vehicles, the detected road edges and barriers, 
and/or general road shape descriptions extracted from 
map data (such as data from map database 160). By 
considering additional sources of information, process-
ing unit 110 may provide redundancy for detecting road 55 

marks and lane geometry and increase the reliability of 
system 100. 
[0126] FIG. 5D is a flowchart showing an exemplary 

22 

captured images and analyze junction geometry infor­
mation. Based on the identification and the analysis, 
processing unit 110 may cause one or more navigational 
responses in vehicle 200, as described in connection with 
FIG. 5A, above. 
[0129] FIG. 5E is a flowchart showing an exemplary 

process 500E for causing one or more navigational re­

sponses in vehicle 200 based on a vehicle path, consist-
ent with the disclosed embodiments. At step 570, 
processing unit 110 may construct an initial vehicle path 
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associated with vehicle 200. The vehicle path may be 

represented using a set of points expressed in coordi­
nates (x, z), and the distance d, between two points in 
the set of points may fall in the range of I to 5 meters. In 
one embodiment, processing unit 110 may construct the 
initial vehicle path using two polynomials, such as left 
and right road polynomials. Processing unit 110 may cal­

culate the geometric midpoint between the two polyno­
mials and offset each point included in the resultant ve­
hicle path by a predetermined offset (e.g., a smart lane 
offset), if any (an offset of zero may correspond to travel 
in the middle of a lane). The offset may be in a direction 

perpendicular to a segment between any two points in 

the vehicle path. In another embodiment, processing unit 
110 may use one polynomial and an estimated lane width 
to offset each point of the vehicle path by half the esti­
mated lane width plus a predetermined offset (e.g., a 
smart lane offset). 
[0130] At step 572, processing unit 110 may update 

the vehicle path constructed at step 570. Processing unit 
110 may reconstruct the vehicle path constructed at step 

570 using a higher resolution, such that the distance dk 
between two points in the set of points representing the 

vehicle path is less than the distance drdescribed above. 

For example, the distanced; may fall in the range of 0.1 
to 0.3 meters. Processing unit 110 may reconstruct the 
vehicle path using a parabolic spline algorithm, which 
may yield a cumulative distance vector S corresponding 
to the total length of the vehicle path (i.e., based on the 
set of points representing the vehicle path). 

[0131] At step 574, processing unit 110 may determine 

a look-ahead point (expressed in coordinates as (x;, z;)) 
based on the updated vehicle path constructed at step 

mand as the product of the heading error and a high-level 

control gain. The high-level control gain may be equal to: 
(2 I look-ahead time), if the look-ahead distance is not at 
the lower bound. Otherwise, the high-level control gain 

5 may be equal to: (2 • speed of vehicle 200 / look-ahead 

distance). 
[0133] FIG. SF is a flowchart showing an exemplary 

process 500F for determining whether a leading vehicle 
is changing lanes, consistent with the disclosed embod-

10 iments. At step 580, processing unit 110 may determine 
navigation information associated with a leading vehicle 
(e.g., a vehicle traveling ahead of vehicle 200). For ex­

ample, processing unit 110 may determine the position, 

velocity (e.g., direction and speed), and/or acceleration 
15 of the leading vehicle, using the techniques described in 

connection with FIGS. 5A and 5B, above. Processing 
unit 110 may also determine one or more road polyno­
mials, a look-ahead point (associated with vehicle 200), 
and/or a snail trail (e.g., a set of points describing a path 

20 taken by the leading vehicle), using the techniques de­

scribed in connection with FIG. SE. above. 
[0134] At step 582, processing unit 110 may analyze 
the navigation information determined at step 580. In one 
embodiment, processing unit 110 may calculate the dis-

25 lance between a snail trail and a road polynomial (e.g., 

along the trail). If the variance of this distance along the 
trail exceeds a predetermined threshold (for example, 
0.1 to 0.2 meters on a straight road, 0.3 to 0.4 meters on 
a moderately curvy road, and 0.5 to 0.6 meters on a road 

30 with sharp curves), processing unit 110 may determine 

that the leading vehicle is likely changing lanes. In the 
case where multiple vehicles are detected traveling 
ahead of vehicle 200, processing unit 110 may compare 

the snail trails associated with each vehicle. Based on 572. Processing unit 110 may extract the look-ahead 
point from the cumulative distance vector S, and the look- 35 the comparison, processing unit 110 may determine that 

a vehicle whose snail trail does not match with the snail 

trails of the other vehicles is likely changing lanes. 
Processing unit 110 may additionally compare the cur-

ahead point may be associated with a look-ahead dis­

tance and look-ahead time. The look-ahead distance. 
which may have a lower bound ranging from 10 to 20 
meters, may be calculated as the product of the speed 
of vehicle 200 and the look-ahead time. For example, as 40 

the speed of vehicle 200 decreases, the look-ahead dis­
tance may also decrease (e.g., until it reaches the lower 

bound). The look-ahead time, which may range from 0.5 

vature of the snail trail (associated with the leading ve­
hicle) with the expected curvature of the road segment 
in which the leading vehicle is traveling. The expected 
curvature may be extracted from map data (e.g., data 

from map database 160), from road polynomials, from 
other vehicles' snail trails, from prior knowledge about to 1.5 seconds, may be inversely proportional to the gain 

of one or more control loops associated with causing a 
navigational response in vehicle 200, such as the head­
ing error tracking control loop. For example, the gain of 

the heading error tracking control loop may depend on 

45 the road, and the like. If the difference in curvature of the 
snail trail and the expected curvature of the road segment 

exceeds a predetermined threshold, processing unit 110 
may determine that the leading vehicle is likely changing 

the bandwidth of a yaw rate loop, a steering actuator 
loop, car lateral dynamics, and the like. Thus, the higher so 
the gain of the heading error tracking control loop, the 
lower the look-ahead time. 
[0132] At step 576, processing unit 110 may determine 
a heading error and yaw rate command based on the 
look-ahead point determined at step 57 4. Processing unit 55 

110 may determine the heading error by calculating the 

arctangent of the look-ahead point, e.g., arctan (x/z1). 

Processing unit 110 may determine the yaw rate com-

23 

lanes. 
[0135] In another embodiment, processing unit 110 
may compare the leading vehicle's instantaneous posi­
tion with the look-ahead point (associated with vehicle 
200) over a specific period of time (e.g., 0.5 to 1.5 sec­
onds). If the distance between the leading vehicle's in­

stantaneous position and the look-ahead point varies 

during the specific period of time, and the cumulative sum 
of variation exceeds a predetermined threshold (for ex­

ample, 0.3 to 0.4 meters on a straight road, 0.7 to 0.8 
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meters on a moderately curvy road, and 1.3 to 1. 7 meters 
on a road with sharp curves), processing unit 110 may 
determine that the leading vehicle is likely changing 
lanes. In another embodiment, processing unit 110 may 
analyze the geometry of the snail trail by comparing the 
lateral distance traveled along the trail with the expected 
curvature of the snail trail. The expected radius of curva­

ture may be determined according to the calculation: (oz 2 

+ o/)/2/(ox), where ox represents the lateral distance 
traveled and ox represents the longitudinal distance 
traveled. If the difference between the lateral distance 
traveled and the expected curvature exceeds a prede­
termined threshold (e.g., 500 to 700 meters), processing 
unit 110 may determine that the leading vehicle is likely 
changing lanes. In another embodiment, processing unit 
110 may analyze the position of the leading vehicle. If 
the position of the leading vehicle obscures a road poly­
nomial (e.g., the leading vehicle is overlaid on top of the 
road polynomial), then processing unit 110 may deter­
mine that the leading vehicle is likely changing lanes. In 
the case where the position of the leading vehicle is such 
that, another vehicle is detected ahead of the leading 
vehicle and the snail trails of the two vehicles are not 
parallel, processing unit 110 may determine that the 
(closer) leading vehicle is likely changing lanes. 
[0136] At step 584, processing unit 110 may determine 
whether or not leading vehicle 200 is changing lanes 
based on the analysis performed at step 582. For exam-

to create a 3D map of the road in front of the vehicle and 
detect features within the images, such as lane markings, 
vehicles, pedestrians, road signs, highway exit ramps, 
traffic lights, road hazards, and the like. Stereo image 

5 analysis may be performed in a manner similar to the 
steps described in connection with FIGS. 5A-5D, above. 
For example, processing unit 110 may execute stereo 
image analysis module 404 to detect candidate objects 
(e.g., vehicles, pedestrians. road marks, traffic lights, 

10 road hazards, etc.) within the first and second plurality 
of images, filter out a subset of the candidate objects 
based on various criteria, and perform multi-frame anal­
ysis, construct measurements, and determine a confi­
dence level for the remaining candidate objects. In per-

15 forming the steps above, processing unit 110 may con­
sider information from both the first and second plurality 
of images, rather than information from one set of images 
alone. For example, processing unit 110 may analyze 
the differences in pixel-level data (or other data subsets 

20 from among the two streams of captured images) for a 
candidate object appearing in both the first and second 
plurality of images. As another example, processing unit 
110 may estimate a position and/or velocity of a candi­
date object (e.g., relative to vehicle 200) by observing 

25 that the object appears in one of the plurality of images 
but not the other or relative to other differences that may 
exist relative to objects appearing if the two image 
streams. For example, position, velocity, and/or acceler-

pie, processing unit 110 may make the determination 
based on a weighted average of the individual analyses 30 

ation relative to vehicle 200 may be determined based 
on trajectories, positions, movement characteristics, etc. 
of features associated with an object appearing in one performed at step 582. Under such a scheme, for exam-

ple, a decision by processing unit 110 that the leading 
vehicle is likely changing lanes based on a particular type 

or both of the image streams. 

of analysis may be assigned a value of "1" (and "0" to 
represent a determination that the leading vehicle is not 35 

[0139] At step 630, processing unit 110 may execute 
navigational response module 408 to cause one or more 
navigational responses in vehicle 200 based on the anal­
ysis performed at step 620 and the techniques as de-likely changing lanes). Different analyses performed at 

step 582 may be assigned different weights, and the dis­
closed embodiments are not limited to any particular 
combination of analyses and weights. 
[0137] FIG. 6 is a flowchart showing an exemplary 
process 600 for causing one or more navigational re­
sponses based on stereo image analysis, consistent with 
disclosed embodiments. At step 610, processing unit 110 
may receive a first and second plurality of images via 
data interface 128. For example, cameras included in 
image acquisition unit 120 (such as image capture de­
vices 122 and 124 having fields of view 202 and 204) 
may capture a first and second plurality of images of an 

scribed above in connection with FIG. 4. Navigational 
responses may include, for example, a turn, a lane shift, 
a change in acceleration, a change in velocity, braking, 

40 and the like. In some embodiments, processing unit 110 
may use data derived from execution of velocity and ac­
celeration module 406 to cause the one or more naviga­
tional responses. Additionally, multiple navigational re­
sponses may occur simultaneously, in sequence, or any 

45 combination thereof. 
[0140] FIG. 7 is a flowchart showing an exemplary 
process 700 for causing one or more navigational re­
sponses based on an analysis of three sets of images, 

area forward of vehicle 200 and transmit them over a 
digital connection (e.g., USB, wireless, Bluetooth, etc.) 50 

consistent with disclosed embodiments. At step 710, 
processing unit 110 may receive a first, second, and third 
plurality of images via data interface 128. For instance, to processing unit 110. In some embodiments, process­

ing unit 110 may receive the first and second plurality of 
images via two or more data interfaces. The disclosed 
embodiments are not limited to any particular data inter­
face configurations or protocols. 
[0138] At step 620, processing unit 110 may execute 
stereo image analysis module 404 to perform stereo im­
age analysis of the first and second plurality of images 

cameras included in image acquisition unit 120 (such as 
image capture devices 122, 124, and 126 having fields 
of view 202, 204, and 206) may capture a first, second, 

55 and third plurality of images of an area forward and/or to 
the side of vehicle 200 and transmit them over a digital 
connection (e.g., USB, wireless, Bluetooth, etc.) to 
processing unit 110. In some embodiments, processing 
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unit 110 may receive the first, second, and third plurality 

of images via three or more data interfaces. For example, 
each of image capture devices 122, 124, 126 may have 

Processing unit 110 may also make the selection based 

on image quality and resolution, the effective field of view 
reflected in the images, the number of captured frames, 

an associated data interface for communicating data to 
processing unit 110. The disclosed embodiments are not 5 

the extent to which one or more objects of interest actually 
appear in the frames (e.g., the percentage of frames in 
which an object appears, the proportion of the object that limited to any particular data interface configurations or 

protocols. 

[0141] At step 720, processing unit 110 may analyze 
the first, second, and third plurality of images to detect 
features within the images, such as lane markings, ve­
hicles, pedestrians, road signs, highway exit ramps, traf­

fic lights, road hazards, and the like. The analysis may 
be performed in a manner similar to the steps described 

in connection with FIGS. 5A-5D and 6, above. For in­
stance, processing unit 110 may perform monocular im­
age analysis (e.g., via execution of monocular image 
analysis module 402 and based on the steps described 
in connection witb FIGS. 5A-5D, above) on each of the 
first, second, and third plurality of images. Alternatively, 

processing unit 110 may perform stereo image analysis 
(e.g., via execution of stereo image analysis module 404 

and based on the steps described in connection with FIG. 
6, above) on the first and second plurality of images, the 

second and third plurality of images, and/or the first and 

appears in each such frame, etc.), and the like. 

[0144] In some embodiments, processing unit 110 may 

select information derived from two of the first, second, 
10 and third plurality of images by determining the extent to 

which information derived from one image source is con­
sistent with information derived from other image sourc­

es. For example, processing unit 110 may combine the 

processed information derived from each of image cap-
1 s ture devices 122, 124, and 126 (whether by monocular 

analysis, stereo analysis, or any combination of the two) 
and determine visual indicators (e.g., lane markings, a 
detected vehicle and its location and/or path, a detected 
traffic light, etc.) that are consistent across the images 

20 captured from each of image capture devices 122, 124, 
and 126. Processing unit 110 may also exclude informa­
tion that is inconsistent across the captured images (e.g., 
a vehicle changing lanes, a lane model indicating a ve­

hicle that is too close to vehicle 200, etc.). Thus, process-
third plurality of images. The processed information cor- 25 

responding to the analysis of the first, second, and/or 
ing unit 110 may select information derived from two of 
the first, second, and third plurality of images based on 
the determinations of consistent and inconsistent infer-third plurality of images may be combined. In some em­

bodiments, processing unit 110 may perform a combina-
lion of monocular and stereo image analyses. For exam-
ple, processing unit 110 may perform monocular image 30 
analysis (e.g., via execution of monocular image analysis 
module 402) on the first plurality of images and stereo 
image analysis (e.g., via execution of stereo image anal-
ysis module 404) on the second and third plurality of im­
ages. The configuration of image capture devices 122, 35 

mation. 
[0145] Navigational responses may include, for exam­
ple, a turn, a lane shift, a change in acceleration, and the 

like. Processing unit 110 may cause the one or more 
navigational responses based on the analysis performed 

at step 720 and the techniques as described above in 
connection with FIG. 4. Processing unit 110 may also 
use data derived from execution of velocity and acceler­

ation module 406 to cause the one or more navigational 

responses. In some embodiments, processing unit 110 
may cause the one or more navigational responses 
based on a relative position, relative velocity, and/or rel-

124, and 126-including their respective locations and 

fields of view 202, 204, and 206 may influence the types 
of analyses conducted on the first, second, and third plu­
rality of images. The disclosed embodiments are not lim­
ited to a particular configuration of image capture devices 
122, 124. and 126, or the types of analyses conducted 

40 alive acceleration between vehicle 200 and an object de­

tected within any of the first, second, and third plurality 
on the first, second, and third plurality of images. of images. Multiple navigational responses may occur 

[0142] In some embodiments, processing unit 110 may simultaneously, in sequence, or any combination thereof. 
perform testing on system 100 based on the images ac-
quired and analyzed at steps 710 and 720. Such testing 45 Smart Lane Offset 
may provide an indicator of the overall performance of 
system 100 for certain configurations of image capture 

devices 122, 124, and 126. For example, processing unit 

[0146] System 100 may provide driver assist function­

ality that monitors and adjusts the free space between 

110 may determine the proportion of "false hits" (e.g., 
cases where system 100 incorrectly determined the pres­
ence of a vehicle or pedestrian) and "misses." 

vehicle 200 and boundaries (e.g., lane boundaries)within 
50 which vehicle 200 is traveling. A lane may refer to a des­

ignated or intended travel path of a vehicle and may have 
[0143] At step 730, processing unit 110 may cause one 
or more navigational responses in vehicle 200 based on 
information derived from two of the first, second, and third 
plurality of images. Selection of two of the first, second, 55 

and third plurality of images may depend on various fac-

tors, such as, for example, the number, types, and sizes 
of objects detected in each of the plurality of images. 

25 

marked (e.g., lines on a road) or unmarked boundaries 
(e.g., an edge of a road, a road barrier, guard rail, parked 
vehicles, etc.). For instance, as a default, system 100 

may maximize or increase the free space between vehi­

cle 200 and the current lane boundaries. Further, under 
certain conditions, system 100 may offset vehicle 200 
toward one side of the current lane of travel without leav-
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ing the lane. For example, where vehicle 200 is traveling 

around a curve, system 100 may decrease the offset to­
wards the inside of the curve (e.g., adjust the position of 
vehicle 200 so that it is closer to the inside of the curve). 

may further determine a road elevation model to trans­

form all of the information acquired from the plurality of 
images into 30 space. 
[0150] Generally, as a default condition. vehicle 200 

As another example, where obstacles-such as parked 5 may travel relatively centered within first and second lane 
cars, pedestrians, or cyclists-are present on one side of 
the lane, system 100 may increase the offset on the side 

of vehicle 200 where the obstacles are located (e.g., ad­
just the position of vehicle 200 so that it is further from 
the obstacles). 
[0147] FIG. 8A illustrates vehicle 200 traveling on a 
roadway 800 in which the disclosed systems and meth­

ods for identifying lane constraints and operating vehicle 

200 within the lane constraints may be used. As shown, 
vehicle 200 may have a first vehicle side 802, which may 
be a first distance 805 from a first lane constraint 810. 
Similarly, vehicle 200 may have a second vehicle side 
812 opposite from first vehicle side 802, and second ve­
hicle side 812 may be a second distance 815 from second 

lane constraint 820. In this manner, first lane constraint 
810 and second lane constraint 820 may define a lane 
within which vehicle 200 may travel. 
[0148] Processing unit 110 may be configured to de-

constraints 810 and/or 820. However, in some circum­
stances, environmental factors may make this undesir­

able or unfeasible, such as when objects or structures 
are present on one side of the road. Thus, there may be 

10 circumstances in which it may be desirable or advanta­
geous for vehicle 200 to be closer to one lane constraint 
or the other. Processing unit 110 may also be configured 

to determine whether such circumstances, called lane 

offset conditions, exist based on the plurality of images. 
1 s [0151] To determine whether lane offset conditions ex­

ist, processing unit 110 may be configured to determine 
the presence of one or more objects 825 in the vicinity 
of vehicle 200. For example object 825 may comprise 
another vehicle, such as a car, truck or motorcycle 

20 traveling on roadway 800. Processing unit 110 may de­

termine, for each object 825, an offset profile. The offset 
profile may include a determination of whether in its cur­
rent and predicted position object 825 will be within a 
predefined range of vehicle 200. If processing unit 110 !ermine first lane constraint 810 and second lane con­

straint 820 based on a plurality of images acquired by 25 

image capture device 122-126 that processing unit 110 
determines that object 825 is or will be within a predefined 
range of vehicle 200, processing unit 110 may determine 
whether there is enough space within first lane constraint 
810 and second lane constraint 820, for vehicle 200 to 
bypass object 825. If there is not enough space, process-

may receive via data interface 128. According to some 
embodiments, first lane constraint 810 and/or second 
lane constraint 820 may be identified by visible lane 
boundaries, such as dashed or solid lines marked on a 30 
road surface. Additionally or alternatively, first lane con­
straint 810 and/or second lane constraint 820 may in­
clude an edge of a road surface or a barrier. Additionally 

ing unit 110 may execute a lane change. lfthere is enough 

space, processing unit 110 may determine whether there 
is enough time to bypass object 825 before the distance 
between vehicle 200 and object 825 closes. If there is 

or alternatively, first lane constraint 810 and/or second 
lane constrain 820 may include markers (e.g., Botts' 

dots). According to some embodiments. processing unit 
110 may determine first lane constraint 810 and/or sec-

ond lane constraint 820 by identifying a midpoint of a 

enough time, processing unit 110 may initiate and or ac-
35 tivate the offset maneuver to bypass object 825. The off-

set maneuver may be executed by processing unit 110 
so that the movement of vehicle 200 is smooth and com-

road surface width. According to some embodiments. if 
processing unit 110 identifies only first lane constraint 40 

810, processing unit 110 may estimate second lane con­
straint 820, such as based on an estimated lane width or 

fortable for the driver. For example, the offset slew rate 
may be approximately 0.15 to 0.75 m/sec. The offset 
maneuver may be executed so that the maximum ampli­
tude of the offset maneuver will occur when the gap be-
tween vehicle 200 and object 825 closes. If there is not 

enough time, processing unit 110 may initiate braking 
(e.g., by transmitting electronic signals to braking system 

road width. Processing unit 110 may identify lane con­

straints in this manner when, for example, lines desig­
nating road lanes are not painted or otherwise labeled. 
[0149] Detection offirst lane constraint 810 and/or sec­
ond lane constraint 820 may include processing unit 110 
determining their 30 models in camera coordinate sys-

tem. For example, the 30 models of first lane constraint 
810 and/or second lane constraint 820 may be described 
by a third-degree polynomial. In addition to 30 modeling 
offirst lane constraint 810 and/or second lane constraint 
820, processing unit 110 may perform multi-frame esti­
mation of host motion parameters, such as the speed, 

yaw and pitch rates, and acceleration of vehicle 200. Op­
tionally, processing unit 110 may detect static and mov­

ing vehicles and their position, heading, speed, and ac­
celeration, all relative to vehicle 200. Processing unit 110 

45 230) and then initiate offset maneuver. 
[0152] After each offset profile is set for each object 
825, processing unit may combine offset profiles such 

that the maximum lateral distance is kept from each ob­

ject 825 that vehicle 200 is bypassing. That is. offset 
50 maneuvers may be modified and/or executed such that 

the lateral distance between vehicle 200 and each object 
825 that vehicle 200 is bypassing is maximized. 
[0153] Additionally or alternatively, object 825 may be 
a parked or stationary vehicle, a wall, or a person, such 

55 as pedestrian or cycling traffic. Processing unit 110 may 

determine a lane offset condition exists based on certain 
characteristics of object 825. For example, processing 
unit 110 may determine object 825 constitutes a lane 
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offset condition if the height of object 825 exceeds a pre­

determined threshold, such as 10 cm from a road surface. 
In this manner, processing unit 110 may be configured 
to filter out objects that would not present a lane offset 
condition, such as small pieces of debris. 
[0154] Additionally or alternatively, processing unit 110 
may be configured to determine whether a lane offset 

condition exists on first vehicle side 802 based on a po­
sition of a target object 830 on vehicle first side 802. Tar­
get object 830 may include one or more objects that con­
stitute a lane offset condition. Additionally or alternatively, 
target object 830 may not constitute a lane offset condi-

tion. For example, target object 830 may be a street sign 

or other object a sufficient distance from the travel lane 
or occurring with sufficient infrequency to not constitute 
a lane offset condition. Processing unit 110 may be con­
figured to conclude a lane offset condition does not exist 
if such a target object 830 is detected. 

[0158] According to some embodiments, when a lane 

offset condition exists on first vehicle side 802, process­
ing unit 110 may create an offset profile configured to 
cause vehicle 200 to travel within first lane constraint 810 

5 and second lane constraint 820 such that first distance 

805 is at least 1.25 times greater than second distance 
815. Additionally or alternatively, when a lane offset con­

dition exists on first vehicle side 802, processing unit 110 
may create an offset profile that is configured to cause 

10 vehicle 200 to travel within first lane constraint 810 and 

second lane constraint 820 such that first distance 805 
is at least 2 times greater than second distance 815. 
[0159] In some embodiments, as shown in FIG. 8C, 

processing unit 110 may determine a lane offset condi-
1 s tion exists on both first vehicle side 802 and on second 

vehicle side 812. Processing unit 110 may then create 
an offset profile for this offset condition that is configured 
to cause vehicle 200 to travel within first lane constraint 

[0155] Processing unit 110 may be configured to cause 

vehicle 200 to travel such that first distance 805 and sec- 20 

ond distance 810 are substantially different to avoid or 

810 and second lane constraint 820 such that first dis­

tance 805 is substantially the same as second distance 

815. 
stay farther away from object 825. For example, if a lane 

offset condition exists on first vehicle side 802, process-
ing unit 110 may be configured to cause vehicle 200 to 

travel within first lane constraint 810 and second lane 25 

constraint 820 such that first distance 805 is greater than 
second distance 815. This is illustrated, for example, in 

[0160] Processing unit 110 may be configured so that 
the offset profiles for moving objects 825 as well as sta­
tionary objects 825 are prioritized. For example, process­

ing unit 110 may prioritize offset profiles to keep a pre­
defined distance between vehicle 200 and moving ob­
jects 825 and/or static objects 825. Processing unit 200 
may prioritize these offset conditions over those offset FIG. 8A. Alternatively, if a lane offset condition exists on 

second vehicle side 812, processing unit 110 may create 
or execute an offset profile that is configured to cause 

vehicle 200 to travel within first lane constraint 810 and 

second lane constraint 820 such that first distance 805 

conditions based on certain lane characteristics, such as 
30 a curve. The last priority lane offset condition may include 

is less than second distance 815. This is illustrated, for 
example, in FIG 8B. 

mimicking a lead vehicle. 

[0156] As another example, a parked vehicle may be 35 

located on one side of vehicle 200 and a pedestrian may 

[0161] Processing unit 110 may factor offset profiles 

or offset conditions into a desired look-ahead point, which 
may be located at the middle of the lane defined by first 

lane constraint 810 and second lane constraint 820. 
Processing unit 110 may compute and implement a yaw 

rate command based on the look-ahead point and the 
offset profiles. The yaw rate command may be used to 

be located on the other side of vehicle 200. In such a 
situation, system 100 may determine that is desirable to 
reduce the distance between vehicle 200 and the parked 
vehicle. in order to provide more space between vehicle 40 

200 and the pedestrian. Accordingly, processing unit 110 

compute a torque command based on the yaw rate com­
mand and the yaw rate of vehicle 200 measured by using 
a gyroscope. Processing unit 110 may transmit the 

may cause vehicle 200 to travel such that the distance 

between the parked vehicle is reduced. 
[0157] The identity of first vehicle side 802 and second 

vehicle side 812 need not be static, such that at different 
points in time, processing unit 110 may identify first ve­
hicle side 802 as the driver's side or as the passenger's 

side of vehicle 200. For example, the identity of first ve-

hicle side 802 may change depending on the presence 

torque command to a steering system (e.g., steering sys­

tem 240) of vehicle 200. 
[0162] According to some embodiments, input from a 

45 driver of vehicle 200, such as via user interface 170, may 
override processing unit 110. For example, a user input 
may override the control of processing unit 110 to cause 

vehicle 200 to travel within first lane constraint 810 and 

of one or more objects 825 on that side of vehicle 200, 50 

such that if one lane offset condition exists based on ob-

second lane constraint 820 such that first distance 805 
is greater than second distance 815. 
[0163] Additionally or alternatively, processing unit 110 
may be configured to determine, based on the plurality 
of images captured by image capture device 122, wheth­
er a lane offset condition is substantially non-existent. 

ject 825, it exists on first vehicle side 802. In such cir­
cumstances, processing unit 110 may create or execute 
an offset profile that is configured to cause vehicle 200 

to travel within first lane constraint 810 and second lane 
constraint 820 such that first distance 805, which is great­

er than second distance 815, is provided toward object 
825. 

55 This may include circumstances in which one or more 

objects 825 below a certain size threshold are detected, 
one or more objects 825 detected are outside of a pre­

determined distance from the lane constraint, and/or 
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when no objects 825 are detected. Under such circum­

stances, processing unit 110 may be configured to cause 
vehicle 200 to travel within first lane constraint 810 and 
second lane constraint 820 such that first distance 805 
is equal to or substantially equal to second distance 815. 
[0164] A lane offset condition may include a curved 
road, as illustrated in FIG. 80. Processing unit 110 may 

be configured to cause vehicle 200 to travel within first 

lane constraint 810 and second lane constraint 820 such 

straint 820. On the other hand, if lane offset module 920 

determines a lane offset condition only on first vehicle 
side 812, lane offset module 920 may move vehicle 200 
closer to first lane constraint 810. 

5 [0168] Fig. 10 illustrates a process 1000 for navigating 

vehicle 200, consistent with disclosed embodiments. 
Process 1000 may identify lane constraints that define a 

lane of travel for vehicle travel. Process 1000 include 
causing vehicle 200 to travel closer to one or the other 

that first distance 805 is toward the outside of the curved 10 lane constraint, such as first lane constraint 810 or sec­

road relative to vehicle 200 and second distance 815 is 
toward an inside of the curved road relative to vehicle 
200. For example, first distance 805 may be less than 

second distance 815. 
[0165] FIG. 9 is an exemplary block diagram of mem­
ory 140 and/or 150, which may store instructions for per­
forming one or more operations consistent with disclosed 
embodiments. As illustrated in FIG. 9, memory 140 may 
store one or more modules for performing the lane offset 

condition detection and responses described herein. For 
example, memory 140 may store a lane constraint mod­
ule 910 and a lane offset module 920. Application proc­
essor 180 and/or image processor 190 may execute the 
instructions stored in any of modules 910 and 920 includ-

ed in memory 140. One of skill in the art will understand 
that references in the following discussions to processing 
unit 110 may refer to application processor 180 and im-
age processor 190 individually or collectively. According-
ly, steps of any of the following processes may be per­
formed by one or more processing devices. 

[0166] Lane constraint module 910 may store instruc­
tions which, when executed by processing unit 110, may 

detect and define first lane constraint 810 and second 
lane constraint 820. For example, lane offset module 910 

ond lane constraint 820, in response to detecting a lane 
offset condition. In this manner, process 1000 may be 
used to drive vehicle 200 within lane constraints as well 

as account for environmental factors that may make it 
15 more desirable to shift vehicle 200 within first lane con-

strain! 810 and second lane constraint 820. 
[0169] At step 1010, process 1000 may include acquir­
ing, using at least one image capture device 122, 124, 
and/or 126, a plurality of images of an area in the vicinity 

20 of vehicle 200. For example, processing unit 110 may 
receive the plurality of images may through data interface 
128. For example, processing unit 110 may be configured 
to determine the presence of one or more objects 825 

on the side of the road. For example, object 825 may be 
25 a parked or stationary vehicle, a wall, or a person, such 

as pedestrian or cycling traffic. Processing unit 110 may 
determine if a lane offset condition exists based on cer-

30 

lain characteristics of object 825. For example, process­
ing unit 110 may determine that object 825 constitutes a 
lane offset condition if the height of object 825 exceeds 

a predetermined threshold, such as 10 cm from a road 
surface. In this manner, processing unit 110 may be con­
figured to filter out objects that would not present a lane 

offset condition, such as small pieces of debris. 
may process the plurality of images received from at least 35 

one image capture device 122-124 to detect first lane 

[0170] Additionally or alternatively, processing unit 110 

may be configured to determine whether a lane offset 
constraint 810 and second lane constraint 820. As dis­

cussed above, this may include identifying painted lane 
lines and/or measuring a midpoint of a road surface. 
[0167] Lane offset module 920 may store instructions 
which, when executed by processing unit 110, may de­
tect the presence of a lane offset condition and/or identify 

whether lane offset condition is present on first vehicle 

side 802 and/or second vehicle side 812. For example, 
lane offset module 920 may process the plurality of im­
ages to detect the presence of object(s) 825 on first ve­

hicle side 802 and/or second vehicle side 812. Lane offset 
module 920 may process the plurality of images to detect 

condition exists on first vehicle side 802 based on a po­
sition of a target object 830 on vehicle first side 802. Tar­
get object 830 may be one or more objects that constitute 

40 a lane offset condition. Additionally or alternatively, target 

object 830 may not constitute a lane offset condition. For 
example, target object 830 may be a road barrier or a 

street sign. Processing unit 110 may be configured to 

conclude a lane offset condition does not exist if such a 
45 target object 830 is detected. 

[0171] At step 1020, process 1000 may determine from 
the plurality of images a first lane constraint on first ve­

hicle side 802 and a second lane constraint on second 

a curve in the road on which vehicle 200 is traveling. 
Additionally or alternatively, lane offset module 920 may 50 

vehicle side 812. For example, processing unit 110 may 
be configured to determine first lane constraint 810 and 
second lane constraint 820 based on the plurality of im-receive information from another module or other system 

indicative of the presence of object(s) 825 and/or a 
curved lane. Lane offset module 920 may execute control 
to change the position of vehicle 200 to first lane con-
strain! 810 and/or second lane constraint 820. For exam- 55 

pie, if lane offset module 920 determines a lane offset 
condition only on first vehicle side 802, lane offset module 
920 may move vehicle 200 closer to second lane con-

28 

ages received via data interface 128. 
[0172] At step 1030, process 1000 may determine 
whether a lane offset condition exists on first vehicle side 

802. If a lane offset condition does exist on first vehicle 

side 802, at step 1040, process 1000 may include caus­
ing vehicle 200 to travel within first lane constraint 810 
and second lane constraint 820 such that second dis-
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lance 815 is less than first distance 805. Processing unit 

110 may be configured to cause vehicle 200 to travel 
such that first distance 805 and second distance 810 are 
substantially different to avoid or stay farther away from 
object 825. For example, if a lane offset condition exists 
on first vehicle side 802, processing unit 110 may be 
configured to cause vehicle 200 to travel within first lane 

constraint 810 and second lane constraint 820 such that 
first distance 805 is greater than second distance 815. 

This is illustrated, for example, in FIG. BA. Alternatively, 
if a lane offset condition exists on second vehicle side 
812, processing unit 110 may be configured to cause 

vehicle 200 to travel within first lane constraint 810 and 

second lane constraint 820 such that first distance 805 
is less than second distance 815. This is illustrated, for 
example, in FIG BB. For example, to navigate vehicle 
200 according to process 1000, processing unit 110 may 
transmit electronic signals to one or more of throttling 
system 220, braking system 230, and/or steering system 

240 of vehicle 200. 
[0173] If a lane offset condition does not exist on first 

vehicle side 802, in step 1050, method may include de­
termining whether lane offset condition exists on second 
vehicle side 812. If a lane offset condition exists on sec-

of roadway 800. Navigation system 100 may be config­

ured to determine whether vehicle 200 is traveling in pre­
determined default travel lane 1120 and, if not, cause 
vehicle 200 to change to predetermined default travel 

5 lane 1120. For example, processing unit 110 maybe con­

figured to compare current lane of travel 1110 with pre­
determined default travel lane 1120 and cause vehicle 

200 to return to predetermined default travel lane 1120. 
[0177] According to some embodiments, processing 

10 unit 110 may detect an object 1130 in predetermined 
default travel lane 1120 based on a plurality of images 
acquired by one or more of image capture devices 

122-126. Processing unit 110 may detect the position 

and speed of vehicle 200 relative to object 1130 by an-
15 alyzing the images using techniques described in con­

nection with FIGS. 5A-5D, above. According to some em­
bodiments, processing unit 110 may determine whether 
vehicle 200 should pass object 1130. This may be desir­
able if, for example, the speed and/or acceleration of ve-

20 hide 200 relative to object 1130 exceeds a certain thresh­

old. 
[0178] FIG. 12A is an exemplary block diagram of 
memory 140, which may store instructions for performing 
one or more operations consistent with disclosed em-

ond vehicle side 812, the method may include causing 25 

vehicle 200 to travel between first lane constraint 810 
bodiments. As illustrated in FIG. 12A, memory 140 may 
store one or more modules for performing the default 
travel lane and current travel lane detection and respons­
es described herein. For example, memory 140 may 
store a current lane detection module 1210, a default 

and second lane constraint 820 such that first distance 
805 is less than second distance 815. 

Navigating a Vehicle to a Default Lane 30 

[0174] System 100 may provide driver assist function-
ality that monitors the location of vehicle 200 in a current 

lane of travel and moves vehicle 200 into a predetermined 
default travel lane if the current lane of travel is not the 35 

predetermined default travel lane. The predetermined 

default travel lane may be defined by a user input and/or 
as a result of processing images received from at least 
one image capture device 122-126. 

lane detection module 1220, and an action module 1230. 

[0179] Current lane detection module 1210 may store 
instructions which, when executed by processing unit 

110, may detect and define current lane of travel 1110. 
For example, processing unit 110 may execute current 
lane detection module 1212 to process the plurality of 

images received from at least one image capture device 
122-124 and detect current lane of travel 1110. This may 

include detecting the relative position of vehicle 200 with 
respect to the edge of roadway 800, a midpoint of road-

[0175] System 100 may also provide notification of an 
impending lane change of vehicle 200 to the predeter­
mined default travel lane to the driver and passengers of 

vehicle 200 and/or other drivers. For example, system 

40 way 800, and/or lane markers, such as painted lane lines. 

100 may activate a turn signal positioned at or near one 
of bumper regions 210. Additionally or alternatively, sys- 45 

tern 100 may sound an audible notification, such as 
through speakers 360. Vehicle 200 may use system 100 

to select a particular lane as predetermined default travel 

lane when vehicle is traveling. When the current lane 
within which vehicle 200 is traveling-e.g., the current lane 50 

of travel-differs from the predetermined default travel 
lane, system 100 may cause vehicle 200 to make a lane 
change, e.g., into the predetermined default travel lane. 
[0176] FIG. 11 illustrates vehicle 200 traveling in a cur-
rent lane of travel 1110 of roadway 800. According to 55 

some embodiments, vehicle 200 may have a predeter­

mined default travel lane 1120. For example, predeter­
mined default travel lane 1120 may be the right-most lane 

29 

Processing unit 110 may detect the position of vehicle 
200 relative to roadway 800 by analyzing the images us­

ing techniques described in connection with FIGS. 5A-

5D, above. 
[0180] Default lane detection module 1220 may store 
instructions which, when executed by processing unit 
110, may identify predetermined default travel lane 1120 

and compare default lane detection module 1220 to cur­
rent lane of travel 111 0 identified by current lane detec­

tion module 1210. Default lane detection module 1220 
may identify predetermined default travel lane 1120 
based upon a user input and/or the plurality of images 
received from at least one image capture device 122-124. 
For example, a user may select a default lane through 

voice commands received by speakers 360 or by making 
a selection on a menu displayed on touch screen 320. 
[0181] In some embodiments, predetermined default 
travel lane 1120 may be the right-most travel lane, or it 
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may be the lane that has the more desirable features. 

For example, default lane detection module 1220 may 
include instructions to select the lane with less traffic. the 
lane in which vehicles are traveling closest to speed of 
vehicle 200. and/or a lane closest to an approaching exit 5 

or street to which vehicle 200 will turn. In some embod-
iments, predetermined default travel lane 1120 may be 

determined based on data received from position sensor 
130, such as a global positioning system. 

ing the center of current lane of travel 1110. These in­

structions may include gradually transitioning from fol­

lowing the predicted lane with offset to following current 
lane of travel 1110. A gradual transition may be accom­
plished by defining desired look-ahead point so that it is 
not allowed to change in time more than the recommend-
ed slew rate, which may be around 0.25 m/sec. 

[0187] The instructions for transitioning vehicle 200 
from predetermined default travel lane 1120 may be used 

[0182] Action module 1230 may store instructions 
which, when executed by processing unit 110, may cause 

a response to the identification of current lane of travel 
1110 and predetermined default travel lane 1120. For 

example, processing unit 110 may execute action mod­
ule 1230 to cause vehicle 200 to change lanes if current 
lane of travel 1110 is not the same as predetermined 
default travel lane 1120. Additionally or alternatively, ac-

10 to transition vehicle 200 back into predetermined default 
travel lane. For example, processing unit 110 may be 
configured to execute an offset profile that offsets vehicle 

200 from current lane of travel 1110 by a full lane width, 

which may be estimated based on the distance between 
15 detected lane markers. The offset maneuver defined by 

offset profile may be executed by processing unit 110 so 
that the movement of vehicle 200 is smooth and com-
fortable for the driver. For example, the offset slew rate 
may be approximately 0.15 to 0.75 m/sec. During the 

tion module 1230 may initiate a notification of the lane 
change, such as activating turn signal 210 and or causing 

an audible announcement. 
[0183] Action module 1230 may include instructions 
that cause processing unit 110 to determine whether ve-

20 offset maneuver, processing unit 110 may execute in­
structions from action module 1230 that switch to follow-

hicle 200 should move out of predetermined default travel 
lane 1120. For example, action module 1230 may deter­
mine that object 1130 in predetermined default travel lane 25 

1120 should be bypassed by vehicle 200. 
[0184] Action module 1230 may further include instruc­
tions that cause processing unit 110 to determine wheth­
er it is safe to make a lane change. For example, prior 
to executing a lane change, processing unit 110 may 30 

evaluate determine one or more characteristics of road-
way 800 based on, for example, analysis of the plurality 
of images conducted using techniques described in con­
nection with FIGS. 5A-5D, above. If the analysis indicates 
conditions are not safe to change lanes. processing unit 35 

110 may determine that vehicle 200 should stay in the 

current lane. 
[0185] Action module 1230 may include additional in­
structions for manipulating vehicle 200 to maneuver out 
of and return to predetermined default travel lane 1120, 40 

such as for bypassing object 1130. When executing 
these instructions, processing unit 110 may estimate a 

location of predetermined default travel lane 1120 using 
estimated motion of vehicle 200. This may be advanta­
geous in circumstances in which predetermined default 45 

travel lane 1120 does not remain detectable by image 
capture devices 122-124. 
[0186] Processing unit 110 may be configured to exe-

cute an offset profile that offsets vehicle 200 from prede­
termined default travel lane 1120 by a full lane width, 50 

which may be estimated based on the distance between 
detected lane markers. The offset maneuver defined by 
offset profile may be executed by processing unit 110 so 
that the movement of vehicle 200 is smooth and com-
fortable for the driver. For example, the offset slew rate 55 

may be approximately 0.15 to 0.75 m/sec. During the 
offset maneuver, processing unit 110 may execute in­
structions from action module 1230 that switch to follow-

30 

ing the center of predetermined default travel lane 1120. 
These instructions may include gradually transitioning 
from following the predicted lane with offset to following 

predetermined default travel lane 1120. A gradual tran­
sition may be accomplished by defining desired look­
ahead point so that it is not allowed to change in time 
more than the recommended slew rate, which may be 
around 0.25 m/sec. 
[0188] At one or more of the steps for transitioning ve­

hicle 200 between two lanes, processing unit 110 may 
compute and implement a yaw rate command based on 
the look-ahead point and the offset profiles. The yaw rate 
command may be used to compute a torque command 
based on the yaw rate command and the yaw rate of 

vehicle 200 measured using a gyroscope. Processing 

unit 110 may transmit a torque command to a steering 
system (e.g., steering system 240) of vehicle 200. 
[0189] FIG. 12B illustrates a process 1250 for navigat­
ing vehicle 200 to a default lane consistent with disclosed 
embodiments. According to some embodiments, proc­
ess 1250 may be implemented by one or more compo­

nents of navigation system 100, such as at least one 
processing unit 110. Process 1250 may identify current 

lane of travel 1110 of vehicle 200 and compare it with 
predetermined default travel lane 1120 to determine 
whether vehicle 200 is traveling within predetermined de­

fault travel lane 1120. If vehicle 200 is not travel ing in 

predetermined default travel lane 1120, processing unit 
110 may cause vehicle 200 to change lanes so that it 
navigates to default travel lane 1120. 
[0190] At step 1260, one or more of image capture de­
vices 122-124 may acquire a plurality of images of an 
area in a vicinity of vehicle 200. Processing unit 110 may 

receive the plurality of images via data interface 128. 
[0191] At step 1270, processing unit 110 may execute 

current lane detection module 1210 detect and define 
current lane of travel 1110. For example. processing unit 
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110 may process the plurality of images to, for example, 

detect the relative position of vehicle 200 with respect to 
the edge of roadway 100, a midpoint of roadway 100, 
and/or painted lane markers. Processing unit 110 may 
detect the position of vehicle 200 relative to roadway 800 5 

by analyzing the images using techniques described in 
connection with FIGS. 5A-5D, above. 

In other embodiments, execution of action module 1230 

may initiate a notification to a driver of vehicle 200 that 
vehicle 200 is not traveling in a default lane without caus-
ing the lane change to occur. Accordingly, in such an 
embodiment, the driver of vehicle 200 may determine 
whether to manually take action and steer vehicle 200 to 
change lanes. 

[0197] In some embodiments, system 100 may notify 
the user of vehicle 200 and/or other drivers in the vicinity 

[0192] At step 1280. processing unit 110 may execute 
default lane detection module 1220 to identify predeter­

mined default travel lane 1120 and compare default lane 
detection module 1220 to current lane of travel 1110 iden-
tified by current lane detection module 1210. Default lane 

detection module 1220 may identify predetermined de-

fault travel lane 1120 based upon a user input and/or the 
plurality of images received from at least one image cap­
ture device 122-124. 

10 of vehicle 200 that vehicle 200 will be changing lanes if 

vehicle 200 will be moved to predetermined default travel 
lane 1120. For example, processing unit 110 may acti­
vate a turn signal of vehicle 200 prior to causing vehicle 

200 to change lanes. Additionally or alternatively, an au-
15 dible announcement to notify other drivers in the vicinity 

may be caused by processing unit 110. The audible an-
[0193] For example, as discussed above, processing 
unit 110 may determine predetermined default travel lane 
1120 based on any number of factors. Predetermined 

default travel lane 1120 may be the right-most lane 20 

among the plurality of travel lanes 1110 and 1120. Addi­
tionally or alternatively, predetermined default travel lane 
1120 may be determined based on an input received 

from a user via user interface 170, by processing the 

nouncement may be transmitted via, for example. Blue­
tooth, to receivers included in other nearby vehicles. Ad­
ditionally or alternatively, at least one processing unit 110 

may cause an audible indicator to notify the driver of ve­
hicle 200 prior to causing vehicle 200 to switch lanes. In 

this manner, driver of vehicle 200 can anticipate the con­
trol system 1 00 will exert on vehicle 200. 

plurality of images, and/or based on data received from 25 Controlling Velocity of a Turning Vehicle 

position sensor 130, such as a global positioning system. 
Predetermined default travel lane 1120 may be deter­
mined once, once per vehicle trip, or on regular intervals. 
For example, predetermined default travel lane 1120 may 
be determined dynamically in response to conditions at 30 

a given location. 
[0194] If current lane 1110 is not the same as prede­

termined default travel lane 1120, processing unit 110 
may execute action module 1230 to cause vehicle 100 
to navigate to default travel lane 1120. For example, 35 

processing unit 110 may transmit electronic signals to 

one or more of throttling system 220, braking system 230, 
and/or steering system 240 of vehicle 200 to trigger the 
desired response. For example, processing unit 110 may 
cause steering system 240 to turn the steering wheel of 40 

vehicle 200 to achieve a rotation of a predetermined an-
gle. 

[0195] Further, prior to executing a lane change, 
processing unit 110 may determine whether it is safe 
(e.g., there are no vehicles or objects in the way) to 45 

change lanes. As discussed above, processing unit 110 
may evaluate one or more characteristics of roadway 800 

based on, for example, analysis of the plurality of images 

conducted using techniques described in connection with 
FIGS. 5A-5D, above. If conditions are not safe to change so 
lanes, processing unit 110 may determine that vehicle 
200 should stay in the current lane. 

[0198] System 100 may provide driver assist function­
ality that controls the velocity (i.e., speed and/or direction) 
of vehicle 200 in different scenarios, such as while mak­
ing a turn (e.g., through a curve). For example, system 

100 may be configured to use a combination of map, 
position, and/or visual data to control the velocity of ve­
hicle 200 when turning. In particular, system 100 may 
control the velocity of vehicle 200 as it approaches a 

curve, while navigating a curve. and/or as it exits a curve. 
System 100 may consider different factors to control the 

velocity depending on the position of vehicle 200 relative 
to the curve at a given time. For example. system 100 
may initially cause vehicle 200 to slow down in response 
to learning that a curve is located a certain distance 
ahead of vehicle 200. While vehicle 200 turns through 
the curve, however, system 100 may cause vehicle 200 

to accelerate and/or charge direction based on an anal­
ysis of the characteristics of the curve. 
[0199] FIGS.13Aand 13B arediagrammaticrepresen­
tations of a vehicle (e.g., vehicle 200) approaching, and 
navigating, a curve with one or more characteristics on 

road 1300, consistent with the disclosed embodiments. 

As illustrated in FIG. 13A, visual indicators, such as road 
sign 1302 located near road 1300, may inform vehicle 
200 that a curve lies ahead. In response to the warning 
provided by road sign 1302, a driver of vehicle 200 and/or 
a system 100 providing driver assist functionality of ve­
hicle 200 may adjust the velocity of vehicle 200 (e.g., by 

[0196] In some embodiments, execution of action 
module 1230 may initiate a notification of the lane 

change. For example, processing unit 110 may cause a 
signal to activate a turn signal and/or cause an audible 
announcement via speakers 360. Accordingly, such no­
tification may occur prior to vehicle 200 changing lanes. 

55 slowing down and/or steering) to safely navigate the 

31 

curve. 
[0200] As vehicle 200 approaches the curve, system 
100 may detect the lane width 1306 and the curve radius 
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1308 by using image capture devices 122 and/or 124 

(which may be cameras) of vehicle 200. Based on the 
curve radius 1308, the lane width 1306, and other char-
acteristics associated with the curve detected using im-

with a curve detected by system 100 (e.g., via execution 

of curve recognition module 1402). Processing unit 110 
may observe characteristics associated with a detected 

age capture devices 122 and/or 124, system 100 may 5 

adjust the velocity of vehicle 200. Specifically, system 

curve by analyzing one or more sets of images acquired 
by one or more of image capture devices 122, 124, and 
126 and/or using map and/or position data (e.g., data 

100 may adjust the velocity as vehicle 200 approaches 

the curve and/or while vehicle 200 navigates the curve. 
System 100 may also adjust the velocity as vehicle 200 

exits the curve, in response to, for example, traffic light 
1304 appearing after the curve. Further detail regarding 
adjustments to the velocity of vehicle 200 and detection 

of the lane width 1306, the radius of curvature or curve 

radius 1308, and characteristics associated with the 
curve are described in connection with FIGS. 14 and 15, 

below. 
[0201] In some embodiments, system 100 may recog-
nize a curve to be navigated based on map data and/or 
vehicle position information (e.g., GPS data). System 100 

may determine an initial target velocity for the vehicle 

based on one or more characteristics of the curve as 
reflected in the map data. System 1 00 may adjust a ve­
locity of the vehicle to the initial target velocity and de­

termine, based on one or more images acquired by one 

or more of image capture devices 122-126, one or more 
observed characteristics of the curve. System 100 may 
determine an updated target velocity based on the one 
or more observed characteristics of the curve and adjust 

stored in map database 160). The analysis may yield 

information associated with the curve, such as curve ra­
dius 1308, lane width 1306, a degree of curvature, a rate 

10 of change in curvature, a degree of banking, a length or 

arc length of the curve, and the like. These characteristics 
may include estimated values (e.g., curve characteristics 

calculated using preexisting data and/or mathematical 

models based on such data) and actual values (e.g., 
15 curve characteristics calculated by analyzing captured 

images of the curve). Based on the analysis, processing 
unit 110 may cause a change in velocity of vehicle 200. 
For example, processing unit 110 may cause vehicle 200 
to reduce its speed and/or adjust its direction by a par-

20 ticular angle in view of a high rate of change in curvature 
associated with a curve located 25 meters ahead of ve­

hicle 200. 
[0205] In one embodiment, velocity module 1406 may 
store software instructions configured to analyze data 

25 from one or more computing and electromechanical de­

vices configured to determine a target velocity and cause 
a change in velocity of vehicle 200 to the target velocity. 
For example, processing unit 110 may execute velocity 

the velocity of the vehicle to the updated target velocity. 
[0202] FIG. 14 is an exemplary block diagram of a 30 

module 1406 to calculate a target velocity for vehicle 200 
based on data derived from execution of curve recogni­

tion module 1402 and characteristic observation module 

1404. Such data may include, for example, an initial tar­
get position and initial velocity, an updated target position 

memory configured to store instructions for performing 
one or more operations consistent with the disclosed em­
bodiments. As indicated in FIG. 14, memory 140 may 

store a curve recognition module 1402, a characteristic 
observation module 1404, and a velocity module 1406. 35 
The disclosed embodiments are not limited to any par­

ticular configuration of memory 140. Further, processing 
unit 110 may execute the instructions stored in any of 
modules 1402-1406 included in memory 140. 
[0203] In one embodiment, curve recognition module 40 

1402 may store software instructions (such as computer 
vision software)which. when executed by processing unit 

110, detects a curve by, for example, analyzing one or 
more sets of images and/or using map and/or position 
data (e.g., data stored in map database 160). The image 45 

and updated velocity, a final target position and final ve­
locity, and the like. In addition, processing unit 110 may 

calculate a velocity for vehicle 200 based on input from 

other systems of vehicle 200, such as a throttling system 
220, braking system 230, and/or steering system 240 of 
vehicle 200. Based on the calculated target velocity, 
processing unit 110 may transmit electronic signals (e.g., 
via a controller area network bus ("CAN bus")) to throttling 

system 220, braking system 230, and/or steering system 

240 of vehicle 200 to trigger a change in the speed and/or 
direction of vehicle 200 by, for example, physically de­
pressing the brake, easing up off the accelerator of ve­

hicle 200, or steering vehicle 200 in a particular direction 
(e.g., at a particular angle). An increase in speed may be 

associated with a corresponding acceleration (e.g., be­

tween 0.2 m/sec2 and 3.0 m/sec2). Conversely, a de-

sets may be acquired by one or more of image capture 

devices 122, 124, and 126. Based on the analysis, sys­
tem 100 (e.g., via processing unit 110) may cause a 

change in velocity of vehicle 200. For example, process­
ing unit 110 may cause vehicle 200 to reduce its speed 
by a predetermined amount and/or adjust its direction by 
a particular angle if processing unit 110 detects the pres­
ence of a curve located within a minimum threshold dis­
tance ahead of vehicle 200. 

50 crease in speed may be associated with a corresponding 

deceleration. In addition, the acceleration or deceleration 
may be based on the road type (e.g., highway, city street, 
country road, etc.), the presence of any speed constraints 

[0204] In one embodiment, characteristic observation 55 

module 1404 may store software instructions (such as 
computer vision software) which, when executed by 

processing unit 110, observes characteristics associated 

32 

nearby (e.g., sharp curves, traffic lights), as well as a 

road width or lane width 1306. For purposes of this dis­
closure, deceleration may refer to an acceleration having 
a negative value. 
[0206] FIG. 15 is a flow chart showing an exemplary 
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process 1500 for controlling the velocity of a vehicle 

based on a detected curve and observed characteristics 
of the curve and/or map data regarding the curve con­
sistent with disclosed embodiments. At step 1510, 
processing unit 110 may receive a plurality of images via 
data interface 128 between processing unit 110 and im­
age acquisition unit 120. For instance, a camera included 

in image acquisition unit 120 (such as image capture de­
vice 122) may capture a plurality of images and transmit 
them over a digital connection (e.g., USB, wireless, Blue­

tooth, etc.) to processing unit 110. In some embodiments. 
processing unit 110 may receive more than one plurality 

of images via a plurality of data interfaces. For example, 

processing unit 110 may receive a plurality of images 
from each of image capture devices 122, 124, 126, each 
of which may have an associated data interface for com­
municating data to processing unit 110. The disclosed 
embodiments are not limited to any particular data inter-
face configurations or protocols. 

celeration limit may be in the range of 0.2 m/sec2 and 3.0 

m/sec2 and may be adjusted depending on the curve 
characteristics, the road width, or lane width 1306. Ad­
ditionally, the initial target velocity may be based on a 

5 focal range associated with one or more of cameras, such 

as image capture devices 122 and 124. 
[0209] For example, velocity module 1406 may deter­

mine the initial target velocity based on the radius of cur­
vature of the road ahead of vehicle 200. Velocity module 

10 1406 may determine the radius of curvature at various 

distances from vehicle 200 and store the infonmation in 
a vector R(1 :n). In one embodiment, velocity module 

1406 may determine the radius of curvature at: (1) the 

current position of vehicle 200, (2) a distance Oend from 
15 vehicle 200, where Oend represents the distance ahead 

of vehicle 200 at which knowledge of the road character­
istics allows system 100 to control navigational respons­
es in vehicle 200 such that the driver may feel comfort-

[0207] At step 1520, processing unit 110 may execute 20 

curve recognition module 1502 to detect a curve located 

ahead of vehicle 200 based on, for example, map and/or 
position data (e.g., data stored in map database 160). 
Such data may indicate the location of a curve that is 

able, and (3) at incremental distances from vehicle 200, 

such as every 1 meter, etc. The value of distance Oend 

may depend on the current speed of vehicle 200, Vega· 

For example, the greater the value of Vega (e.g., the faster 
vehicle 200 is traveling), the greater the value of Oend 

(e.g., the longer the distance may be taken into account 

present on a given road. The data may indicate the ab- 25 to provide system 100 with sufficient time to provide a 

solute position of a particular curve (e.g., via GPS coor­
dinates) or the relative position of the curve (e.g., by de­
scribing the curve relative to vehicle 200, road sign 1302, 
traffic light 1304, and/or other descriptive landmarks). In 
some embodiments, processing unit 110 may execute 

curve recognition module 1502 to detect the curve by 
analyzing the plurality of images. The analysis may be 
conducted using techniques described in connection with 

FIGS. 5A-5D and 6, above. 

navigational response, such as comfortably reducing the 
speed of vehicle 200 based on an approaching sharp 
turn or curve). In one embodiment, Oend may be calcu­

lated according to the following equation: Oend = (Vega 2 

30 I 2) I (0.7 I 40 * Vega + 0.5). Thus, the vector 0(1 n) = 

[1:1:n], where n = floor(Oendl-
[0210] In some embodiments, velocity module 1406 
may determine the initial target velocity based on a lateral 

[0208] At step 1530. processing unit 110 may execute 35 

acceleration constraint, amax, e.g., the maximum allowed 
lateral acceleration. amax may fall in the range of 1.5 to 
3.5 meters I sec2. Based on amax and the radius of cur-velocity module 1406 to determine an initial target veloc­

ity for vehicle 200 based on, for example. data derived 
from execution of curve recognition module 1402. The 
initial target velocity may reflect a speed and a direction 
for vehicle 200 to safely enter an upcoming curve and 
may be determined using techniques described in con­
nection with FIG. 14, above. For example, velocity mod­

ule 1406 may determine the initial target velocity based 

on known or estimated characteristics associated with 
the upcoming curve. such as the curve radius 1308 and 
the degree of banking. Velocity module 1406 may calcu­
late the initial target velocity in accordance with mathe­

matical models and/or formulae and based on various 

constraints. In some embodiments, for example, velocity 
module 1406 may detenmine the Initial target velocity 
based on the presence of traffic lights (such as traffic 
light 1304) before, during, or after a curve, weather con­
ditions (e.g., light rain, heavy rain, windy, clear, etc.), road 
conditions (e.g., paved road, unpaved road, potholes, 

etc.), posted speed limits, the presence of vehicles or 
pedestrians nearby, etc. The initial target velocity may 

also be based on a lateral acceleration limit associated 
with vehicle 200. In some embodiments, the lateral ac-

vature vector R (discussed above), velocity module 1406 
may limit the speed of vehicle 200 (e.g., at different points 
or distances from the current position of vehicle 200) to 

40 a speed vhm, calculated as: vhm(1 :n) =sqrt(amax * R(1 :n)). 

45 

In addition, a deceleration constraint that follows from 
the determination of vhm may be calculated as: dechm = 

min{((vhm(1 n)2 - Vega2)12), max{dmin, 0(1 n)- 2 * Vega}}, 

where dmin is equal to 40 meters. The value of dmin may 
represent a point at which deceleration feels comfortable 
for the driver of vehicle 200. 
[0211] In some embodiments, velocity module 1406 
may determine the initial target velocity based on a cur­

vature slew rate constraint, s/ewmax, which may be based 
50 on the curvature rate of change. s/ewmax may fall in the 

range of 0.5 to 1.5 meters I sec3. Velocity module 1406 
may determine vhm according the following equation: 
vhm(1 n) = (slewmax I abs{ diff {1/R(1 :n)}})1l3_ Further, ve­
locity module 1406 may determine dechm according to 

55 the equation: declim = min{((vlim(1 :n)2 - Vega2)/2), max 

{dmin• 0(1 :n)-2 * Vega}}, where dmin is equal to 40 meters. 
[0212] In some embodiments, velocity module 1406 
may determine a comfort constraint such that the driver 
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of vehicle 200 is comfortable while vehicle 200 is under-

going various navigational responses, such as making a 
turn or navigating a curve. Velocity module 1406 may 
determine vlim according to the following equation: 
vlim(1 :n)- 4/500 • R(1n) + 22.5. Further, velocity module 
1406 may determine declim according to the equation: 

declim = min{((vlim(1 :n)2 - Ve90
2)/2), max{dminO(1 n) - 2 

• Ve90}}, where dmin is equal to 40 meters. 
[0213] Velocity module 1406 may merge the three con­
straints determined above-the lateral acceleration con­

straint, the curvature slew rate constraint, and comfort 
constraint-by using the smallest value of declim calculat-
ed in association with each constraint. After merging the 

constraints, velocity module 1406 may arrive at the initial 
target velocity by determining how much to adjust the 
speed of vehicle 200, denoted Vcam, according to the fol­

lowing equation: vcam = vcam(prev) + declim • flt, where 
vcam/prev) represents the prior speed of vehicle 200 (e.g .. 
a previously determined speed, the speed of vehicle 200 

prior to any adjustment by velocity module 1406, etc.), 

and flt represents the time between the determination of 

Vcam and Vcam(prev)· 
[0214] At step 1540. processing unit 110 may execute 
velocity module 1406 to adjust a velocity of vehicle 200 

to the initial target velocity determined at step 1530. 
Based on the current velocity of vehicle 200 and the initial 
target velocity determined at step 1530, processing unit 
110 may transmit electronic signals to throttling system 

characteristic observation module 1404 to determine one 
or more characteristics of a curve located ahead of ve­

hicle 200 based on, for example, analysis of the plurality 
of images conducted using techniques described in con-

5 nection with FIGS. 5A-5D, above. The characteristics 

may include, for example, estimated and/or actual values 
associated with curve radius 1308, a road width or lane 

width 1306, a degree of curvature, a rate of change in 
curvature, a degree of banking, and the like. The char-

10 acteristics may also include, for example, information 
conveyed by one or more road signs (such as road sign 

1302). Furthermore, the characteristics may include the 
length or arc length of the detected curve, which may be 

a function of the speed of vehicle 200 as it approaches 
15 the curve. Processing unit 110 may execute character­

istic observation module 1404 to calculate values asso­
ciated with these characteristics (e.g .. curve radius 1308, 
the degree of curvature, the rate of change in curvature, 
the arc length of the curve, etc.) based on mathematical 

20 models and/or formulae. In some embodiments, 
processing unit 110 may execute characteristic observa­
tion module 1404 to construct a mathematical model ex­
pressing the curvature of the curve as a function of dis­
tance (e.g., distance traveled). Such a model may be 

25 subject to constraints such as a maximum lateral accel­

eration constraint (e.g., in the range of 1.5 to 3.0 m/sec2) 

220, braking system 230, and/or steering system 240 of 
vehicle 200 to change the velocity of vehicle 200 to the 30 

and/or a maximum lateral acceleration derivative con­
straint (e.g., in the range of 0.8 to 1.2 m/sec2). These 
constraints may yield a maximum speed for vehicle 200 
as a function of distance traveled. 

initial target velocity. Further, one or more actuators may 
control throttling system 220, braking system 230, and/or 
steering system 240. For example, processing unit 110 
may transmit electronic signals that cause system 100 
to physically depress the brake by a predetermined 

amount or ease partially off the accelerator of vehicle 

200. Further, processing unit 110 may transmit electronic 
signals that cause system 100 to steer vehicle 200 in a 
particular direction. In some embodiments, the magni-

[0216] At step 1560, processing unit 110 may execute 
velocity module 1406 to calculate an updated target ve­
locity based on the characteristics determined at step 
1550. The updated target velocity may reflect an updated 

35 speed and/or direction for vehicle 200 to safely perform 

any combination of: (i) entering an upcoming curve, (ii) 

navigating through a curve, or (iii) exiting a curve. The 
updated target velocity may be determined using tech-

tude of acceleration (or de-acceleration) may be based 40 

niques described in connection with FIG. 14 and step 
1530, above. For example, velocity module 1406 may 
determine the updated target velocity based on charac-on the difference between the current velocity of vehicle 

200 and the initial target velocity. Where the difference 

is large (e.g., the current velocity is 10 km/hr greater than 
the initial target velocity), for example, system 100 may 
change the current velocity by braking in a manner that 

maximizes deceleration and results in vehicle 200 
achieving the initial target velocity in the shortest amount 

of time safely possible. Alternatively, system 100 may 

apply the brakes in a manner that minimizes deceleration 
and results in vehicle 200 achieving the initial target ve­
locity gradually. More generally, system 100 may change 
the current velocity to the initial target velocity according 
to any particular braking profile (e.g., a braking profile 
calling fora high level of braking for the first two seconds, 

teristics associated with a curve and mathematical mod­

els and/or formulae. 
[0217] At step 1570, processing unit 110 may execute 

45 velocity module 1406 to adjust the velocity of vehicle 200 
to the updated target velocity determined at step 1560. 
This adjustment may be accomplished using techniques 

described in connection with step 1540, above. For ex­

ample, based on the current velocity of vehicle 200 and 
50 the updated target velocity determined at step 1560, 

processing unit 110 may transmit electronic signals (e.g., 
via a CAN bus) to throttling system 220, braking system 
230, and/or steering system 240 of vehicle 200 to change 

and a low level of braking for the subsequent three sec- 55 

ands). The disclosed embodiments are not limited to any 
particular braking profile or manner of braking. 

the velocity of vehicle 200 to the updated target velocity. 

At this point, the current velocity of vehicle 200 is not 
necessarily the same as the initial target velocity deter-

mined at step 1530. For example, processing unit 110 
may have determined the updated target velocity at step [0215] At step 1550, processing unit 110 may execute 
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1560 while in the process of adjusting the velocity of ve­
hicle 200 to the initial target velocity. This may be true in 
the case where the difference in the velocity of vehicle 
200 and the initial target velocity is large (e.g., greater 
than 10 km/hr) and the associated acceleration is small. 5 

[0218] In some embodiments, system 100 may make 
regular updates to the target velocity based on continued 

observations of characteristics of a curve (e.g., based on 
image data depicting portions of the curve that vehicle 

vehicle 200b may be positioned anywhere on road 

1600a. Further, although FIG. 16A depicts leading vehi­
cle 200b as having a camera system, the disclosed em­
bodiments are not limited to a configuration in which lead­
ing vehicle 200b includes a camera system. 
[0221] System 100 of primary vehicle 200a may cause 
primary vehicle 200a to mimic one or more actions of 

leading vehicle 200b. As shown in FIG. 16B, for example, 
primary vehicle 200a may mimic a lane shift performed 
by leading vehicle 200b. After mimicking the lane shift, 
distance c1 may be equal to distance c3, and distance c2 
may be equal to distance c4. In some embodiments, pri­
mary vehicle 200a may mimic a lane shift performed by 

leading vehicle 200b in a way such that distances c1 and 

200 is approaching). Additionally, after system 100 has 10 

navigated vehicle 200 through a curve, system 100 may 
cause vehicle 200 to accelerate to a new target velocity 

suitable for traveling a segment of the road that does not 

have curves, as determined by analyzing map data, po­
sitional data, and/or image data acquired by system 100. 15 c3, and c2 and c4, are unequal. For example, in the case 

where primary vehicle 200a mimics a leftward lane shift 
of primary vehicle 200b and is positioned (after the lane 
shift) to the left of primary vehicle 200a, c1 will be less 

Mimicking A Leading Vehicle 

[0219] System 100 may provide driver assist function-

ality that causes vehicle 200 to mimic ( or decline to mimic) 20 

a leading vehicle in different scenarios, such as when 
the leading vehicle switches lanes, accelerates, or makes 

than c3 and c2 will be greater than c4. Alternatively, where 

primary vehicle 200a mimics a leftward lane shift of pri­
mary vehicle 200b and is positioned to the right of primary 

vehicle 200a, c1 will be greater than c3 and c2 will be less 
than c4. 

[0222] FIGS. 16G and 16D are diagrammatic repre-
a turn. For example, system 100 may be configured to 
detect the leading vehicle by analyzing a plurality of im­

ages and determine one or more actions taken by the 
leading vehicle. In some scenarios, such as when the 
leading vehicle is turning at an intersection, system 100 

25 sentations of a primary vehicle 200a mimicking one or 

more actions of a leading vehicle 200b on road 1600b, 
consistent with the disclosed embodiments. As illustrated 
in FIG. 16G, primary vehicle 200a may be traveling be­
hind leading vehicle 200b, which may make a left turn at 

may be configured to cause vehicle 200 to decline to 
mimic the turn. In other scenarios, such as when the lead­
ing vehicle is turning at an intersection without changing 

lanes within the intersection, system 100 may be config­
ured to cause vehicle 200 to mimic the turn. System 100 

30 an intersection. System 100 of primary vehicle 200a may 

may also be configured to cause vehicle 200 to mimic 

cause primary vehicle 200a to mimic the left turn of lead­
ing vehicle 200b, as shown in FIG. 16D. System 100 may 
cause primary vehicle 200a to mimic the left turn based 

on various factors, such as whether leading vehicle 200b one or more actions of the leading vehicle based on a 
navigation history of the leading vehicle. 35 changes lanes while turning within the intersection, the 

[0220] FIGS. 16Aand 16B arediagrammaticrepresen­

tations of a primary vehicle 200a mimicking one or more 
actions of a leading vehicle 200b on road 1600a, con­
sistent with the disclosed embodiments. As illustrated in 
FIGS. 16A and 16B, primary vehicle 200a may be trailing 40 

leading vehicle 200b while traveling in the same lane of 
road 1600a. The lane may have a left edge 1620, a right 

edge 1630, and a midpoint 1610, with w1 and w2 indicat-
ing the left and right halves of the lane, respectively. Pri­
mary vehicle 200a and leading vehicle 200b may be po- 45 

sitioned in the lane such that neither vehicle is centered 
on the midpoint 1610. As shown in FIG. 16A, for example, 
primary vehicle 200a may be centered to the right of mid­

point 1610 such that the distance c1 between primary 
vehicle 200a and left edge 1620 is greater than the dis- 50 

lance c2 between primary vehicle 200a and right edge 
1630. In contrast, leading vehicle 200b may be centered 
to the left of midpoint 1610 such that the distance c3 be­
tween leading vehicle 200b and left edge 1620 is less 
than the distance c4 between leading vehicle 200b and 55 

right edge 1630. Different configurations of the positions 
of primary vehicle 200a and leading vehicle 200b are 
possible. For example, primary vehicle 200a and leading 

35 

navigation history associated with leading vehicle 200b, 

the relative difference in speed between primary vehicle 
200a and leading vehicle 200b, and the like. Additionally, 
primary vehicle 200a may mimic leading vehicle 200b 
under various conditions, such as based on whether 
leading vehicle 200b is traveling along the same route or 
the same portion of a route that primary vehicle 200a is 

traveling along. Further detail regarding scenarios in 
which system 100 may cause primary vehicle 200a to 
mimic one or more actions of leading vehicle 200b are 

described in connection with FIGS. 17-22, below. 
[0223] In some embodiments, system 100 may be con­

figured to determine whether to mimic a particular move­

ment of a leading vehicle. For example, system 100 may 
determine that certain movements of the leading vehicle 
do not need to be mimicked because the movements do 
not affect the course of the leading vehicle. For example, 
system 100 may determine that small changes in move­
ments, such as moving within a particular lane, do not 

need to be mimicked. In other embodiments, system 100 
may implement a smoothing operation to filter out small 
movements of a leading vehicle. The smoothing opera­
tion may cause the primary vehicle to implement more 
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significant and/or important movements (e.g., changing 
lanes) of a leading vehicle while filtering out smaller 
movements not affecting the overall course of the leading 
vehicle. 
[0224] FIG. 17 is an exemplary block diagram of a 5 

memory configured to store instructions for performing 
one or more operations consistent with the disclosed em­
bodiments. As shown in FIG. 17, memory 140 may store 
a lane constraint module 1702, an action detection mod-
ule 1704, and an action response module 1706. The dis- 10 

closed embodiments arc not limited to any particular con­
figuration of memory 140. Further, processing unit 110 
may execute the instructions stored in any of modules 
1702-1706 included in memory 140. 

5D, above. 
[0227] In one embodiment, action response module 
1706 may store software instructions (such as computer 
vision software )which, when executed by processing unit 
110, determines one or more actions for primary vehicle 
200a to take based on one or more actions taken by 
leading vehicle 200b detected by system 100 (e.g., via 
execution of action detection module 1704 ). For exam­
ple, processing unit 110 may execute action response 
module 1706 to determine whether to mimic one or more 
actions of leading vehicle 200b. This determination may 
be based on the nature of leading vehicle 200b's actions 
(e.g., turn, lane shift, etc.), information associated with 
primary vehicle 200a (e.g., speed, distance c1 and c2 

[0225] In one embodiment, lane constraint module 
1702 may store software instructions (such as computer 
vision software) which, when executed by processing unit 
110, determine one or more constraints associated with 
a lane that primary vehicle 200a is traveling in. The lane 
constraints may include a midpoint 1610, a left edge 
1620, and a right edge 1630 of the lane. The lane con­
straints may also include one or more lines or other sym­
bols marked on the surface of road 1600a or 1600b. 

15 from the lane edges, etc.), road and environmental con­
ditions (e.g., potholes, heavy rain or wind, etc.), and the 
like. In the case where processing unit 110 determines 
to mimic one or more actions of leading vehicle 200b, 
processing unit 110 may accomplish this by, for example, 

20 transmitting electronic signals (e.g., via a CAN bus) to 
throttling system 220, braking system 230, and/or steer­
ing system 240 of primary vehicle 200a to trigger a turn, 
lane shift, change in speed, and/or change in direction 

Processing unit 110 may execute lane constraint module of primary vehicle 200a. Processing unit 110 may use 
1702 to determine the constraints by, for example, ana- 25 the techniques described in connection with FIGS. 4-7, 
lyzing one or more sets of images and/or using map 
and/or position data (e.g., data stored in map database 
160). The image sets may be acquired by one or more 
of image capture devices 122, 124, and 126. Based on 

above, to cause primary vehicle 200a to mimic the one 
or more actions. To mimic the one or more actions, sys­
tem 100 may provide control signals to one or more of 
throttling system 220, braking system 230, and steering 

the analysis, system 100 (e.g., via processing unit 110) 30 system 240 to navigate vehicle 200 (e.g., by causing an 

may cause primary vehicle 200a to travel within a lane 
defined by left edge 1620 and right edge 1630. In some 
embodiments, system 100 may cause primary vehicle 
200a to move away from left edge 1620 or right edge 
1630 if one of distance c1 or c2 is less than a predeter- 35 

mined threshold. 
[0226] In one embodiment, action detection module 
1704 may store software instructions ( such as computer 
vision software )which. when executed by processing unit 
110, detects one or more actions taken by leading vehicle 40 

200b traveling in front of primary vehicle 200a. Leading 
vehicle 200b may be traveling in the same or different 
lane as primary vehicle 200a. Processing unit 110 may 
execute action detection module 1704 to detect one or 
more actions taken by leading vehicle 200b by, for ex- 45 

ample, analyzing one or more sets of images acquired 
by one or more of image capture devices 122, 124, and 
126. Based on the analysis, processing unit 110 may 
determine. for example, that leading vehicle 200b has 
shifted lanes, made a turn, accelerated, decelerated, ap- 50 

plied its brakes, and/or the like. As another example, 
leading vehicle 200b may perform a maneuver such that 
a first offset distance on a side of leading vehicle 200b 
adjacent to a first lane constraint is different from a sec-
ond offset distance on a side of leading vehicle 200b 55 

adjacent to a second lane constraint. For example. 
processing unit 110 may perform the analysis based on 
the techniques described in connection with FIGS. 5A-

36 

acceleration, a turn, a lane shift. etc.). Further, one or 
more actuators may control throttling system 220, brak­
ing system 230, and/or steering system 240. 
[0228] FIG. 18 is a flow chart showing an exemplary 
process for causing primary vehicle 200a to mimic one 
or more actions of leading vehicle 200b consistent with 
disclosed embodiments. At step 1810, processing unit 
110 may receive a plurality of images via data interface 
128 between processing unit 110 and image acquisition 
unit 120. For instance, a camera included in image ac­
quisition unit 120 (such as image capture device 122) 
may capture a plurality of images and transmit them over 
a digital connection (e.g., USB, wireless, Bluetooth, etc.) 
to processing unit 110. In some embodiments, process­
ing unit 110 may receive more than one plurality of im­
ages via a plurality of data interfaces. For example, 
processing unit 11 0 may receive a plurality of images 
from each of image capture devices 122, 124, 126, each 
of which may have an associated data interface for com­
municating data to processing unit 110. The disclosed 
embodiments are not limited to any particular data inter­
face configurations or protocols. 
[0229] At steps 1820 and 1830, processing unit 110 
may execute lane constraint module 1702 to determine 
constraints for each side of primary vehicle 200a asso­
ciated with a lane that primary vehicle 200a is traveling 
in. Processing unit 110 may determine the constraints 
by analyzing the images received at step 1810. Thus, at 
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step 1820, processing unit 110 may determine a first lane 

constraint on a first side of primary vehicle 200a (e.g., 
the distance between the left side of primary vehicle 200a 
and left edge 1620 of the lane, c1) and, at step 1830, a 
second lane constraint on a second side opposite the 
first side (e.g., the distance between the right side of pri­
mary vehicle 200a and right edge 1620 of the lane, c2). 

In some embodiments, processing unit 110 may deter­
mine the constraints by using map and/or position data 
(e.g., data stored in map database 160) indicating the 

position of primary vehicle 200a relative to midpoint 1610, 
left edge 1620, and right edge 1630 of the lane. Process-

ing unit 110 may determine the constraints based on both 

an analysis of the images received at step 1810 and map 
and/or position data; doing so may increase the confi­
dence level associated with the constraints. 
[0230] At step 1840, processing unit 110 may execute 

In some embodiments, processing unit 110 may analyze 

the images to determine characteristics associated with 
an action performed by leading vehicle 200b. For exam­
ple, where leading vehicle 200b makes a turn, processing 

5 unit 110 may determine position information for leading 

vehicle 200b right before it begins the turn, position in­
formation for leading vehicle 200b as it completes the 

turn, a turning radius, and a speed profile describing 
changes in speed (e.g., over time) for leading vehicle 

10 200b as it makes the turn. 
[0232] At step 1870, processing unit 110 may execute 
action response module 1706 to cause primary vehicle 

200a to mimic the one or more actions of leading vehicle 

200b determined at step 1850. For example, processing 
15 unit 110 may transmit electronic signals (e.g., via a CAN 

bus) to throttling system 220, braking system 230, and/or 
steering system 240 of primary vehicle 200a to trigger a 
turn, lane shift, change in speed, and/or change in direc-lane constraint module 1702 to cause primary vehicle 

200a to travel within the lane constraints determined at 

steps 1820 and 1830. For example, the left side of pri- 20 

mary vehicle 200a may be positioned to the left of left 
edge 1620, or the right side of primary vehicle 200a may 

tion of primary vehicle 200a. In addition, processing unit 

110 may construct a set of path points to guide changes 
in position and speed for primary vehicle 200a. The path 
points may be based on lane marks (e.g., midpoint 1610, 
left edge 1620, right edge 1630, etc.) represented by a 
polynomial (e.g., of the third-degree) and target coordi-

be positioned to the right of right edge 1630. In such a 

scenario, processing unit 110 may transmit electronic 

signals (e.g., via a CAN bus) to throttling system 220, 
braking system 230, and/or steering system 240 of pri­
mary vehicle 200a to cause primary vehicle 200a to ad-
just its position and travel within the lane constraints. 
[0231] At step 1850, processing unit 110 may execute 
action detection module 1704 to locate a leading vehicle 

200b within the images received at step 1810 by analyz­

25 nates associated with a target vehicle, such as leading 

vehicle 200b. Processing unit 110 may adjust the coef­
ficients of the polynomial so that the path points pass 
through the target coordinates. Processing unit 110 may 
also offset the path points (e.g., relative to left edge 1620 

30 and right edge 1630) based on a predetermined offset 

ing the images. Processing unit 110 may detect the pres­
ence of vehicles in the images using the techniques de­

scribed in connection with FIGS. 5A and 5B, above. For 
each detected vehicle, processing unit 110 may construct 35 
a multi-frame model of the detected vehicle's position, 

velocity (e.g., speed and direction), and acceleration rel­
ative to primary vehicle 200a. Processing unit 110 may 

amount. As processing unit 110 adjusts the polynomial 

coefficients and offsets the path points, processing unit 
110 may also calculate local curvature information for 
each of the resulting segments formed between the path 

points. 
[0233] In some embodiments, processing unit 110 

(e.g., via execution of action response module 1706) may 
cause primary vehicle 200a to mimic leading vehicle 
200b within certain position, speed, and/or acceleration use the techniques described in connection with FIGS. 

5A and 5B, above, to construct such a model. In addition, 
processing unit 110 may determine a lane of travel as­
sociated with each detected vehicle, based on, for ex­

ample, lane or other road markings and lane constraints 
determined at steps 1820 and 1830. Processing unit 110 

40 constraints associated with the two vehicles. For exam-

may determine leading vehicle 200b to be the detected 45 

vehicle that is closest to, and is traveling in the same lane 
as, primary vehicle 200a. At step 1860, processing unit 
110 may execute action detection module 1704 to deter­

mine one or more actions taken by the leading vehicle 
200b detected within the images at step 1850. For ex- so 
ample, processing unit 110 may determine that leading 
vehicle 200b has shifted lanes, made a turn, accelerated, 
decelerated, and/or the like. In addition, processing unit 

pie, the constraints may require a predetermined mini­
mum distance (e.g., a safety distance) between primary 

vehicle 200a and leading vehicle 200b or a predeter­

mined maximum difference in speed and/or acceleration 
between the vehicles. Thus, if mimicking an action per­
formed by leading vehicle 200b would violate one or more 
constraints (e.g., mimicking an acceleration would result 

in primary vehicle 200a being too close to leading vehicle 

200b ), processing unit 110 may cause primary vehicle 
200a to decline to mimic the one or more actions of lead­
ing vehicle 200b. In addition, even while mimicking an 
action performed by leading vehicle 200b (e.g., a lane 
shift), processing unit 110 may cause primary vehicle 
200a to follow leading vehicle 200b's speed profile and 110 may analyze the images to determine characteristics 

associated with leading vehicle 200b, such as its speed 
and position (e.g., relative to primary vehicle 200a). 
These determinations may be based on the techniques 

described in connection with FIGS. 5A and 5B, above. 

55 maintain a predetermined distance or a safety distance 

from leading vehicle 200b. Processing unit 110 may ac­
complish this by causing primary vehicle 200a to: (i) con­
tinuously close the distance gap from leading vehicle 

37 IPR2025-00943 
Tesla EX1002 Page 434



73 EP 3 680 818 A1 74 

200b when the gap is greater than the predetermined 

minimum distance, (ii) continuously close the gap be­
tween the speeds of primary vehicle 200a and leading 
vehicle 200b, and (iii) match the acceleration of leading 
vehicle 200b to the extent it is consistent with predeter­
mined constraints. To control the extent to which of these 
actions should be performed, processing unit 110 may 

associate each action with weights in real-time based on 
the current and predicted distance to leading vehicle 
200b. Thus, for example, as the distance to leading ve­
hicle 200b decreases more weight may be put on decel­
erating rather than matching the acceleration of leading 

vehicle 200b. 

[0234] As another example, in the case where primary 
vehicle 200a is approaching leading vehicle 200b at a 
speed greater than the speed of leading vehicle 200b, 
processing unit 110 may cause primary vehicle 200a to 
gradually slow down such that, when the distance be­
tween the two vehicles equals a predetermined safety 

execute action detection module 1704 to locate a leading 

vehicle 200b within the images received at step 2010 by 
analyzing the images, as described in connection with 
step 1850 of FIG. 18, above, At step 2025, processing 

5 unit 110 may execute action detection module 1704 to 

determine whether leading vehicle 200b is turning at an 
intersection, using the techniques described in connec­

tion with step 1860 of FIG. 18, above. If leading vehicle 
200b is determined to be turning at the intersection (step 

10 2025, yes), at step 2035, processing unit 110 may exe­

cute action detection module 1704 to determine whether 
leading vehicle 200b is changing lanes within the inter­

section, using the techniques described in connection 

with step 1860 of FIG. 18, above. Otherwise (step 2025, 
15 no), process 2000 concludes. If leading vehicle 200b is 

determined to be changing lanes within the intersection 
(step 2035, yes), processing unit 110 may cause primary 
vehicle 200a to decline to mimic the turn of leading ve-

distance such as a minimum following distance, the 20 

speed of the two vehicles is the same. In another exam-

hicle 200b at step 2050. Otherwise (step 2035, no), 

processing unit 110 may cause primary vehicle 200a to 
mimic the turn of leading vehicle 200b at step 2040. 

ple, where a leading vehicle 200b abruptly appears in [0237] FIG. 21 is a flow chart showing another exem­
plary process 2100 for causing primary vehicle 200a to front of primary vehicle 200a, causing the distance be­

tween the two vehicles to be less than the minimum fol-

lowing distance, processing unit 110 may cause primary 
vehicle 200a to gradually slow down to avoid approach­
ing leading vehicle 200b any closer while at the same 
increasing the distance between the vehicles until it 
reaches the minimum following distance. 

mimic one or more actions of a first leading vehicle, con-
25 sistent with disclosed embodiments. At step 2110, 

[0235] FIG. 19 is a flow chart showing an exemplary 30 
process 1900 for causing primary vehicle 200a to decline 

to mimic a turn of leading vehicle 200b, consistent with 
disclosed embodiments. At step 1910, processing unit 
110 may receive a plurality of images via data interface 
128 between processing unit 110 and image acquisition 35 
unit 120, as described in connection with step 1810 of 

processing unit 110 may receive a plurality of images via 
data interface 128 between processing unit 110 and im­
age acquisition unit 120, as described in connection with 
step 1810 of FIG. 18, above. At steps 2120 and 2130, 
processing unit 110 may execute action detection mod­

ule 1704 to locate a first and second leading vehicle within 
the images received at step 2110 by analyzing the im­

ages, as described in connection with step 1850 of FIG. 
18, above. At step 2135, processing unit 110 may exe­

cute action detection module 1704 to determine whether 
the first leading vehicle path has a lower turning radius 

than the second leading vehicle path, using the tech­
niques described in connection with step 1860 of FIG. 
18, above. If the first leading vehicle path is determined 

FIG. 18, above. At step 1920, processing unit 110 may 
execute action detection module 1704 to locate a leading 
vehicle 200b within the images received at step 1910 by 
analyzing the images, as described in connection with 
step 1850 of FIG. 18, above. At step 1925, processing 
unit 110 may execute action detection module 1704 to 

determine whether leading vehicle 200b is turning at an 
intersection, using the techniques described in connec-

40 to have a lower turning radius than the second leading 

vehicle path (step 2135, yes), processing unit 110 may 

tion with step 1860 of FIG. 18, above. If leading vehicle 45 

200b is determined to be turning at the intersection (step 
1925, yes), processing unit 110 may cause primary ve-

hicle 200a to decline to mimic the turn of leading vehicle 

200b at step 1930. Otherwise (step 1925, no), process 
1900 concludes. 50 

[0236] FIG. 20 is a flow chart showing an exemplary 
process 2000 for causing primary vehicle 200a to mimic 

cause primary vehicle 200a to mimic the turn of the first 

leading vehicle at step 2140. Otherwise (step 2135, no), 

process 2100 concludes. 
[0238] FIG. 22 is a flow chart showing an exemplary 
process 2200 for causing primary vehicle 200a to mimic 
one or more actions of leading vehicle 200b based on a 

navigation history, consistent with disclosed embodi­

ments. At step 2210, processing unit 110 may receive a 
plurality of images via data interface 128 between 
processing unit 110 and image acquisition unit 120, as 
described in connection with step 1810 of FIG. 18, above. 
At step 2220, processing unit 11 0 may execute action 
detection module 1704 to locate a leading vehicle 200b 

or decline a turn of leading vehicle 200b, consistent with 
disclosed embodiments. At step 2010, processing unit 

110 may receive a plurality of images via data interface 
128 between processing unit 110 and image acquisition 

unit 120, as described in connection with step 1810 of 

55 within the images received at step 2210 by analyzing the 

images, as described in connection with step 1850 of 
FIG. 18, above. 

FIG. 18, above. At step 2020, processing unit 110 may [0239] At step 2230, processing unit 110 may deter-
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mine position information for leading vehicle 200b by an­

alyzing the images received at step 2210. Position infor­
mation for leading vehicle 200b may indicate the position 
of leading vehicle 200b relative to primary vehicle 200a. 
Processing unit 110 may analyze the images to derive 
position information for leading vehicle 200b and one or 
more actions taken by leading vehicle 200b by using the 

techniques described in connection with FIGS. 5A-5D, 
above. 
[0240] At step 2240, processing unit 110 may compare 
the position information for leading vehicle 200b deter­

mined at step 2230 to predetermined map data (e.g., 
data stored in map database 160). For example, by com­

paring the position information to predetermined map da­
ta, processing unit 110 may derive position coordinates 
for leading vehicle 200b. In addition, processing unit 110 
may use the predetermined map data as an indicator of 
a confidence level associated with the position informa­
tion determined at step 2230. 

[0241] At step 2250, processing unit 110 may create 
a navigation history associated with leading vehicle 200b 
by, for example, tracking the actions taken by leading 
vehicle 200b. Processing unit 110 may associate the ac­
tions taken by leading vehicle 200b (e.g., determined 

is entering the lane in which vehicle 200 is traveling, sys­

tem 100 may cause vehicle 200 to abort the pass. For 
example, aborting the pass may include causing vehicle 
200 to brake or causing vehicle 200 to stop accelerating. 

5 [0244] As illustrated in FIG. 23, vehicle 200 may travel 

on roadway 2300. Vehicle 200 may be equipped with 
system 100 and may implement any of the disclosed em­

bodiments for identifying lane constraints and operating 
vehicle 200 within the lane constraints. System 100 may 

10 also facilitate lane changes made by vehicle 200. For 
example, system 100 may determine whether circum­

stances allow vehicle 200 to safety change lanes and, if 
the circumstances change during the lane change, cause 

vehicle 200 to abort lane change. 
15 [0245] As shown in FIG. 23 and as previously dis­

cussed with respect to FIG. 8, vehicle 200 may include 
first vehicle side 802, which may be first distance 805 
from a first lane constraint 2302. Similarly, vehicle 200 
may include second vehicle side 812 opposite from first 

20 vehicle side 802, and second vehicle side 812 may be 

second distance 815from a second lane constraint 2304. 
In this manner, first lane constraint 810 and second lane 
constraint 2304 may define a lane 2330 within which ve­
hicle 200 may travel. 

from analysis of the images at step 2230) with predeter- 25 

mined map data from step 2240. Thus, the navigation 
history may indicate that leading vehicle 200b performed 
certain actions (e.g., a turn, a lane shift, etc.) at certain 
position coordinates. 

[0246] System 100 may determine first lane constraint 
2302 and second lane constraint 2304 based on a plu­
rality of images acquired by one or more of image capture 
devices 122-126. According to some embodiments, first 
lane constraint 2302 and/or second lane constraint 2304 

[0242] At step 2260. processing unit 110 may execute 30 
action response module 1706 to determine whether to 
cause primary vehicle 200a to mimic one or more actions 
of leading vehicle 200b based on the navigation history 
created at step 2250 and using the techniques described 
in connection with step 1870 of FIG. 18, above. For ex- 35 

ample, processing unit 110 (e.g., via action response 

module 1706) may cause primary vehicle 200a to mimic 
a turn of leading vehicle 200b, even where no turn is 
detected from analysis of the images (e.g., at step 2230), 
when the navigation history indicates that leading vehicle 40 

200b has successfully navigated at least one prior turn. 
More generally, processing unit 110 may cause primary 

vehicle 200a to mimic an action taken by leading vehicle 
200b in cases where the navigation history indicates the 
leading vehicle 200b had successfully performed such 45 

an action. 

Navigating a Vehicle to Pass Another Vehicle 

may be identified by visible lane boundaries, including 

lines marked on a road surface. Additionally or alterna­
tively, first lane constraint 2302 and/or second lane con­
straint 2304 may include an edge of a road surface. Ac­
cording to some embodiments, system 100 may deter-
mine first lane constraint 2302 and/or second lane con­

straint 2304 by identifying a midpoint of a road surface 

width 2320 ( or any other suitable road feature that vehicle 
200 may use as a navigation reference). System 100 
may identify lane constraints in this manner when, for 
example, lines designating road lanes are not painted or 
otherwise labeled. 
[0247] When passing a target vehicle 2310, the lane 

change of vehicle 200 may be complicated by a change 
in the trajectory of target vehicle 2330. Thus, system 100 
may identify target vehicle 2310 based on an analysis of 
a plurality of images acquired by one or more of image 
capture devices 122-126. System 100 may also identify 

second lane 2340 in which target vehicle 2310 is 

traveling. Further, system 100 may determine whether 
[0243] System 100 may provide driver assist function­
ality that monitors the vicinity around vehicle 200 and 
aborts lane changes in the event that the lane change is 
deemed to be at risk of causing a collision, such as with 
another vehicle (e.g., a target vehicle). For example, sys­

tem 100 may enable vehicle 200 to complete a pass of 
a target vehicle if the target vehicle is determined to be 

in a different lane than vehicle 200. If, before completion 
of a pass, system 100 determines that the target vehicle 

50 second lane 2340 is different than lane 2330 in which 

vehicle 200 is traveling. If second lane 2340 is different 
than lane 2330, system 100 may be configured to enable 
vehicle 200 to pass target vehicle 2310. 
[0248] System 100 may also monitor target vehicle 

55 2310 based on the plurality of images. For example, sys­

tem 100 may monitor a position of target vehicle 2310, 

such as monitoring its position relative to vehicle 200, 
relative to first lane constraint 2302 and/or second lane 

39 IPR2025-00943 
Tesla EX1002 Page 436



77 EP 3 680 818 A1 78 

constraint 2304, an absolute position, or relative to an­

other reference point. Additionally or alternatively, mon­
itoring a position of target vehicle 2310 may include es­
timating a speed of target vehicle 2310. 
[0249] If system 100 determines that target vehicle 
2310 is entering lane 2330 in which vehicle 200 is 
traveling, system 100 may cause vehicle 200 to abort the 

pass of target vehicle 2310. For example, system 100 
may cause vehicle 200 to stop accelerating or brake. 
Additionally or alternatively, system 100 may issue an 

audible announcement, such as to notify driver of vehicle 
200 that the lane change is being aborted. 

[0250] FIG. 24A is an exemplary block diagram of 

memory 140, which may store instructions for performing 
one or more operations consistent with disclosed em­
bodiments. As illustrated in FIG. 24A, memory 140 may 
store one or more modules for identification of the target 
vehicle and responses described herein. For example. 
memory 140 may store a lane constraint module 2400, 

a target vehicle acquisition module 2410, and an action 
module 2415. 
[0251] In one embodiment, lane constraint module 
2400 may store instructions which, when executed by 
processing unit 110, may detect and define first lane con-

predefined range of vehicle 200, processing unit may de­

termine whether there is enough space within first lane 
constraint 810 and second lane constraint 820, for vehi­
cle 200 to bypass target vehicle 2310. If there is not 

5 enough space, processing unit 110 may execute a lane 
change. If there is enough space, processing unit 110 
may determine whether there is enough time to bypass 

target vehicle 2310 before the distance between vehicle 
200 and target vehicle 2310 closes. If there is enough 

10 time, processing unit 110 may initiate and or activate the 
offset maneuver to bypass target vehicle 2310. The offset 
maneuver may be executed by processing unit 110 so 
that the movement of vehicle 200 is smooth and com-

fortable for the driver. For example, the offset slew rate 
15 may be approximately 0.15 to 0.75 m/sec. The offset 

maneuver may be executed so that the maximum ampli­
tude of the offset maneuver will occur when the gap be­
tween vehicle 200 and object 825 closes. If there is not 
enough time, processing unit 110 may initiate braking 

20 and then initiate an offset maneuver. 
[0254] Further, processing unit 110 may execute ac­

tion module 2415 to abort the plan of vehicle 200 to pass 
target vehicle 2310. If target vehicle 2310 is not in lane 

2330 of vehicle 200, instructions included in action mod-
strain! 2302 and second lane constraint 2304. For exam- 25 ule 1230 may enable vehicle 200 to pass target vehicle 

2330. However, if execution of target vehicle acquisition 
module 2410 indicates that target vehicle 2310 is chang­
ing lanes into lane 2330 of vehicle 200, processing unit 

pie, processing unit 110 may execute lane offset module 
2400 to process the plurality of images received from at 
least one image capture device 122-124 and detect first 
lane constraint 2302 and second lane constraint 2304. 110 may execute instructions included in action module 
As discussed above, this may include identifying painted 30 2415 to abort the lane change of vehicle 200. For exam-

lane lines or markers and/or measuring a midpoint of a 
road surface. Processing unit 110 may perform the anal­
ysis based on the techniques described in connection 

with FIGS. 5A-5D, above. 
[0252] In some embodiments, target acquisition mod- 35 

ule 2410 may store instructions which, when executed 

by processing unit 110, may detect the presence of target 
vehicle 2310 and monitor the position of target vehicle 
2310. For example, target acquisition module 2410 may 
process the plurality of images to detect and monitor tar- 40 

get vehicle 2310. Additionally or alternatively, when ex-
ecuting target acquisition module 2410, processing unit 

110 may receive information from another module or oth-
er system indicative of the presence and/or location of 
target vehicle 2310. Processing unit 110 may perform 45 

the analysis based on the techniques described in con­

nection with FIGS. 5A-5D, above. 
[0253] Processing unit 110 may be configured to de-

!ermine the presence of one or more objects such as 
target vehicle 2310 in the vicinity of vehicle 200. For ex- 50 

ample target vehicle 2310 may comprise another vehicle, 

pie, processing unit 110 may transmit electronic signals 
to throttling system 220, braking system 230, and/or 
steering system 240 of vehicle 200 to abort the lane 
change. Additionally or alternatively, processing unit may 

cause an audible notification to sound. 
[0255] FIG. 24B illustrates a flowchart of an exemplary 

process 2420 for navigating a vehicle among encroach­
ing vehicles, consistent with disclosed embodiments. 
Process 2420 may identify lane constraints that define a 
lane of travel for a vehicle (e.g., vehicle 200) to travel, 
identify and monitor a target vehicle (e.g., vehicle 2310), 
and enable the vehicle to pass the target vehicle or abort 

the pass if it is determined that the target vehicle is en­
tering a lane in which the vehicle is traveling. 
[0256] At step 2430, at least one of image capture de­
vice 122, 124, and/or 126 may acquire a plurality of im-
ages of an area in the vicinity of vehicle 200. For example, 

a camera included in image acquisition unit 120 (such 

as image capture device 122) may capture a plurality of 
images and transmit them over a digital connection (e.g., 
USB, wireless, Bluetooth, etc.) to processing unit 110. In 
some embodiments, processing unit 110 may receive 
more than one plurality of images via a plurality of data 
interfaces. For example, processing unit 110 may receive 

such as a car, truck or motorcycle traveling near vehicle 
200. Processing unit 110 may determine, for each target 
vehicle 2310, an offset profile. The offset profile may in­

clude a determination of whether in its current and pre­
dicted position, target vehicle 2310 will be within a pre­
defined range of vehicle 200. If processing unit 110 de­
termines that target vehicle 2310 is or will be within a 

55 a plurality of images from each of image capture devices 

122, 124, 126, each of which may have an associated 
data interface for communicating data to processing unit 
110. The disclosed embodiments are not limited to any 
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particular data interface configurations or protocols. 

[0257] Next, at step 2440, processing unit 110 may 
determine a first lane constraint on first vehicle side 802 
and a second lane constraint on second vehicle side 812 
using the plurality of images received via data interface 
128. For example, as part of implementing step 2440, 
processing unit 110 may execute instructions of lane con­

straint module 910. Further, as part of determining the 
first and second lane constraints. processing unit 110 
may use one or more of the processes discussed above 
in connection with FIGS. 5A-5D. 
[0258] At step 2450, processing unit 110 may acquire 

target vehicle 2310. To acquire target vehicle 2310, 

processing unit 110 may execute target vehicle acquisi­
tion module 2410. For example, processing unit 110 may 
execute instructions to analyze acquired images to iden­
tify second lane 2340 in which target vehicle 2310 is 
traveling and determine whether target vehicle 2310 is 
traveling in lane 2330 in which vehicle 200 is traveling. 

upon vehicle 200. Monitoring the vicinity around vehicle 
200 may include monitoring a collision threshold. For ex­

ample a collision threshold may include a time to collision 
or a minimum predetermined distance between vehicle 

5 200 and other traffic. System 100 may further cause ve­

hicle 200 to take evasive action to avoid encroaching 
traffic. For example, evasive action may include braking, 

changing lanes, or otherwise altering the course of vehi­

cle 200. 
10 [0265] As illustrated in FIG. 25, vehicle 200 may travel 

on roadway 2500. Vehicle 200 may include system 100 
to detect and respond to encroaching traffic. For exam­

ple, vehicle 200 may determine that another vehicle is 

entering into the lane in which vehicle 200 is traveling or 
15 otherwise determine that another vehicle is crossing a 

collision threshold. Vehicle 200 may react to an en­
croaching vehicle, such as by altering course, braking, 
or accelerating. 

This determination may be based on the techniques de- 20 

scribed in connection with FIGS. 5A-5D, above. 

[0266] As discussed with respect to FIG. 8 and as 

shown in FIG. 25, vehicle 200 may include first vehicle 
side 802, which may be first distance 805 from a first lane 

[0259] At step 2455, processing unit 110 may deter­
mine whether second lane 2340 in which target vehicle 
2310 is traveling is different than lane 2330 in which ve­

hicle 200 is traveling. 
[0260] At step 2460, processing unit 110 may enable 
vehicle 200 to pass target vehicle 2310 if second lane 
2340 is different than lane 2330 in which vehicle 200 is 
traveling. To enable vehicle 200 to pass target vehicle 
2310, processing unit may execute action module 2415. 

[0261] Next, at step 2465, processing unit 110 may 
execute target acquisition module 2410 to monitor target 
vehicle 2310. This may include estimating a velocity of 
target vehicle 2310 and determining the location of target 

vehicle 2310, such as with respect to vehicle 200. 
[0262] Step 2470 may include determining whether 

target vehicle 2310 has entered lane 2330. If processing 
unit 110 determines that target vehicle 2310 has not en­
tered lane 2330, at step 2480, processing unit 110 may 
allow vehicle 200 to complete the pass. 
[0263] At step 2490, if processing unit 110 determines 

constraint 2502. Similarly, vehicle 200 may include sec­

ond vehicle side 812 opposite from first vehicle side 802, 
and second vehicle side 812 may be second distance 

25 815 from a second lane constraint 2504. In this manner, 

first lane constraint 2502 and second lane constraint 
2504 may define a lane 2505 within which vehicle 200 
may travel. 
[0267] System 100 may determine first lane constraint 

30 2502 and second lane constraint 2504 based on a plu-

rality of images acquired by one or more of image capture 
devices 122-126. According to some embodiments, first 

lane constraint 2502 and/or second lane constraint 2504 
may be identified by visible lane boundaries, such a line 

35 marked on a road surface. Additionally or alternatively, 

first lane constraint 2502 and/or second lane constraint 

2504 may include an edge of a road surface. According 
to some embodiments, system 100 may determine first 
lane constraint 2502 and/or second lane constraint 2502 

40 by identifying a midpoint 2520 of a road surface width ( or 

that target vehicle 2310 has entered lane 2330 (or is en­

tering lane 2330 or is otherwise on a trajectory to bring 
vehicle 2310 into lane 2330), processing unit 110 may 
execute action module 2415 to abort the pass. This may 45 

include, for example, issuing an audible notification to 
driver of vehicle 200 via speakers 360. Additionally or 

alternatively, step 2490 may include executing instruc­

tions included in action module 2415 to cause processing 

any other suitable road feature vehicle 200 may use as 
a navigation reference). System 100 may identify lane 

constraints in this manner when, for example, lines des­
ignating road lanes are not painted or otherwise labeled. 
[0268] Detection of first lane constraint 2502 and/or 
second lane constraint2504 may include processing unit 
110 determining their 3D models in a camera coordinate 

system. For example, the 3D models of first lane con-

straint 2502 and/or second lane constraint 2504 may be 
unit 110 to transmit electronic signals to throttling system 
220, braking system 230, and/or steering system 240 of 
vehicle 200 to abort lane change. 

Navigating a Vehicle to Avoid Encroaching Traffic 

[0264] System 100 may provide driver assist function­
ality that monitors the vicinity around vehicle 200 and 
responds to the presence of another vehicle encroaching 

50 described by a third-degree polynomial. In addition to 3D 

modeling offirst lane constraint 2502 and/or second lane 
constraint 2504, processing unit 110 may estimate mo­
tion parameters, such as the speed, yaw and pitch rates, 

55 

41 

and acceleration of vehicle 200. Optionally, processing 

unit may detect static and moving vehicles and their po­

sition, heading, speed, and acceleration, all relative to 
vehicle 200. Processing unit 110 may determine a road 

elevation model to transform the information acquired 
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from the plurality of images into 3D space. 

[0269] The driver of vehicle 200 cannot assume that 
other traffic traveling in adjacent or near-adjacent lanes 
will only change lanes if it is safe for that traffic to shift 
into lane 2505 in which vehicle 200 is driving. Thus, it 5 

encroaching vehicle 2510. For example, encroaching ve­

hicle 2510, as illustrated in FIG. 25, is shown exceeding 
minimum predetermined distance 2550. Additionally or 
alternatively, the at least one collision threshold may in­

clude a time to collision of vehicle 200 and encroaching 
vehicle 2510. The time-to-collision threshold may be de-
termined based on the distance between vehicle 200 and 

encroaching vehicle 2510, the velocity of vehicle 200 
and/or encroaching vehicle 2510, the lateral velocity of 

may be desirable to consider and monitor traffic traveling 
in nearby lanes to detect lateral encroachment into lane 

2505 of vehicle 200, so that vehicle 200 may react to 
lateral encroachment to avoid a collision. System 100 
may identify an encroaching vehicle 2510 based on the 
plurality of images and determine that encroaching ve­
hicle 2510 is approaching vehicle 200. System 100 may 
then cause an action to account for the encroaching ve­

hicle. For example, system 100 may cause vehicle 200 
to maintain a current velocity and travel within first lane 
constraint 2502 and second lane constraint 2504 such 

10 vehicle 200 and/or encroaching vehicle 2510, and/or the 
acceleration of vehicle 200 and/or encroaching vehicle 

2510. A collision threshold based on a time to collision 
may be set to allow enough time for system 100 to effec­

tively conduct evasive action to avoid collision. 

that a first distance 2530, which is on first vehicle side 
802 on which encroaching vehicle 2510 is approaching, 
is greater than a second distance 2540. 

15 [0273] If system 100 determines that at least one col­

lision threshold has been crossed, system 100 may 
cause vehicle 200 to take evasive action. For example, 
this may include causing other subsystems of vehicle 
200 to operate. Thus, system 100 may operate to cause 

[0270] Processing unit 110 may be configured to de­
termine the presence of one or more encroaching vehi­
cles 2510 in the vicinity of vehicle 200. Processing unit 
110 may determine, for each encroaching vehicle 2510 

20 vehicle 200 to increase speed by communicating with 
throttling system 220, braking system 230, and/or steer­
ing system 240 to change the speed and/or direction of 

vehicle 200. 
[0274] The evasive action may include causing vehicle an offset profile. The offset profile may include a deter­

mination of whether in its current and predicted position, 
encroaching vehicle 2510 will be within a predefined 
range of vehicle 200. If processing unit 110 determines 

25 200 to change lanes. This may be a desirable response 

if, for example, vehicle 200 is traveling on a multilane 
highway and system 100 determines that changing lanes 
to move away from encroaching vehicle 2510 will avoid that encroaching vehicle 2510 is or will be within a pre­

defined range of vehicle 200, processing unit may deter­
mine whether there is enough space within first lane con- 30 

strain! 2502 and second lane constraint 2504, for vehicle 
200 to bypass encroaching vehicle 2510. If there is not 
enough space, processing unit 110 may execute a lane 
change. If there is enough space, processing unit 110 
may determine whether there is enough time to bypass 35 

encroaching vehicle 2510 before the distance between 

vehicle 200 and encroaching vehicle 2510 closes. 
[0271] For example, if there is enough time, processing 
unit 110 may initiate and or activate the offset maneuver 
to bypass encroaching vehicle 2510. The offset maneu- 40 

ver may be executed by processing unit 110 so that the 
movement of vehicle 200 is smooth and comfortable for 

the driver. For example, the offset slew rate may be ap­
proximately 0 .15 to 0. 75 m/sec. The offset maneuver may 
be executed so that the maximum amplitude of the offset 45 

maneuver will occur when the gap between vehicle 200 
and encroaching vehicle 2510 closes. If there is not 

enough time, processing unit 110 may initiate braking 

(e.g., via transmitting electronic signals to braking system 
230) and then initiate offset maneuver (e.g., by transmit- 50 

ting electronic signals to throttling system 220 and/or 
steering system 240). 
[0272] System 100 may determine, based on a plurality 
of images acquired by one or more of image capture de­
vices 122-126, that encroaching vehicle 2510 has 55 

crossed at least one collision threshold. For example, the 
at least one collision threshold may include a minimum 

predetermined distance 2550 between vehicle 200 and 

42 

a collision. Evasive action may include vehicle 200 alter­
ing its course. Additionally or alternatively, evasive action 

may include altering course of vehicle 200. For example, 
to take evasive action, processing unit 110 may transmit 
electronic signals to throttling system 220, braking sys­
tem 230, and/or steering system 240. 
[0275] System 100 may also be configured to cause 

vehicle 200 to take an action after the evasive action has 

been completed. For example, system 100 may cause 
vehicle 200 to return to midpoint 2520 of lane 2505 in 
which vehicle 200 is traveling. Additionally or alternative­
ly, system 100 may cause vehicle 200 to resume a preset 
speed after braking in response to encroaching vehicle 
2510. 

[0276] FIG. 26 is an exemplary block diagram of mem­
ory 140, which may store instructions for detecting and 
responding to traffic laterally encroaching on a vehicle 

consistent with disclosed embodiments. As illustrated in 
FIG. 26, memory 140 may store a lane constraint module 

2610, an encroaching vehicle acquisition module 2620, 

and an action module 2630. 
[0277] In one embodiment, lane constraint module 
2610 may store instructions which, when executed by 
processing unit 110, may detect and define first lane con­
straint 2502 and second lane constraint 2504. For exam-
pie, processing unit 110 may execute lane offset con­

straint module 2610 to process the plurality of images 
received from at least one image capture device 122-126 

and detect first lane constraint 2502 and second lane 
constraint 2504. As discussed above, this may include 
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identifying painted lane lines and/or measuring a mid­

point of a road surface. Processing unit 110 may perform 
the analysis based on the techniques described in con­
nection with FIGS. 5A-5D, above. 
[0278] In one embodiment, encroaching vehicle acqui­
sition module 2620 may store instructions which, when 
executed by processing unit 110, may detect the pres­

ence of encroaching vehicle 2510 and monitor encroach­
ing vehicle 2510. For example, encroaching vehicle ac­
quisition module 2620 may include instructions for deter­
mining a relative location of encroaching vehicle 2510 to 

vehicle 200. In some embodiments, this may include 
monitoring the velocity of encroaching vehicle 200. Ac­

cording to some embodiments, encroaching vehicle ac­
quisition module 2620 may determine whether encroach­
ing vehicle 2510 has exceeded a collision threshold. A 
collision threshold may be, for example, a minimum pre­
determined distance between vehicle 200 and encroach­
ing vehicle 2510. If encroaching vehicle 2510 comes 

closer to vehicle 200 than the minimum predetermined 
distance, processing unit 110 may determine that en­
croaching vehicle 2510 is indeed encroaching and exe­
cute instructions to avoid collision with encroaching ve­

hicle 2510. 

encroaching on a vehicle, consistent with disclosed em­

bodiments. Process 2720 may identify lane constraints 
that define a lane of travel for vehicle travel, determine 
whether an encroaching vehicle 2510 is approaching, 

5 and cause vehicle 200 to maintain current velocity and 

to travel within first lane constraint 2501 and second lane 
constraint 2504 such that first distance 2530. on the side 

of vehicle 200 that encroaching vehicle 2510 is approach­
ing, is greater than second distance 2540. 

10 [0282] At step 2730, at least one image capture device 
122, 124, and/or 126 may acquire a plurality of images 

of an area in the vicinity of vehicle 200. For example, a 
camera included in image acquisition unit 120 (such as 

image capture device 122) may capture a plurality of im-
15 ages and transmit them over a digital connection (e.g., 

USB, wireless, Bluetooth, etc.) to processing unit 110. In 
some embodiments, processing unit 110 may receive 
more than one plurality of images via a plurality of data 
interfaces. For example, processing unit 110 may receive 

20 a plurality of images from each of image capture devices 

122, 124, 126, each of which may have an associated 
data interface for communicating data to processing unit 
110. The disclosed embodiments are not limited to any 
particular data interface configurations or protocols. 

[0279] Additionally or alternatively, a collision thresh- 25 [0283] Next, at step 27 40, processing unit 110 may 
determine a first lane constraint on first vehicle side 802 old may include a time to collision. The time-to-collision 

threshold may be determined based on the distance be­
tween vehicle 200 and encroaching vehicle 2510, the 
velocity of vehicle 200 and/or encroaching vehicle 2510, 
the lateral velocity of vehicle 200 and/or encroaching ve- 30 
hide 2510, and/or the acceleration of vehicle 200 and/or 
encroaching vehicle 2510. A collision threshold based 
on a time to collision may be set to allow enough time for 
processing unit 110 and system 100 to effectively con-

duct evasive action to avoid collision. 
[0280] Further, processing unit 110 may execute ac­

tion module 2630 to respond to the detection of encroach­
ing vehicle 2510 and/or the crossing of a collision thresh­
old. For example, action module 2630 may include in-

35 

structions to cause vehicle 200 to maintain a current ve- 40 

locity and to travel within first lane constraint 2502 and 
second lane constraint 2504 such that first distance 2530 

is greater than second distance 2540. The first distance 
2530 may be on the same side of vehicle 200 as en­
croaching vehicle 2510, so that vehicle 200 is farther 45 

away from encroaching vehicle 2510 while still within first 

lane constraint 2502 and second lane constraint 2504. If 
processing unit 110 determines that a collision threshold 

has been crossed, processing unit 110 may execute ac-
tion module 2630 to cause vehicle 200 to take evasive 50 

and a second lane constraint on second vehicle side 812 
using the plurality of images received via data interface 
128. For example, as part of implementing step 2740, 
processing unit 110 may execute instructions of lane con­

straint module 2610. Further, as part of determining the 

first and second lane constraints, processing unit 110 
may use one or more of the processes discussed above 
in connection with FIGS. 5A-5D. 
[0284] At step 2750, processing unit 110 may deter­

mine whether encroaching vehicle 2510 is approaching. 

To make this determination, processing unit 110 may ex­
ecute encroaching vehicle acquisition module 2620. En-
croaching vehicle acquisition module 2620 may include 
instructions to process images to detect other traffic. Th is 
may include identifying vehicles within a certain range of 
vehicle 200, such as those vehicles that are adjacent to 

vehicle 200. These adjacent vehicles may be encroach-
ing vehicles 2510. 
[0285] Once encroaching vehicle 2510 is identified, 
processing unit may determine more information regard-

ing vehicle 2510. For example, at step 2555, processing 
unit 110 may determine whether target vehicle 2330 has 

exceeded a collision threshold. A collision threshold may 
be, for example, a minimum predetermined distance be­
tween vehicle 200 and encroaching vehicle 2510. If en-
croaching vehicle 2510 comes closer to vehicle 200 than 
the minimum predetermined distance, processing unit 
110 may determine that encroaching vehicle 2510 is in-

action, such as altering course, braking, and/or changing 
lanes. Action module 2630 may also include instructions 
that cause vehicle 200 to resume course after completing 
evasive action. For example, processing unit 110 may 

cause vehicle 200 to resume a preset speed after braking 

or return to the center of lane 2505. 

55 deed encroaching and execute instructions to avoid col­

lision with encroaching vehicle 2510. 
[0281] FIG. 27 illustrates a flowchart of an exemplary 
process 2720 detecting and responding to traffic laterally 

43 

[0286] Additionally or alternatively, a collision thresh­
old may be a time to collision. The time-to-collision 
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threshold may be determined based on the distance be­

tween vehicle 200 and encroaching vehicle 2510, the 
velocity of vehicle 200 and/or encroaching vehicle 2510, 
the lateral velocity of vehicle 200 and/or encroaching ve­
hicle 2510, and/or the acceleration of vehicle 200 and/or 
encroaching vehicle 2510. A collision threshold based 
on a time to collision may be set to allow enough time for 

processing unit 110 and system 100 to effectively con-

duct evasive action to avoid collision. 
[0287] At step 2760, processing unit 110 may cause 
vehicle 200 to maintain current velocity and to travel with­

in first lane constraint 2502 and second lane constraint 
2504. To cause vehicle 200 to operate in this manner, 

processing unit 110 may execute action module 2630. 
Additionally or alternatively, step 2760 may include exe­
cuting instructions on action module 1230 to cause 
processing unit 110 to transmit electronic signals to the 
accelerator 2610, brakes 2620, and/or steering system 
of vehicle 200 to cause vehicle 200 to maintain current 

velocity and to travel within first and second lane con­

straints 810 and 820. 
[0288] If, at step 2755, processing unit 110 determined 

that a collision threshold has been exceeded, the 
processing unit 110 may take evasive action. The eva-

sive action may include causing vehicle 200 to change 
lanes. This may be a desirable response if, for example, 
vehicle 200 is traveling on a multilane highway and sys-
tem 100 determines that changing lanes to move away 
from encroaching vehicle 2510 will avoid a collision. Eva­
sive action may include vehicle 200 altering its course. 
Additionally or alternatively, evasive action may include 

altering course of vehicle 200. For example, processing 
unit 110 may undertake evasive action by transmitting 
electronic signals to throttling system 220, braking sys-

sion is low. Where the target vehicle may be closer or 

when the risk of collision rises above a predetermined 
level, system 100 may cause a response, such as brak­
ing, etc. When the risk of collision is even higher (e.g., 

5 where system 100 determines that a collision would be 

imminent without evasive action), system 100 may cause 
vehicle 100 to take an evasive action, such as maximum 

or near maximum braking, change of direction, etc. 
[0291] FIGS. 28A and 28B are diagrammatic represen-

10 tations of a primary vehicle 200a on a road 2800, con­

sistent with disclosed embodiments. In some instances, 
road 2800 may be divided into two lanes, lane 2810 and 
lane 2820. A target object, such as target vehicle 200b, 

may be traveling ahead of primary vehicle 200a in the 
15 same lane (e.g., lane 2820 as shown in FIGS. 28A and 

28B) or in a different lane. As shown in the example de­
picted in FIG. 28A, primary vehicle 200a and target ve­
hicle 200b may be separated by a distance d1. At a given 
time after the scene depicted in FIG_ 28A, primary vehicle 

20 200a and target vehicle 200b may be separated by a 

distance d2 as shown in FIG. 28B, where d2 is less than 
d1. For example, primary vehicle 200a may be traveling 
at a rate of speed greater than target vehicle 200b, caus­
ing the distance between the vehicles to decrease from 

25 d1 to d2. 

[0292] As another example, primary vehicle 200a and 
target vehicle 200b may be traveling at the same rate of 
speed until target vehicle 200b reduces its speed by brak-
ing, or primary vehicle 200a increases its speed by ac-

30 celerating, causing the distance between the vehicles to 

tem 230, and/or steering system 240 of vehicle 200. After 35 

decrease from d1 to d2. As another example, target ve­
hicle 200b may encroach from a side of primary vehicle 

200a. In some circumstances, if target vehicle 200b is 
ahead or a sufficient distance away from primary vehicle 

200a (e.g., five meters or more, 10 meters or more, etc.) 
the evasive action is completed, at step 2780, processing and moves toward primary vehicle 200a, system 100 may 

unit 110 may control vehicle 200 to resume its prior nav- not take any action. However, if target vehicle 200b con-
igation (e.g., to resume navigation to a desired location). tinues to move closer to primary vehicle 200a, then sys­

tem 100 may cause primary vehicle 200a to brake, 
Multi-Threshold Reaction Zone for Vehicle Navigation 40 change speed, and/or change lanes. For example, if tar-

[0289] System 100 may provide driver assist function­

ality that causes a response in vehicle 200, such as brak-

get vehicle 200b is within a predetermined threshold 
(e.g., within five meters), primary vehicle 200a may then 

take action. Different scenarios involving the relative 
speeds and positions of primary vehicle 200a and target ing, accelerating, switching lanes, turning, and/or other 

navigational responses. For example, if system 100 de­

tects the presence of another vehicle ahead of vehicle 
200 that is traveling at a rate of speed slower than vehicle 

45 vehicle 200b are possible, and the disclosed embodi­
ments are not limited to any particular scenario. 

200, system 100 may cause vehicle 200 to reduce its 

speed by braking. System 100 may apply a braking profile 
that accounts for the immediacy of the risk (e.g., the risk so 
of collision) to provide the driver with a natural driving 
sensation. 
[0290] System 100 may cause various different re-
sponses depending on the situation and a determined 
risk of collision with another vehicle, for example. System 55 

100 may take no action in response to changes in speed 
or direction of a target vehicle ahead if the target vehicle 
is sufficiently far ahead and the determined risk of colli-

44 

[0293] In some embodiments, the multi-threshold re­

action zone may provide a natural feeling driving expe-

rience to the user. For example, as discussed above, if 
the risk of collision is low, then system 100 may disregard 
movements by target vehicle 200b. As a result, primary 
vehicle 200a may not respond to movements or actions 
of target vehicle 200b when there is not a risk of a collision 
(e.g., primary vehicle 200a would not need to mimic every 

motion of target vehicle 200b when it's 100 meters 
ahead). However, if target vehicle 200b is close to pri-
mary vehicle 200a and/or if system 100 determines that 

the risk of collision is high, then a responsive maneuver 
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may be taken such that the user feels safer by increasing 

space between primary vehicle 200a and target vehicle 
200b. If system 100 determines that a crash may be im­
minent, then system 100 may take a more dramatic action 
without causing the user to be surprised, because the 
action may be necessary to avoid a collision. 
[0294] Accordingly, in some embodiments, system 

100 may associate the different reaction zones with dif­

ferent degrees of responsive actions. For example, in 
some embodiments, system 100 may take no action 
when target vehicle 200b is within a first threshold (e.g., 
when target vehicle 200b is far away from primary vehicle 

200a), system 100 may take a medium action with target 

vehicle 200b is within a second threshold (e.g., when 
target vehicle 200b is becoming closer to primary vehicle 
200a), and system 100 may take a more dramatic action 
when target vehicle 200 is within a third threshold (e.g., 

when target vehicle 200b is sufficiently close to primary 
vehicle 200a that there is a risk of a oollision). In a first 

reaction zone associated with the first threshold, system 
100 may take no action when the estimated distance-to­
target associated with target vehicle 200b is greater than 
twice a predetermined safety distance. In some embod-

200a, respectively. tsatety may fall in the range of 0.5 to 
2. 5 seconds and may be adjusted by the driver of primary 
vehicle 200a via user interface 170 according to the driv­
er's preferences. Thus, the driver may be able to control 

5 the distance that system 100 maintains between primary 

vehicle 200a and other vehicles. 
[0297] In a second reaction zone associated with the 

second threshold, system 100 may place target vehicle 
200b in a safety zone and apply different weights to dif-

10 ferent maneuvers performed by target vehicle 200b. For 
example, as target vehicle 200b may approach a lower 

boundary of the safety zone, e.g., the estimated distance­
to-target associated with target vehicle 200b may ap­

proach the predetermined safety distance (discussed 
15 above in connection with the first reaction zone), system 

100 may assign more weight to deceleration maneuvers 
(e.g., mimicked more) and less weight to acceleration 
maneuvers (e.g., mimicked less). In some embodiments, 
the lower boundary may fall in the range of 0.5 to 1.5 

20 times the predetermined safety distance, depending on 
driver preferences. Conversely, as target vehicle 200b 
approaches an upper boundary of the safety zone, e.g., 
the estimated distance-to-target associated with target 
vehicle 200b may approach twice the predetermined iments, the first reaction zone may apply where the es­

timated distance-to-target associated with target vehicle 25 

200b falls in the range of 1.5 to 2.5 times the predeter-
safety distance, system 100 may assign less weight to 
deceleration maneuvers (e.g., mimicked less) and more 
weight to acceleration maneuvers (e.g., mimicked more). 
In some embodiments, the lower boundary may fall in 
the range of 1.5 to 2.5 times the predetermined safety 

mined safety distance. 
[0295] The estimated distance-to-target may be the 
current distance between primary vehicle 200a and 
target vehicle 200b plus the expected change of this 30 distance, depending on driver preferences. 

distance over a prediction time (e.g., in the range of 0.1 

to 1. 0 seoonds, depending on factors associated with 
system 100 such as velocity tracking control loops, 
actuators, and vehicle dynamics). The expected change 

of distance may be calculated as: (Vtarget - vprimaryl * 

tprediction + ((8 target - 8primary) * tprediction 
112

), where Vtarget 

and Vprimary correspond to the speed of target vehicle 
200b and primary vehicle 200a, respectively, atarget and 
aprimary correspond to the acceleration of target vehicle 
200b and primary vehicle 200a, respectively, and 

tprediction corresponds to the prediction time. Choosing a 
prediction time approximating the overall reaction time 

of system 100 may account for the fact that desired 
navigational responses for primary vehicle 200a may not 

[0298] In a third reaction zone associated with the third 
threshold, system 100 may place target vehicle 200b in 
a danger zone when the estimated distance-to-target as­
sociated with target vehicle 200b is less than the prede-

35 !ermined safety distance. In this scenario, system 100 

may cause primary vehicle 200a to mimic ( e.g., immedi­

ately) any deceleration maneuvers (while disregarding 
any acceleration maneuvers) performed by target vehicle 
200b. In some embodiments, the first reaction zone may 

40 apply where the estimated distance-to-target associated 

with target vehicle 200b falls in the range of 0.5 to 1.5 
times the predetermined safety distance, depending on 

driver preferences. 

be implemented immediately, and thereby may provide 45 

the driver and/or passengers of primary vehicle 200a with 

[0299] In some embodiments, system 100 may cause 
a response in primary vehicle 200a, such as braking. As 

indicated in FIG. 28B, for example, the distance between 
the primary vehicle 200a and target vehicle 200b may 

decrease from d1 to d2. Depending on the distance d2 
and, by extension, the time before collision, system 100 
may cause primary vehicle 200a to reduce its speed so 
as to avoid a collision with target vehicle 200b. In addition, 
system 100 may apply one or more braking profiles when 
causing primary vehicle 200a to reduce its speed, also 
based on, for example, the time before collision. Thus, if 

the time before collision (and/or the distance d2) exceeds 
a first predetermined threshold, system 100 may cause 
primary vehicle 200a to brake in a gradual manner, 

change lanes, and/or change speed, whereas if the time 

a smooth, natural driving experience. 
[0296] The predetermined safety distance may be de­

fined as: max {dstat/c, ddynamic}, dstatic, which may fall in 
the range of 2 to 10 meters, may represent a desired 
safety distance between primary vehicle 200a and an­
other vehicle (such as target vehicle 200b) while the ve­
hicles are stopping and/or moving at a low rate of speed_ 

ddynamic may represent a desired safety distance when 

50 

the vehicles are moving at a speed greater than a low 55 

rate of speed, and may be calculated as: tsatety • min 

(Vtarget, Vprimaryl, where Vtarget and Vprimary correspond to 
the speed of target vehicle 200b and primary vehicle 
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before collision (and/or the distance d2) is below a second 

predetermined threshold, system 100 may cause primary 
vehicle 200a to brake, change lanes, and/or change 
speed in a more rapid manner. 
[0300] FIG. 29 is an exemplary block diagram of a 5 

110, causes one or more responses in primary vehicle 

200a. The responses may be based on the identification 
and monitoring of target vehicle 200b (e.g., performed 
via execution of target monitoring module 2902) and/or 
the indicator of an intercept time between primary vehicle 
200a and target vehicle 200b (e.g., determined via exe­
cution of intercept time module 2904). Processing unit 

110 may cause one or more responses in primary vehicle 
200a by, for example, transmitting electronic signals 
(e.g., via a CAN bus) to throttling system 220, braking 
system 230, and/or steering system 240 of primary ve­

hicle 200a to brake, accelerate, or trigger a turn, lane 
shift, and/or change in direction of primary vehicle 200a. 

memory configured to store instructions for performing 
one or more operations, consistent with the disclosed 

embodiments. As shown in FIG. 29, memory 140 may 
store a target monitoring module 2902, an intercept time 
module 2904, and an action response module 2906. The 10 

disclosed embodiments are not limited to any particular 
configuration of memory 140. Further, processing unit 
110 may execute the instructions stored in any of mod-

ules 2902-2906 included in memory 140. 

[0301] In one embodiment, target monitoring module 
2902 may store software instructions (such as computer 
vision software) which, when executed by processing unit 
110, identifies and monitors a target object (such as tar-
get vehicle 200b) appearing in a plurality of images rep­

resenting an environment in the vicinity of primary vehicle 
200. For purposes of this disclosure, the target object 
may also be referred to as target vehicle 200b, although 
the target object may be a pedestrian, road hazard (e.g., 
large debris), and the like. The plurality of images may 

be acquired by one or more of image capture devices 
122, 124, and 126. Processing unit 110 may execute 
target monitoring module 2902 to identify and monitor 
target vehicle 200b by, for example, analyzing the plu­
rality of images using the techniques described in con­
nection with FIGS. 5A-5D, above. Thus, target monitoring 

module 2902 may track different variables, such as the 
motion (e.g., direction of travel and trajectory), speed, 

and acceleration associated with target vehicle 200b, as 
well as the distance between primary vehicle 200a and 
the target vehicle 200b. Such information may be tracked 

continuously or at predetermined intervals. 

[0302] In one embodiment, intercept time module 2904 
may store software instructions which, when executed 
by processing unit 110, determines an indicator of an 
intercept time between primary vehicle 200a and target 
vehicle 200b. The intercept time may refer to an amount 
of time before primary vehicle 200a makes contact (e.g., 

collides) with target vehicle 200b. Processing unit 110 
may execute intercept time module 2904 to determine 

Processing unit 110 may use extended Kalman Filters 
15 to estimate data associated with target vehicle 200b and 

primary vehicle 200a, such as: speed, acceleration, turn 
rate, pitch angle, pitch rate, position and heading of target 
vehicle 200b relative to primary vehicle 200a, the size of 
target vehicle 200b, road geometry, and the like. For ex-

20 ample, processing unit 110 may receive measurements 

from components on primary vehicle 200a, such as an 
odometer, an inertial measurement unit (IMU), image 

processor 190, and the like. Thus, processing unit 110 
may calculate data associated with target vehicle 200b 

25 and/or primary vehicle 200a using state equations de-

rived from kinematic equations of motion, rigidity con­
straints, and motion assumptions, where inputs to the 
equations may include measurements from components 
on primary vehicle 200a. Processing unit 110 may also 

30 use the techniques described in connection with FIGS. 

4-7, above, to cause one or more responses in primary 

vehicle 200a. 
[0304] FIG. 30 is a flow chart showing an exemplary 
process 3000forcausing a response in a primary vehicle, 

35 consistent with disclosed embodiments. At step 3010, 

processing unit 110 may receive a plurality of images via 

data interface 128 between processing unit 110 and im­
age acquisition unit 120. For instance, one or more cam­
eras included in image acquisition unit 120 may capture 

40 a plurality of images of an area forward of primary vehicle 

200a (or to the sides or rear of a vehicle, for example) 
and transmit them over a data connection (e.g., digital, 

wired, USB, wireless, Bluetooth, etc.) to processing unit 

110. 
an indicator of the intercept time based on an analysis 45 

of images acquired by one or more of image capture de­

vices 122, 124, and 126. For example, intercept time 
module 2904 may make the determination using a series 

[0305] At step 3020, processing unit 110 may execute 
target monitoring module 2902 to identify a target object 
(such as target vehicle 200b) within the plurality of imag­

es. For example, target monitoring module 2902 may de-

of time-based observations, e.g., of the position, speed, 
and/or acceleration of target vehicle 200b (relative to pri­
mary vehicle 200a), such as Kalman filters or linear quad­
ratic estimation (LQE). The Kalman filters may be based 
on a measurement of the scale of target vehicle 200b, 
where the scale measurement is proportional to the in­

tercept time. 
[0303] In one embodiment, action response module 
2906 may store software instructions (such as computer 
vision software )which, when executed by processing unit 

tect the presence of vehicles in the images using the 
50 techniques described in connection with FIGS. 5A and 

5B, above. Multiple vehicles (and/or objects) may be de-
tected in the same lane or in a different lane as primary 
vehicle 200a. and at varying distances from primary ve­
hicle 200a, based on image data, position data (e.g., GPS 

55 location information), map data, the yaw rate of primary 

vehicle 200a, lane or other road markings, speed data, 

46 

and/or data from sensors included in primary vehicle 

200a. In a scenario where multiple vehicles are detected, 
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target monitoring module 2902 may determine target ve­

hicle 200b to be the vehicle traveling in the same lane 
as primary vehicle 200a and/or located closest to primary 
vehicle 200a. 
[0306] At step 3030, processing unit 110 may execute 5 

target monitoring module 2902 to monitor target vehicle 
200b identified at step 3020. For example, target moni­

toring module 2902 may track information associated 

vehicle 200a and target vehicle 200b exceeds the first 

threshold), then action response module 2906 may 
cause a response in primary vehicle 200a based on an 
averaged motion profile associated with target vehicle 
200b. The averaged motion profile associated with target 
vehicle 200b may represent an averaged position and/or 
averaged speed of target vehicle 200b for a particular 

threshold. In some embodiments, if target vehicle 200b 
is a certain distance and/or traveling a certain speed, with target vehicle 200b, such as the motion (e.g., direc­

tion of travel and trajectory), speed, and acceleration, as 
well as the distance between primary vehicle 200a and 
the target vehicle 200b. Target monitoring module 2902 

may track such information continuously, or at predeter­

mined intervals, by analyzing the plurality of images using 

10 system 100 may elect to take no action. For example, if 
target vehicle 200b is ahead or a sufficient distance away 

from primary vehicle 200a (e.g., five meters, 10 meters, 
etc.), system 100 may not take any action unless target 

the techniques described in connection with FIGS. 5A- 15 

5D, above. At step 3040, processing unit 110 may exe-
cute intercept time module 2904 to determine an indicator 
of an intercept time between primary vehicle 200a and 
target vehicle 200b. Intercept time module 2904 may 

make the determination by tracking the position, speed, 20 

and/or acceleration of target vehicle 200b (relative to pri-

vehicle 200b becomes closer to primary vehicle 200. 
[0309] If the indicator of intercept time indicates that 
target vehicle 200b is between the first and second 
thresholds (e.g., the time before collision between prima­
ry vehicle 200a and target vehicle 200b falls in between 
the first and second thresholds), then action response 

module 2906 may cause a response in primary vehicle 
200a based on the actual motion associated with target 
vehicle 200b. The actual motion may represent a position 
and/or speed of target vehicle 200b (e.g., not averaged 
or delayed) If the indicator of intercept time indicates that 

mary vehicle 200a) over one or more periods of time. 
Intercept time module 2904 may use the techniques de­

scribed in connection with FIGS. 5A and 5B, above to 

track such information. 
[0307] At step 3050, processing unit 110 may execute 
action response module 2906 to cause one or more re­
sponses in primary vehicle 200a. For example, process-
ing unit 110 may transmit electronic signals (e.g., via a 
CAN bus) to throttling system 220, braking system 230, 

and/or steering system 240 of primary vehicle 200a to 

brake, accelerate, or trigger a turn, lane shift, and/or 
change in direction of primary vehicle 200a. Further, one 

25 target vehicle 200b is within the second threshold (e.g., 

the time before collision between primary vehicle 200a 
and target vehicle 200b is below the second threshold), 
then action response module 2906 may cause an emer­
gency action in primary vehicle 200a (such as a lane 

30 change or emergency braking). 

or more actuators may control throttling system 220, 
braking system 230, and/or steering system 240. For ex- 35 
ample, processing unit 110 may transmit electronic sig­

nals that cause system 100 to physically depress the 
brake by a predetermined amount or ease partially off 
the accelerator of vehicle 200. Further, processing unit 
110 may transmit electronic signals that cause system 40 

100 to steer vehicle 200 in a particular direction. Such 
responses may be based on the monitoring of target ve-

hicle 200b (performed at step 3030) and/or the indicator 
of an intercept time between primary vehicle 200a and 
target vehicle 200b (determined at step 3040). In some 45 

embodiments, the intercept time may be compared with 
one or more predetermined thresholds, e.g., a first and 
second intercept threshold. For example, the response 
may include an emergency avoidance action if the indi­
cator of intercept time indicates that a target object is 50 

within a particular intercept threshold ( e.g., within the sec-
ond intercept threshold). The emergency avoidance ac-
tion may include changing lanes and/or emergency brak-
ing. 
[0308] The thresholds may be expressed as units of 55 

time. Thus, for example, if the indicator of intercept time 
indicates that target vehicle 200b is outside of the first 
threshold (e.g., the time before collision between primary 

47 

[0310] FIG. 31 is a flow chart showing an exemplary 
process 3100 for declining to cause a response in a pri­

mary vehicle, consistent with disclosed embodiments. At 
step 3110, processing unit 110 may receive a plurality of 
images via data interface 128 between processing unit 

110 and image acquisition unit 120, as described in con-

nection with step 3010 of FIG. 30, above. 
[0311] At step 3120, processing unit 110 may execute 
target monitoring module 2902 to locate a target object 
(e.g., target vehicle 200b) within the images received at 
step 3010 by analyzing the images, as described in con-
nection with step 3020 of FIG. 30. above. At step 3125, 

processing unit 110 may execute target monitoring mod­
ule 2902 to determine whether the target object (e.g., 
target vehicle 200b) is traveling in a lane different from 
primary vehicle 200a, using the techniques described in 

connection with step 3030 of FIG. 30, above. If target 
vehicle 200b is determined to be traveling in a lane dif­

ferent from primary vehicle 200a (step 3125, yes), 
processing unit 110 may decline to cause a response in 
primary vehicle 200a at step 3130. Alternatively, if system 
100 determines that target vehicle 200b does not consti­
tute an imminent risk of collision (e.g., target vehicle 200b 
a non intersecting trajectory with primary vehicle 200a or 

a potential time to collision beyond a threshold such that 
the target object does not pose an imminent risk at the 
present time), processing unit 110 may decline to cause 
a response in primary vehicle 200a at step 3130. Other-
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wise (step 3125, no), process 3100 may conclude and 

no response occurs. 

Stopping an Autonomously Driven Vehicle Using a Multi-
Segment Braking Profile 5 

[0312] System 100 may provide driver assist function-

ality that monitors and responds to environmental con­

ditions to control the braking of vehicle 200. For instance, 
system 100 may detect, based on a plurality of images, 10 

an object that triggers the stopping of vehicle 200. For 

example, this object may include another vehicle in the 
vicinity of vehicle 200, a traffic light, and/or a traffic sign. 

System 100 may use a braking profile to slow and/or stop 
vehicle 200. According to some embodiments, the brak­ 15 

ing profile may include multiple segments, where decel­
eration is executed at different stages. For example, the 
braking profile may cause system 100 to stop vehicle 200 
at a decreasing rate of deceleration. 

[0315] FIG. 32A illustrates vehicle 200 traveling on a 

roadway 3210 that includes an object 3220. System 100 
may identify a trigger (e.g., object 3220) for stopping ve-
hicle 200 in respect to detection of the trigger. For exam­
ple, system 100 may first slow vehicle 200 after the trigger 
is detected and bring vehicle 200 to a stop before reach-
ing object 3220. 

[0316] Processing unit 110 may be configured to de­
termine a trigger for stopping vehicle 200 based on a 
plurality of images acquired by one or more of image 
capture devices 122-126. Processing unit 110 may re-
ceive the images from image capture devices 122-126 

via data interface 128. According to some embodiments, 

the trigger may include object 3220. For example, object 
3220 may be another vehicle on roadway 2810. Accord­
ing to some embodiments, processing unit 110 may iden-
tify a trigger if object 3220 is within a certain vicinity of 
vehicle 200. For example, identification of the trigger may 
depend on a relative distance between object 3220 and 

[0313] By providing a braking profile that includes mul­
tiple segments, system 100 may cause vehicle 200 to 

operate in a manner that feels natural to a driver and/or 
passengers. For example, when a driver stops a vehicle 

20 vehicle 200. Further, this identification may optionally 
consider the relative velocity and/or relative acceleration 
between object 3220 and vehicle 200. 

at a traffic light, the brakes are typically not applied at a 
[0317] Additionally or alternatively, the trigger may in­

clude a traffic sign, such as traffic sign 3240 shown in 
constant rate from the moment they are applied until the 25 FIG. 32A. For example, traffic sign 3240 may be a stop 

sign and/or a speed limit sign. According to some em­
bodiments, processing unit 110 may process the plurality 
of images to determine the content of traffic sign 3240 
as part of determining whether a trigger exists. For ex-

moment when the vehicle stops. Operating brakes in 
such a manner result in an abrupt stop at the end. Instead, 
the driver may apply the brakes gently at first, then with 
increasing pressure, and then as the vehicle reaches its 
target stopping location, the driver may decrease the lev­

el of braking until it reaches zero (or near zero) at the 
moment the car stops. Operating the vehicle in this man-
ner may provide a natural stopping progression, i.e., the 
driver may cause-a progressive deceleration at first so 

30 ample, processing unit 110 may determine that a trigger 

is present based on a speed limit specified by traffic sign 
3240 if vehicle 200 is exceeding the speed limit. As an­
other example, processing unit 110 may determine a trig-

the vehicle does not experience an abrupt initial decel- 35 

ger exists based on a traffic light 2830 if the yellow and/or 
red light is on. 

eration and then at the end. so that vehicle does not come 

to an abrupt stop. 
[0314] System 100 may provide autonomous vehicle 
navigation that may implement braking according to an 
approach that feels natural to the driver and/or passen- 40 

[0318] Based on the plurality of images, processing 

unit 110 may determine a target stopping location 3250 
at which vehicle 200 will stop once a braking profile is 
executed. Reaching target stopping location 3250 may 
be accompanied by a release in braking pressure of ve­
hicle 200. Target stopping location 3250 may be based 
on the location of traffic light 3230 and/or traffic sign 3240 

such that vehicle 200 complies with traffic light 3230 
and/or traffic sign 3240. Alternatively, target stopping lo-

gers of vehicle 200. For example, in some embodiments, 
system 100 may cause one or more of image capture 

devices 122-126 to acquire a plurality of images of an 
area in a vicinity of vehicle 200. Processing device 110 
may receive the receive the plurality of images via data 
interface 128 and identify, based on analysis of the plu­
rality of images, a trigger (e.g., an object, a traffic light, 

and/or a traffic sign) for stopping vehicle 200. Based on 

45 cation 3250 may be based on object 3220 such that ve­
hicle 200 stops before reaching object 3220. Accordingly, 
target stopping location 3250 may be based on the loca­

tion of object 3220 to avoid a collision between vehicle 

the identified trigger, system 100 may cause vehicle 200 
to stop according to a braking profile. In some embodi- 50 

ments, the braking profile may include a plurality of seg-
ments (e.g., including a first segment associated with a 
first deceleration rate, a second segment which includes 
a second deceleration rate less than the first deceleration 
rate, and a third segment in which a level of braking is 55 

decreased as a target stopping location is approached, 
as determined based on the analysis of the plurality of 
images. 

48 

200 and object 3220. In some embodiments, target stop­
ping location 3250 may be updated based on new infor­
mation obtained from the plurality of images, such as 
newly identified targets, newly visible obstacles, newly 
visible signs, etc. 
[0319] FIG. 32B illustrates an exemplary braking pro­

file, consistent with disclosed embodiments. In the ex­

ample shown in FIG. 32B, the braking profile includes 
four segments. However, the number of segments is ex­
emplary and a braking profile consistent with the dis-
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closed embodiments may include any appropriate 

number of segments (e.g., 2, 3, 4. 5, 6, etc., segments). 
[0320] In segment 1, system 100 may prepare for a 
possible braking scenario. For example, in this zone, sys­
tem 100 may receive information (e.g., map data and/or 
image data) about an upcoming intersection (e.g., an in­
tersection with traffic lights). System 100 may gradually 

reduce the speed of vehicle 200 (e.g., the speed of ve­
hicle 200 may be gradually reduced to about 70-50 km/hr, 
depending on the characteristics of the intersection). 
System 100 may cause the speed adjustment, for exam­
ple, approximately 100-200 meters before the junction 
at average deceleration around 0.2-0.4 m/sec2 (with a 

maximum of about 0.5 m/sec2). By decreasing the speed 
of vehicle 200 in segment 1, system 100 may provide the 
driver and/or passengers of vehicle 200 with confidence 
that system 100 is aware of the approaching intersection. 
[0321] In segment 2, system 100 may apply strong 
braking. In this segment, system 100 may receive infor­

mation based on the analysis of image data that, for ex­
ample, a traffic light is red and/or there is a stopped ve­

hicle at the intersection in the line in which vehicle 200 
is traveling. System 100 may cause vehicle 200 to expe-

forming one or more operations consistent with disclosed 

embodiments. As illustrated in FIG. 33, memory 140 may 
store one or more modules for performing the trigger de­
tection and responses described herein. For example, 

5 memory 140 may store a trigger identification module 

3300 and an action response module 3310. 
[0325] Trigger identification module 3300 may store in­

structions which, when executed by processing unit 110, 
may detect the presence and/or existence of a trigger for 

10 stopping vehicle 200. For example, trigger identification 
module 3300 may process the plurality of images re­
ceived from at least one image capture device 122-124 

to detect the presence of a trigger. As discussed above, 

this may include identifying object 3220, traffic light 3230, 
15 and/or traffic sign 3240. 

[0326] Action response module 3310 may store in­
structions which, when executed by processing unit 110, 
may respond to the presence of a trigger. For example, 
action response module 3310 may execute control to de-

20 celerate and/or stop vehicle 200. For example, action 
response module 3310 may execute a braking profile to 

decelerate and/or stop vehicle 200. The action response 
module 3310 may determining to execute one of a plu­
rality of braking profiles based on a number of braking rience significant speed reduction in this zone, while the 

distance to the stop line or stopped vehicle is still large. 25 profiles based on, for example, environmental factors, 
the type of trigger detected, and the velocity of vehicle 
200. To navigate vehicle 200 to a stop based on the de­
tected trigger, processing unit 110 may transmit electron-

Doing so may provide the driver and/or passengers of 
vehicle 200 with a comfortable feeling that system 100 
will have more than enough space to complete the brak-
ing maneuver. This zone may be approximately 30-100 
meters away from the stop line, and the average decel­

eration may be about 1.5-2.5 m/sec2 (with a maximum 
of about 3.5 m/sec2). 

ic signals to one or more of throttling system 220, braking 
30 system 230, and/or steering system 240 of vehicle 200. 

[0322] In segment 3, system 100 may make a moder-
ate braking adjustment. For example, in this segment, 
system 100 may adjust the speed of vehicle 200 accord- 35 

ing to the remaining distance to the stop line or stopped 

vehicle and based on the current speed and deceleration 
of vehicle 200. By making this adjustment, system 100 
may provide the driver and/or passengers of vehicle 200 
with an indication that system 100 is releasing most of 40 

the braking power while the speed is still being reduced 
but slower than before. This zone may be approximately 

5-30 meters away from the stop line or stopped vehicle, 

Further, one or more actuators may control throttling sys­
tem 220, braking system 230, and/or steering system 
240. For example, processing unit 110 may transmit elec-
tronic signals that cause system 100 to physically de­
press the brake by a predetermined amount. 

[0327] Fig. 34 illustrates a process 3400 for navigating 

vehicle 200, consistent with disclosed embodiments. 
Process 3000 may identify a trigger (e.g., an object, ve­
hicle, traffic light, traffic sign, etc.) for stopping vehicle 
200 and execute a braking profile in response to the de­
tection of the trigger. Process 3400 may detect various 
types of triggers determine which of a plurality of braking 

profiles to execute. 
[0328] The braking profile may be based on the type and the average deceleration may be about 0.5-1.5 

m/sec2 (with a maximum of about 2 m/sec2). 

[0323] In segment 4, system 100 may make a small 
braking adjustment. In this segment, system 100 may 

close the remaining distance to the stop line or stopped 

45 of a detected trigger and/or other environmental condi­
tions related to the detected trigger (e.g., a distance to 
an object). For example, in some embodiments, the brak­

ing profile may include a plurality of segments (e.g., three 

vehicle at a very low speed gradually bringing it to zero. 
In this zone, the driver and/or passengers may feel that 50 

vehicle 200 is slowly sliding into its position (e.g., at the 
stop line or behind another vehicle). This zone may con­
stitute approximately the last 5-7 meters to the stop line 
or stopped vehicle, and the average deceleration may 
be about 03-0.5 m/sec2 (with a maximum of about 1 55 

m/sec2). 

[0324] FIG. 33 is an exemplary block diagram of mem­
ory 140 and/or 150, which may store instructions for per-

49 

segments). In a three segment braking profile, a first seg­
ment of the braking profile may be associated with a first 
deceleration rate, a second segment of the braking profile 
may include a second deceleration rate less than the first 
deceleration rate, and a third segment of the braking pro­
file may include causing a level of braking to be de­

creased as a target stopping location is approached, as 
determined based on an analysis of a plurality of images 
acquired by one or more of image capture devices 

122-126. For example, in some embodiments, the first 
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segment may cause vehicle 200 to progressively in­

crease deceleration, the second segment may cause ve­
hicle 200 to decelerate at a constant rate, and the third 
segment may cause vehicle 200 to progressively de-
crease its deceleration rate to zero (or near zero). 5 

[0329] At step 3410, process 3400 may acquire, using 
at least one of image capture devices 122-126, a plurality 

of images of an area in the vicinity of vehicle 200. For 
example, processing unit 110 may receive the plurality 
of images may through data interface 128. Processing 10 

unit 110 may be configured to determine the presence 
of one or more objects and/or signs located on or near 

roadway 3210 based on the acquired images. For exam-

ple, processing unit 110 may be configured to determine 
the presence of object 3220, traffic light 3230, and/or 15 

traffic sign 3240. Processing unit 110 may be further con­
figured to read the content of traffic sign 3240. For ex­
ample, processing unit 110 may be configured to differ­
entiate between a speed limit sign and a stop sign. Fur-

ther, processing unit 110 may be configured to process 20 

images to determine the speed limit based on traffic sign 

3240. 
[0330] At step 3420, process 300 may include a trigger 

for stopping vehicle 200. For example, processing unit 

steering system 240. 

[0332] As discussed above, according to some em­
bodiments, a profile segment of the braking profile may 
correspond to a deceleration rate. For example, a braking 
profile may include multiple segments, and the first seg­
ment may be associated with a first deceleration rate. 
The braking profile may further include a second segment 

associated with a second deceleration rate. The second 
deceleration rate may be less than first deceleration rate. 
[0333] Further, as discussed above, according to 
some embodiments, braking profile may include a third 
profile segment in which a level of braking is decreased 

as a function of the distance between vehicle 200 and 

underlying factors that give rise to the trigger (e.g., object 
3220, traffic light 3230, traffic sign 3240). For example, 
the braking profile may include decreasing the level of 
braking as vehicle 200 approaches target stopping loca­
tion 3250. Further, reaching target stopping location 3250 
may be accompanied by a release in braking pressure 

of vehicle 200. 
[0334] The foregoing description has been presented 

for purposes of illustration. It is not exhaustive and is not 
limited to the precise forms or embodiments disclosed. 
Modifications and adaptations will be apparent to those 

skilled in the art from consideration of the specification 
and practice of the disclosed embodiments. Additionally, 
although aspects of the disclosed embodiments are de­
scribed as being stored in memory, one skilled in the art 
will appreciate that these aspects can also be stored on 

110 may identify a trigger based on the presence of object 25 

3220 within the vicinity of vehicle 200. Additionally or al­
ternatively, processing unit 110 may identify a trigger 
based on a current signal status of traffic light 3230. Ac­
cording to some embodiments, processing unit 110 may 
determine that traffic light 3230 constitutes a trigger if it 30 other types of computer readable media, such as sec-

is not green. According to some embodiments, process­
ing unit 110 may determine that traffic sign 3240 consti­
tutes a trigger if it is a stop sign, for example. In some 
embodiments, traffic sign 3240 may constitute a trigger 

ondary storage devices, for example, hard disks or CD 

ROM, or other forms of RAM or ROM, USB media, DVD, 
Blu-ray, or other optical drive media. 

if it is a speed limit sign and vehicle 200 is exceeding the 35 

posted speed limit. Further in some embodiments, 

[0335] Computer programs based on the written de­

scription and disclosed methods are within the skill of an 
experienced developer. The various programs or pro-

processing unit 11 0 may cause system 100 to provide 
an audible announcement identifying the trigger and/or 
indicating that vehicle 200 is braking or about to begin 
braking. 
[0331] After processing unit 110 identifies the trigger, 
at step 3430, processing unit 110 may cause vehicle 200 

to slow down and/or stop according to a braking profile. 
In some embodiments, the braking profile may comprise 

gram modules can be created using any of the techniques 
known to one skilled in the art or can be designed in 
connection with existing software. For example, program 

40 sections or program modules can be designed in or by 

means of Net Framework, .Net Compact Framework 
(and related languages, such as Visual Basic, C, etc.), 

Java, C++, Objective-C, HTML. HTML/AJAX combina-

tions, XML, or HTML with included Java applets. 
a number of profile segments. The different profile seg- 45 

ments of a braking profile may be defined by a time period 

and/or a vehicle speed. For example, processing unit 110 

[0336] Moreover, while illustrative embodiments have 
been described herein, the scope of any and all embod-

iments having equivalent elements, modifications, omis­
sions, combinations (e.g., of aspects across various em­

bodiments), adaptations and/or alterations as would be 

may execute controls of vehicle 200 in accordance with 

a first profile segment for a predetermined period of time 
or until the speed of vehicle 200 reaches a target value. 
The target value may be a predetermined speed or it may 
be a percentage of the speed that vehicle 200 was 
traveling prior to execution of the braking profile. To im­
plement the braking profile, processing unit 110 may 

transmit electronic signals to one or more of throttling 
system 220, braking system 230, and/or steering system 

240 of vehicle 200. Further, one or more actuators may 
control throttling system 220, braking system 230, and/or 

50 appreciated by those skilled in the art based on the 

present disclosure. The limitations in the claims are to 
be interpreted broadly based on the language employed 
in the claims and not limited to examples described in 
the present specification or during the prosecution of the 

55 application. The examples are to be construed as non­

exclusive. Furthermore, the steps of the disclosed meth­
ods may be modified in any manner, including by reor­
dering steps and/or inserting or deleting steps. It is in-
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tended, therefore, that the specification and examples 
be considered as illustrative only, with a true scope and 
spirit being indicated by the following claims and their full 
scope of equivalents. 
[0337] Also described herein are the following aspects: 5 

1. A driver assist navigation system for a primary 

vehicle. the system comprising: 

at least one image capture device configured to 10 

acquire a plurality of images of an area in a vi­
cinity of the primary vehicle; 
a data interface; and 
at least one processing device configured to: 

receive the plurality of images via the data 
interface; 
determine, from at least some of the plurality 
of images, a first lane constraint on a first 

15 

side of the primary vehicle; 20 

determine, from at least some of the plurality 
of images, a second lane constraint on a 
second side of the primary vehicle opposite 
to the first side of the primary vehicle, 
wherein the first and second lane con- 25 

straints define a lane within which the pri­
mary vehicle travels; 
cause the primary vehicle to travel within 
the first and second lane constraints; 
locate in the plurality of images a leading 30 
vehicle; 
determine, based on the plurality of images, 
at least one action taken by the leading ve­
hicle; and 
cause the primary vehicle to mimic the at 35 

least one action of the leading vehicle. 

2. The system of aspect 1, wherein at least one of 
the first and second lane constraints includes a line 
marked on a road surface. 40 

3. The system of aspect 1, wherein at least one of 
the first and second lane constraints includes an 
edge of a road surface. 
4. The system of aspect 1, wherein at least one of 
the first and second lane constraints includes a de- 45 

!ermined midpoint of a road surface width. 
5. The system of aspect 1, wherein the at least one 
action taken by the leading vehicle includes a turn, 
and the at least one processing device causes the 
primary vehicle to execute a similar turn beginning 50 

at a location at which the leading vehicle initiated its 
turn. 
6. The system of aspect 1, wherein the at least one 
action taken by the leading vehicle includes an ac-
celeration. 55 

7. The system of aspect 1, wherein the at least one 
action taken by the leading vehicle includes braking. 
8. The system of aspect 1, wherein the at least one 

51 

action taken by the leading vehicle includes provid­
ing a first offset distance on a side of the leading 
vehicle adjacent to the first lane constraint that is 
different from a second offset distance on a side of 
the leading vehicle adjacent to the second lane con­
straint. 
9. The system of aspect 1, wherein the at least one 
processing device is further configured to: 

determine, based on the plurality of images or 
based on map data and position information, 
whether the leading vehicle is turning at an in­
tersection; and 
if the leading vehicle is determined to be turning 
at an intersection, decline to mimic the turn of 
the leading vehicle. 

10 _ The system of aspect 1, wherein the at least one 
processing device is further configured to: 

determine, based on the plurality of images or 
based on map data and position information, 
whether the leading vehicle is turning at an in­
tersection; 
determine whether the leading vehicle is chang­
ing lanes within the intersection; 
mimic the turn of the leading vehicle if the leading 
vehicle is determined to be turning at an inter­
section and not changing lanes within the inter­
section; and 
decline to mimic the turn of the leading vehicle 
if the leading vehicle is determined to be turning 
at an intersection, but changing lanes within the 
intersection. 

11. The system of aspect 1, wherein the at least one 
processing device is further configured to: 

acquire a first leading vehicle based on the plu­
rality of images; 
acquire a second leading vehicle based on the 
plurality of images; and 
cause the primary vehicle to mimic the first lead­
ing vehicle if, based on the plurality of images, 
the first leading vehicle is determined to be con­
tinuing on a path having less of a turning radius 
than a path followed by the second leading ve­
hicle. 

12. The system of aspect 1, wherein the at least one 
processing device is further configured to: 

determine position information for the leading 
vehicle and compare the position information to 
predetermined map data; 
create a navigation history for the leading vehi­
cle by tracking movements of the leading vehicle 
relative to the predetermined map data; and 
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determine whether to cause the primary vehicle 

to mimic the at least one action of the leading 
vehicle based on the navigation history of the 
leading vehicle. 

5 

13. The system of aspect 12, wherein the at least 
one processing device is configured to: 

cause the primary vehicle to mimic a turn of the lead­

ing vehicle, even where no turn is detected based 
on the plurality of images, when the navigation his- 10 

tory indicates that the leading vehicle has success-
fully navigated at least one prior turn. 

14. A primary vehicle, comprising: 

a body; 
at least one image capture device configured to 
acquire a plurality of images of an area in a vi­
cinity of the primary vehicle; 
a data interface; and 

at least one processing device configured to: 

receive the plurality of images via the data 

interface; 
determine, from at least some of the plurality 

15 

20 

of images, a first lane constraint on a first 25 

side of the primary vehicle; 
determine, from at least some of the plurality 
of images, a second lane constraint on a 
second side of the primary vehicle opposite 
to the first side of the primary vehicle, 30 
wherein the first and second lane con­
straints define a lane within which the pri­

mary vehicle travels; 
cause the primary vehicle to travel within 
the first and second lane constraints; 35 

locate in the plurality of images a leading 

vehicle; 
determine, based on the plurality of images, 
at least one action taken by the leading ve-
hicle; and 40 

cause the primary vehicle to mimic the at 
least one action of the leading vehicle. 

15. The primary vehicle of aspect 14, wherein at least 
one of the first and second lane constraints includes 45 

a line marked on a road surface. 
16. The primary vehicle of aspect 14, wherein at least 
one of the first and second lane constraints includes 

an edge of a road surface. 
17. The primary vehicle of aspect 14, wherein at least 50 

one of the first and second lane constraints includes 
a determined midpoint of a road surface width. 
18. The primary vehicle of aspect 14, wherein the at 
least one action taken by the leading vehicle includes 
a turn, and the at least one processing device causes 55 

the primary vehicle to execute a similar tum begin-
ning ala location at which the leading vehicle initiated 

its turn. 

52 

19. The primary vehicle of aspect 14, wherein the at 

least one action taken by the leading vehicle includes 
an acceleration. 
20. The primary vehicle of aspect 14, wherein the at 
least one action taken by the leading vehicle includes 
braking. 
21. The primary vehicle of aspect 14, wherein the at 

least one action taken by the leading vehicle includes 
providing a first offset distance on a side of the lead­
ing vehicle adjacent to the first lane constraint that 

is different from a second offset distance on a side 
of the leading vehicle adjacent to the second lane 

constraint. 

22. The primary vehicle of aspect 14, wherein the at 
least one processing device is further configured to: 

determine, based on the plurality of images or 
based on map data and position information, 
whether the leading vehicle is turning at an in­

tersection; and 
if the leading vehicle is determined to be turning 

at an intersection, decline to mimic the turn of 
the leading vehicle. 

23. The primary vehicle of aspect 14, wherein the at 
least one processing device is further configured to: 

determine, based on the plurality of images or 
based on map data and position information, 
whether the leading vehicle is turning at an in­

tersection; 
determine whether the leading vehicle is chang­

ing lanes within the intersection; 
mimic the turn of the leading vehicle if the leading 
vehicle is determined to be turning at an inter­
section and not changing lanes within the inter­

section; and 
decline to mimic the turn of the leading vehicle 
if the leading vehicle is determined to be turning 
at an intersection, but changing lanes within the 
intersection. 

24. The primary vehicle of aspect 14, wherein the at 
least one processing device is further configured to: 

acquire a first leading vehicle based on the plu­
rality of images; 

acquire a second leading vehicle based on the 

plurality of images; and 
cause the primary vehicle to mimic the first lead­
ing vehicle if, based on the plurality of images, 
the first leading vehicle is determined to be con­
tinuing on a path having less of a turning radius 
than a path followed by the second leading ve­

hicle. 

25. The primary vehicle of aspect 14, wherein the at 
least one processing device is further configured to: 
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determine position information for the leading 

vehicle and compare the position information to 
predetermined map data; 
create a navigation history for the leading vehi­
cle by tracking movements of the leading vehicle 
relative to the predetermined map data; and 
determine whether to cause the primary vehicle 

to mimic the at least one action of the leading 
vehicle based on the navigation history of the 
leading vehicle. 

26. The primary vehicle of aspect 25, wherein the at 
least one processing device is configured to: 

cause the primary vehicle to mimic a turn of the lead­
ing vehicle, even where no turn is detected based 
on the plurality of images, when the navigation his­
tory indicates that the leading vehicle has success­
fully navigated at least one prior turn. 
27. A method for navigating a primary vehicle, the 

method comprising: 

acquiring, using at least one image capture de­
vice, a plurality of images of an area in a vicinity 

of the primary vehicle; 

determining, from at least some of the plurality 
of images, a first lane constraint on a first side 
of the primary vehicle; 
determining, from at least some of the plurality 
of images, a second lane constraint on a second 
side of the primary vehicle opposite to the first 

side of the primary vehicle, wherein the first and 

second lane constraints define a lane within 
which the primary vehicle travels; 
causing the primary vehicle to travel within the 

first and second lane constraints; 
locating in the plurality of images a leading ve­

hicle; 
determining, based on the plurality of images, 
at least one action taken by the leading vehicle; 

5 

10 

15 

20 

25 

30 

35 

and 40 

causing the primary vehicle to mimic the at least 
one action of the leading vehicle. 

Claims 45 

1. An autonomous vehicle control system to control a 

vehicle, comprising: 

at least one processing device configured to: 

determine an initial target velocity for the vehicle 
based on global positioning data; 
adjust a velocity of the vehicle toward the initial 
target velocity for a first portion of a navigation 

50 

event; 55 

determine an updated target velocity based on 
sensor data, the updated target velocity to be 

used in a second portion of the navigation event; 

53 

2. 

3. 

4. 

5. 

6. 

7. 

and 

adjust the velocity of the vehicle toward the up-
dated target velocity during the second portion 
of the navigation event. 

The autonomous vehicle control system of claim 1, 
wherein the navigation event is navigating a curve 

in a road, wherein the first portion of the navigation 
event includes navigating the vehicle on the road 

preceding the curve, and wherein the second portion 
of the navigation event includes navigating the ve-
hicle on the road through the curve. 

The autonomous vehicle control system of claim 1 
or 2, wherein to determine the initial target velocity 
for the vehicle based on global positioning data, the 
at least one processing device is to recognize an 
upcoming road segment based on map data and the 
global positioning data. 

The autonomous vehicle control system of any of 

claims 1 to 3, wherein the sensor data includes image 
data. 

The autonomous vehicle control system of any of 
claims 1 to 4, comprising a plurality of cameras to 
acquire a plurality of images of an area in a direction 
of travel of the vehicle. 

The autonomous vehicle control system of claim 5, 

wherein the at least one processing device is to de-
termine road characteristics based on the plurality 
of images and use the road characteristics to deter-
mine the updated target velocity. 

An autonomous vehicle control system, comprising: 

a plurality of cameras to acquire a plurality of 
images of an area in a vicinity of a vehicle; and 
at least one processing device configured to: 

recognize a curve to be navigated based on 

map data and vehicle position information; 
determine an initial target velocity for the 

vehicle based on at least one characteristic 
of the curve as reflected in the map data; 
adjust a velocity of the vehicle to the initial 

target velocity; 

determine. based on the plurality of images, 
observed characteristics of the curve; 
determine an updated target velocity based 
on the observed characteristics of the 
curve; and 
adjust the velocity of the vehicle to the up­

dated target velocity. 
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SYSTEM AND METHOD FOR DETECTING OBSTACLES TO VEHICLE MOTION 

INCORPORATION BY REFERENCE 

U.S. Patent Application Serial No. ______ , filed on November 26, 2000, in the 

names of Gideon P. Stein, Ofer Mano And Am.non Shashua, and entitled "System And Method For 

Estimating Ego-Motion Of A Moving Vehicle Using Successive Images Recorded Along The 

Vehicle's Path Of Motion" (hereinafter referred to as "the Stein patent application"), assigned to the 

assignee of the present application, incorporated herein by reference. 

FIELD OF THE INVENTION 

The invention relates generally to the field of systems and methods for estimating time-to­

contact between a moving vehicle and an obstacle and more specifically to systems and methods that 

estimate time-to-contact using successively-recorded images recorded along the vehicle's path of 

motion. 

BACKGROUND OF THE INVENTION 

Accurate estimation of the time-to-contact between a vehicle and obstacles is an important 

component in autonomous driving and computer vision-based driving assistance. Using computer 

vision techniques to provide assistance while driving, instead of mechanical sensors, allows for the 

use of the information that is recorded for use in estimating vehicle movement to also be used in 

estimating ego-motion identifying lanes and the like, without the need for calibration between 

sensors as would be necessary with mechanical sensors. This can reduce the cost of the 

arrangements provided to provide time-to-contact estimates and maintenance that may be required 

therefor. 

SUMMARY OF THE INVENTION 

The invention provides a new and improved system and method that estimates time-to­

contact ofa vehicle with an obstacle using successively-recorded images recorded along the vehicle's 

path of motion. 

In brief summary, the inventio provides a time-to-contact estimate determination system for 

generating an estimate as to the time-to-contact of a vehicle moving along a roadway with an 

obstacle. The time-to-contact estimate determination system comprises an image receiver and a 

processor. The image receiver is configured to receive image information relating to a series of at 

least two images recorded as the vehicle moves along a roadway. The processor is configured to 
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process the image information received by the image receiver to generate a time-to-contact estimate 

of the vehicle with the obstacle. 

BRIEF DESCRIPTION OF THE DRAWINGS 

This invention is pointed out with particularity in the appended claims. The above and 

further advantages of this invention may be better understood by referring to the following 

description taken in conjunction with the accompanying drawings, in which: 

FIG. 1 schematically depicts a vehicle moving on a roadway and including a time-to-contact 

estimation system constructed in accordance with the invention; 

FIGS. 2A and 2B are useful in understanding the apparent horizontal motion of an obstacle 

in a series of images as a function of horizontal position of the obstacle relative to the vehicle, which 

is useful in estimating the likelihood of the vehicle contacting the obstacle; and 

FIG. 3 is a flow chart depicting operations performed by the time-to-contact estimation 

system in estimating time-to-contact of the vehicle with an obstacle. 

DETAILED DESCRIPTION OF AN ILLUSTRATIVE EMBODIMENT 

FIG. 1 schematically depicts a vehicle 10 moving on a roadway 11 and including a time-to­

contact estimation system 12 constructed in accordance with the invention. The vehicle 10 may be 

any kind of vehicle 10 that may move on the roadway 11, including, but not limited to automobiles, 

trucks, buses and the like. The time-to-contact estimation system 12 includes a camera 13 and a 

processor 14. The camera 13 is mounted on the vehicle 10 and is preferably pointed in a forward 

direction, that is, in the direction in which the vehicle would normally move, to record successive 

images as the vehicle moves over the roadway. Preferably as the camera 13 records each image, it 

will provide the image to the processor 14. The processor 14, in tum, will process information that 

it obtains from the successive images, possibly along with other information, such as information 

from the vehicle's speedometer (not separately shown) to estimate a time-to-contact value 

corresponding to the estimated time-to-contact, if any, of the vehicle 10 with one or more obstacles, 

generally identified by reference numeral 15. The processor 14 may also be mounted in or on the 

vehicle 11 and may fonn part thereof. The time-to-contact estimates generated by the processor 14 

may be used for a number of things, including, but not limited to autonomous driving by the vehicle, 

providing assistance in collision avoidance, and the like. Opera6ons performed by the processor 14 

in estimating time-to-contact will be described in connection with the flow chart depicted in FIG. 

3. 
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Before proceeding further, it would be helpful to provide some background for the operations 

performed by the collision detection and time-to-contact estimation processor 14 depicted in FIG. 

1 in detecting possible obstacles to motion of the vehicle 10 and the time period to contact between 

the vehicle 10 and the respective obstacles, if any. Generally, the operations performed by the 

processor 14 can be divided into two phases, namely, an obstacle detection phase and a time to 

contact estimation phase. It will be appreciated that these phases may overlap in connection with 

various ones of the obstacles, with the processor 14 engaging in the obstacle detection phase to 

attempt to detect new obstacles while it is engaging in the time to contact estimation phase to 

determine time-to-contact with previously-detected obstacles. 

During the obstacle detection phase, two general operations are performed. Initially, using 

a roadway deletion operator, as between successive images 'I', 'I'', ... , the portions of the images that 

comprise projections of the roadway are identified. The portions of the images that are identified 

as comprising projections of the roadway will be ignored. Using an obstacle detection operator, 

portions of the images other than those that comprise projections of the roadway are analyzed to 

identify obstacles. After the obstacles arc identified, during the time to contact estimation phase, a 

time-to-contact estimate is generated for the identified obstacles. The time-to-contact estimate 

indicates whether the vehicle 10 and obstacle are moving closer together, farther apart, or 

maintaining a constant separation. In particular, if the time-to-contact estimate for a particular 

obstacle is positive, the vehicle 10 and the obstacle are moving closer together, if the estimate is 

infinite, the separation is constant, and if the estimate is negative, the vehicle 10 and the obstacle are 

moving farther apart. 

It will be appreciated that the time-to-contact estimate generated for a particular pair of 

images 'I' and 'I'' will provide an estimate as to the time-to-contact at the time that the later image 

'¥' was recorded. However, the time-to-contact estimate generated as described herein does not take 

into account other information that may be useful in determining the likelihood of whether the 

vehicle 10 will contact the obstacle if their relative motion remains constant. For example, ego­

motion information (which may be provided as generated, for example, using a methodology 

described in the Stein patent application) and information as to the shape of the roadway and 

expected path of the vehicle may be useful in determining whether the vehicle will likely contact the 

obstacle. If, for example, the obstacle is in the same lane as the vehicle 10, and if the time-to-contact 

estimate is positive, indicating thatthe separation of the vehicle 10 and obstacle is decreasing, it may 

be determined that the vehicle 10 will likely contact the obstacle if the vehicle's motion is not 
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changed. In addition, using the same information, strategies may be developed for avoiding contact, 

such as changing speed changing lanes or other strategies as will be apparent to those skilled in the 

art. 

As noted above, during the obstacle detection phase, a road detection operator and an obstacle 

detection operator are used to facilitate identification of obstacles. Although the obstacle detection 

operator alone could be used in identification of obstacles, since the roadway is not an obstacle, and 

since typically the projection of the roadway typically comprises relatively large portions of the 

respective images 'P and 'I'', those portions can be ignored in applying the obstacle detection 

operator. The roadway detection operator initially tessellates, into corresponding regions "R." the 

image 'P and an image \JI ' , where image q., ' is the warp of image 'I'' toward image 'I' using the 

estimated motion of the vehicle between the time at which image 'I' was recorded to the time at 

which image 'P' is recorded, and generates values "Q" as follows: 

Q = (] ). 

The estimated motion that is used to generate the warped image \JI ' comprises the translation and 

rotation of the vehicle 10 as between the point in time at which image 'P was recorded and the point 

in time at which image 'P' was recorded, and may be an initial guess based on, for example, the 

vehicle's speed as provided by a speedometer, or the estimated motion as generated as described in 

the Stein patent application. It will be appreciated that the warped image q., 1 generally reflects an 

estimate of what the image would have been at the time that the image'¥ was recorded. This holds 

for regions that are projections of the roadway, but not necessarily for other regions, and particular 

will not hold for regions that have a vertical extent, which will be the case for obstacles. 

-
Accordingly, regions in images 'I' and 4'' for which the value "Q" is below a selected threshold will 

be deemed to be regions that are projections of the roadway, and other regions will he deemed not 

to be regions that are projections of the roadway. Similarly, regions in image'¥' which were warped 

to regions in image l.}1' that are deemed to be regions that are projections of the roadway, are also 

deemed regions that are projections of the roadway, and other regions in image 'P' are deemed not 

to be projections of the roadway. 
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After the roadway detection operator has been used to identify regions in images q, and q,• 

that are not projections of the roadway, those regions are processed using the obstacle detection 

operator to detect obstacles in those regions. Generally, it will be appreciated that, unlike the 

roadway or elements, artifacts such as roadway markings, shadows cast on the roadway surface, and 

the like, all of which have only a horizontal extent, obstacles have a vertical extent as well as a 

horizontal extent. Accordingly, as between two successive images '-I' and 't'', artifacts such as 

markings on the roadway surface, shadows cast on the roadway surface, and the like, will exhibit 

expansion along the images' horizontal axes and little or no expansion along the vertical axes. On 

the other hand, obstacles, which have vertical extent, will exhibit more uniform expansion along the 

images' vertical axes as well as along the horizontal axes. 

With this observation, in the obstacle detection phase, the images are processed using two 

filters are used, namely, a roadway filter and an obstacle filter. The roadway filter filters out portions 

the roadway and associated artifacts on the images q, and \l'', and leaves the obstacles. The affine 

motion of a patch as between image '-I' and image 'I'' that is a projection of an obstacle exhibits a 

generally uniform scaling as around a "focus of expansion" ("FOE") for the obstacle. That is, if the 

FOE of an obstacle is at point pp 0Efxo'yo) in the image \l', the motion vector (u, v) of a projection of 

a point P(X,Y,Z) on the obstacle, which projects onto point p(x,y) in the image 4', will have 

components 

(2) 

(3) 

where "s" is a constant that reflects the uniform scaling. The components of the motion vector 

indicate the horizontal and vertical motion of a projection of a point P(X, Y,Z) in three dimensional 

space as between the projectionp(x,y) in image q, and the projectionp'(x',y~ in image \l''. If the 

coordinates of the FOE arc not known, the motion vector will still reflect a uniform scaling, and will 

also reflect a translation 

(4) 

v = sy + Y1 (5) 
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where xr= -sx0 and Yr= -sy0• It will be appreciated that, in equations (4) and (5), the "sx" and "sy" 

terms reflect the uniform scaling, and the xrand Yr terms reflect the translation. Since, for the motion 

vector, the components u=x'-x and v=y'-y, where "x" and "y" are the coordinates of the projection 

of a point in three-dimensional space in image '¥ and "x"' and "y"' are the coordinates of the 

projection of the same point in three-dimensional space in image'¥', and so 

= [
(s +

0
1) O l (x) -sx 0l 

(s + 1) Y + - Yo 

Substituting equation (6) into the constant-brightness criterion 

ulx + vly + 11 = 0 

yields 

-1 
I 

which can be written 

= -] 
I 

(6). 

(7), 

(8), 

(9), 

where the superscript "T" represents the transpose operation. Regions of images'¥,'¥' for which 

equation (9) hold represent obstacles. 

If one or more obstacles is detected during the obstacle detection phase, the processor 14 can 

generate an estimate of the time-to-contact, if any, of the vehicle 10 with the obstacle. Although the 

time-to-contact will reflect the distance between the vehicle and the obstacle, it will be appreciated 

that in many circumstances the time-to-contact is a more useful metric. The distance of the obstacle 

to the image plane of the camera 13, which, in turn, reflects the distance of the obstacle to the vehicle 

10, at the point in time T-ti T at which image'¥ was recorded is Z+~, and the distance at the point 

in time Tat which image'¥' was recorded is Z. (It should be noted that the values of both" ti T" and 

"tiZ" are positive). Ifthere is no change in relative motion between the vehicle 10 and the obstacle, 

the distance Z to the obstacle will be closed in a time period T, that is, the time-to-contact is T. 
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The processor 10 estimates the time-to-contact T in relation to the ratio of the scaling of the 

obstacle as recorded in the images'¥ and'¥', if any, and specifically in relation to the scaling of the 

vertical dimension. The vertical ~imension of the obstacle in image'¥ is 

jY 
= 

Z+AZ 
(10) 

where "Y" refers to the height of the obstacle in three-dimensional space and "f'' is the focal length 

of the camera 13. Similarly, the vertical dimension of the obstacle in image 'P' is 

Y1 = 
jY 

z (11), 

since the height "Y" of the obstacle in three-dimensional space does not change as between the times 

at which the images'¥ and'¥' are recorded. The scaling factor, or ratio, of the vertical dimensions 

"S" in the images is 

s = = 
Z+ AZ 

z = 
AZ 

1+­ z (12). 

In addition, assuming that there is no change in motion as between the vehicle 10 and the obstacle, 

AZ 
the relative speed -- between the vehicle 10 and the obstacle during the time period between the 

AT 

z 
points in time at which the images'¥ and'¥' were recorded, will be the same as the relative speed -

T 

during the time period between the point in time at which the image '¥' was recorded and the point 

in time at which the vehicle 10 would contact the obstacle. That is 

AZ z 
= (13). 

AT T 

Rearranging equation 13, 

T z 
-- = -- (14). 
11T /J.Z 
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Combining equation (14) and equation (12), 

s = 
AZ 

1+- = z 
AT 

l+­
T 

Rearranging equation ( 15) to solve for T, the time-to-contact, 

1 
T = --!iT 

S-1 

PCT/US00/32144 

(15). 

(16). 

It will be appreciated that, if the value of /)._'Z, is positive and non-zero, from equation 12, the value 

1 
of S will be greater than one, in which case the value of the factor -- in equation (16) will be 

S-1 

greater than zero. In that case, the time-to-collision T will be positive. It will be appreciated that 

this can occur if the distance separating the vehicle 10 and the obstacle is decreasing. On the other 

hand, if the value of the ratio S is equal to one, which can occur if the vertical dimension of the 

1 
obstacle in the image 1f' is the same as the vertical dimension in the image 'f'', the value of the factor -­

S - 1 

in equation (16) is infinite, in which case the time-to-contact Twill also be infinite. It will be 

appreciated that, when that occurs, if the vehicle 10 is moving, the obstacle will also be moving, and 

it will be moving at the same speed as the vehicle 10, and in that case, the separation between the 

vehicle 10 and the obstacle will be constant. Finally, if the value of the ratio S is less than one, 

which can occur if the vertical dimension of the obstacle in the image 1f' is the greater than the 

1 
vertical dimension in the image 'f'', the value of the factor -- in equation (16) is negative, in 

S-1 

which case the time-to-contact Twill also be negative. It will be appreciated that, when that occurs, 

the obstacle will also be moving, and it will be moving at the a speed that is greater than, and in a 

direction away from, the vehicle 10. It will be appreciated that, using equation ( 16), the processor 

14 can estimate the time-to-contact using only information from the images IJI and IJI' and the time 

period ti T, without needing any information as to the actual distance between the vehicle 10 and the 

obstacle. 
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As noted above, the time-to-contact value generated as described above actually reflects the 

rate at which the separation between the vehicle 10 and the obstacle is decreasing at the point in time 

that the image 'f'' is recorded. Depending on the particular positions and velocities (which reflect 

direction as well as speed) of the vehicle 10 and the obstacle at any point in time, as well as the sizes, 

and primarily the horizontal dimensions, of the vehicle 10 and the obstacle, the vehicle and obstacle 

may or may not actually come into contact. This will be described in connection with FI Gs. 2A and 

2B. With reference to FIG. 2A, that FIG. schematically depicts a portion of a curved roadway 20 

with three lanes, including a center lane represented by line 21 C, a lane to the left of the center lane 

represented by line 2 lL and a lane to the right of the center lane represented by line 2 lR. The center 

of curvature of the roadway is at 0. The vehicle 10 is traveling in the center lane 21 C, and obstacles, 

which comprise other vehicles, are traveling in all three lanes. To simplify the explanation, the 

coordinate system will be deemed to be moving with the vehicle 10. It will also be assumed that a 

series of images are recorded, including a first image 'P when the obstacles are at locations a, a', a", 

a second image 'P" when the obstacles are at locations b, b', b", a third image 'I'"' when the obstacles 

are at locations c, c', c", a fourth image'¥"'' when the obstacles are at locations d, d', d", and so forth. 

In this example, the separations between vehicle 10 and all three obstacles are decreasing. Graphs 

of the separations and the horizontal coordinates of the respective obstacles in the series of images 

(it will be appreciated that the vertical coordinates of the respective obstacles in the images will not 

change) are depicted in FIG. 2B, with the separation with the obstacle in lane 21C being represented 

by solid circles, the separation with the obstacle in lane 21 L being represented by hollow circles, and 

the separation with the obstacle in lane 21R being represented by crosses("+"). In FIG. 2B, the 

vehicle 10 will be considered to be located at the origin, that is, where the "x-coordinate" is zero and 

the Z-coordinate is zero, although it will be appreciated that, because the vehicle 10 will have a non­

zero horizontal dimension, the portion of the horizontal dimension of the width subtended by the 

vehicle extends to the left and right of the origin by an amount associated with the width of the 

vehicle. As shown in FIG. 2B, all three obstacles will initial1y approach the vehicle 10, but at some 

point the separations between vehicle 10 and the obstacles in the left and right lanes 21 R and 21 L 

will again increase. However, the separation between obstacle in the same lane 21C as that of the 

vehicle 10 will continue to decrease. If the time intervals between times at which the images are 

recorded are uniform the horizontal coordinate of the projection of the obstacle in lane 21 C will 

uniformly approach zero. For obstacles in the other lanes 21 L and 22R, the movement of the 

horizontal coordinate will not be uniform. Using the information as to the uniformity of the 
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progression of the horizontal coordinates of the projection of the vehicles across the successive 

images, the likelihood as to whether the vehicle will contact an obstacle can be determined. 

With this background, operations performed by the processor 14 in connection with 

determining the time-to-contact will be described in connection with the flow chart depicted in FIG. 

3. With reference to FIG. 3, after receiving a new image'¥', the processor 14 initially estimates the 

ego-motion of the vehicle IO (step 300) using, for example, a methodology described in connection 

with the Stein patent application. Using the estimated ego-motion and lane information, if available, 

the processor 14 extrapolates the future path of the vehicle ( step 301) and identifies a "danger zone" 

along the extrapolated future path (step 302). In performing step 302, the processor 14 can make use 

of geometric assumptions that are based on the camera's calibration parameters, and the danger zone 

can, for example, comprise a trapezoidal region along the image of the roadway. The processor 14 

then applies the roadway detection operator (step 303) and obstacle detection operator (step 304) to 

those portions to identify obstacles that are in or near the extrapolated path. Thereafter, if the 

processor 14 will determine whether there were any obstacles identified after application of the 

obstacle detection operator (step 305), and, if not return to step 300 to receive the next image. 

On the other hand, if the processor 14 determines in step 305 that one or more obstacles have 

been identified in step 304, the processor 14 will examine the next few images 4'", 4'"', 4'"", ... to 

determine whether the images contain projections of the respective obstacle(s) (step 306). Tracking 

obstacle(s) whose projections have been detected in one or two images through successive images 

provides verification that the obstacles in fact exist and are not artifacts in the respective images. 

For any obstacles whose projections are recorded in a predetermined number of subsequent images, 

the processor 14 will determine that the obstacle(s) have been verified (step 307), and, for any 

verified obstacles, the processor 14 will determine the value of the scaling factor "S" for the obstacle 

as between successive images (step 308). After determining the value of the scaling factor, the 

processor 14 uses that value and the value ~ T in equation (16) to determine the time-to-contact T 

(step 309). Thereafter, the processor can make use of the time-to-contact value in connection with, 

for example, providing in collision avoidance assistance to the vehicle or driver, if, for example, the 

time-to-contact value is positive. As noted above, if the time-to-contact value is not positive, there 

will be no contact between the vehicle 10 and the obstacle. 

The invention provides a number of advantages. In particular, the invention provides an 

arrangement for estimating the time-to-contact of a vehicle 10 with an obstacle directly from 
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successively-recorded images of the obstacle, without requiring other mechanical or electronic 

sensors, which can be expensive to install and maintain. 

It will be appreciated that a number of changes and modifications may be made to the time­

to-contact estimation system 12 described above. For example, instead of using the scaling of the 

vertical dimension of obstacles as between image'¥ and'¥', the system 12 may use the scaling of the 

horizontal dimension, or both. 

In addition, it will be appreciated that images '¥ and '¥' are preferably rectified as, for 

example, described in the Stein patent application, so that their image planes are perpendicular to the 

roadway plane. 

Furthermore, it will be appreciated that roadway detection filters and obstacle detection 

filters can be used other than or in addition to those described herein. For example, a filter such as 

one described in the aforementioned Stein patent application can be used to identify patches that 

contain projections of obstacles. 

It will be appreciated that a system in accordance with the invention can be constructed in 

whole or in part from special purpose hardware or a general purpose computer system, or any 

combination thereof, any portion of which may be controlled by a suitable program. Any program 

may in whole or in part comprise part of or be stored on the system in a conventional manner, or it 

may in whole or in part be provided in to the system over a network or other mechanism for 

transferring information in a conventional manner. In addition, it will be appreciated that the system 

may be operated and/or otherwise controlled by means of information provided by an operator using 

operator input elements (not shown) which may be connected directly to the system or which may 

transfer the information to the system over a network or other mechanism for transferring 

information in a conventional manner. 

The foregoing description has been limited to a specific embodiment ofthis invention. It will 

be apparent, however, that various variations and modifications may be made to the invention, with 

the attainment of some or all of the advantages of the invention. It is the object of the appended 

claims to cover these and such other variations and modifications as come within the true spirit and 

scope of the invention. 

What is claimed as new and desired to be secured by Letters Patent of the United States is: 
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CLAIMS 

1. A time-to-contact estimate determination system for generating an estimate as to the time-to­

contact of a vehicle moving along a roadway with an obstacle comprising: 

A. an image receiver configured to receive image information relating to a series of at least two 

images recorded as the vehicle moves along a roadway; and 

B. a processor configured to process the image information received by the image receiver to 

generate a time-to-contact estimate of the vehicle with the obstacle. 
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FIG. 3 

300. AFTER RECEIVING A NEW IMAGE, PROCESSOR 14 -
INITIALLY ESTIMATES THE EGO-MOTION OF THE VEHICLE -

~, 
" 301. USING THE ESTIMATED EGO-MOTION AND LANE 

INFORMATION, IF AVAILABLE, THE PROCESSOR 14 
EXTRAPOLATES THE FUTURE PATH OF THE VEHICLE 

' , 
" 

302. PROCESSOR 14 IDENTIFIES A "DANGER ZONE" 
ALONG THE EXTRAPOLATED FUTURE PATH 

' , 

303. PROCESSOR 14 THEN APPLIES A ROADWAY 
DETECTION OPERATOR TO THE IMAGE 

' r 

" 304. PROCESSOR 14 APPLIES A OBSTACLE DETECTION 
OPERATOR TO THOSE PORTIONS TO IDENTIFY 
OBSTACLES THAT ARE IN OR NEAR THE EXTRAPOLATED 
PATH. 
'" 

~ r 

305. PROCESSOR 14 DETERMINES WHETHER THERE . - ' . 
~ WERE ANY OBSTACLES IDENTIFIED AFTER APPLICATION 1---NO 
~ 

OF THE OBSTACLE DETECTION OPERATOR 

I 
YES 

1 P 

A 
B 
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306. PROCESSOR 14 EXAMINES THE NEXT FEW IMAGES 
TO DETERMINE WHETHER THE IMAGES CONTAIN 
PROJECTIONS OF THE RESPECTIVE OBSTACLE(S) 
IDENTIFIED IN STEP 305 

YES 

i 

PCT/US00/32144 

--NO 

307. PROCESSOR 14 IDENTIFIES THAT THE OBSTACLE($) 
HAVE BEEN VERIFIED IN STEP 306 

~, 
r 
308. FOR VERIFIED OBSTACLES, PROCESSOR 14 

..,. 

DETERMINES THE VALUE OF THE SCALING FACTOR "S" 
FOR THE RESPECTIVE OBSTACLE AS BETWEEN 
SUCCESSIVE IMAGES 

\.. 

~, 
r 
309. FOR EACH IDENTIFIED OBSTACLE, PROCESSOR 14 
USES THE SCALING FACTOR AND THE TIME BETWEEN 
SUCCESSIVE IMAGES ARE RECORDED TO DETERMINE 
THE TIME-TO-CONTACT T (EQUATION {16)) 
'-

n 
'310. PROCESSOR 14 CAN MAKE USE OF THE "" 
TIME-TO-CONTACT VALUE IN CONNECTION WITH, FOR 
EXAMPLE, PROVIDING IN COLLISION AVOIDANCE 
ASSISTANCE TO THE VEHICLE OR DRIVER AS 
~PPROPRIATE 

F JG. 3A 
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An ego-motion determination system (fig. 1, item 

12) is disclosed for generating an estimate as to the 
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a roadway (fig. 1, item 11 ). The ego-motion 
determination system includes an image information 
receiver (fig. 1, item 13) and a processor (fig. 1, 
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relating to a series of at least two images recorded 
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ABSTRACT OF THE DISCLOSURE 

An ego-motion determination system is disclosed for generating an estimate as to the ego­

motion of a vehicle moving along a roadway. The ego-motion determination system includes an 

image information receiver and a processor. The image information receiver is configured to receive 

image information relating to a series of at least two images recorded as the vehicle moves along 

a roadway. The processor is configured to process the image information received by the image 

receiver to generate an ego-motion estimate of the vehicle, including the translation of the vehicle 

in the forward direction and the rotation of the vehicle around a vertical axis as between, for 

example, successive images. 
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SYSTEM Al\D METHOD FOR ESTIMATING EGO-MOTION OF A MOVING VEHICLE USING 

SUCCESSIVE IMAGES RECORDED ALONG THE VEHICLE'S PATH OF MOTION 

FIELD OF THE INVENTION 

The invention relates generally to the field of systems and methods for estimating ego­

motion (that is, "self-motion) of a moving vehicle, and more specifically to systems and methods that 

estimate ego-motion using successively-recorded images recorded along the vehicle's path of motion. 

BACKGROUND OF THE INVENTION 

Accurate estimation of the ego- ("self-") motion of a vehicle relative to a roadway is an 

important component in autonomous driving and computer vision-based driving assistance. Using 

computer vision techniques to provide assistance while driving, instead of mechanical sensors, 

allows for the use of the information that is recorded for use in estimating vehicle movement to also 

be used in detecting obstacles, identifying lanes and the like, without the need for calibration 

between sensors as would be necessary with mechanical sensors. This reduces cost and maintenance. 

There are several problems in estimating ego-motion of a vehicle. Typically, roads have few 

feature points, if any. The most obvious features in a road, such as lane markings, have a generally 

linear structure, whereas background image structures, such as those associated with other vehicles, 

buildings, trees, and the like, will typically have many feature points. This will make image- or 

optical-flow-based estimation difficult in practice. In addition, typically images that are recorded 

for ego-motion estimation will contain a large amount of "outlier" information that is either not 

useful in estimating ego-motion, or that may result in poor estimation. For example, in estimating 

of ego-motion relative to a fixed structure such as a road, images of objects that are moving re1ative 

to the road, such as other moving vehicles and even moving wipers, will contribute false information 

for the ego-motion estimation. In addition, conditions that degrade image quality, such as raindrops 

and glare, will also make accurate ego-motion estimation difficult. 

SUMMARY OF THE INVENTION 

The invention provides a new and improved system and method for estimating ego-motion 

using successively-recorded images recorded along the vehicle's path of motion .. 

In brief summary, the invention provides an ego-motion determination system for generating 

an estimate as to the ego-motion of a vehicle moving along a roadway. The ego-motion 

determination system includes an image information receiver and a processor. The image 

information receiver is configured to receive image information relating to a series of at least two 
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images recorded as the vehicle moves along a roadway. The processor is configured to process the 

image information received by the image receiver to generate an ego-motion estimate of the vehicle, 

including the translation of the vehicle in the forward direction and the rotation of the vehicle around 

a vertical axis as between, for example, successive images. 

Several methodologies are disclosed for generating the ego-motion estimate of the vehicle. 

BRIEF DESCRIPTION OF THE DRAWINGS 

This invention is pointed out with particularity in the appended claims. The above and 

further advantages of this invention may be better understood by referring to the following 

description taken in conjunction with the accompanying drawings, in which: 

FIG. 1 schematically depicts a vehicle moving on a roadway and including an ego-motion 

estimation system constructed in accordance with the invention; 

FIG. 2 is a flow chart depicting operations performed by the ego-motion estimation system 

in determining ego-motion of the vehicle in accordance with one methodology; and 

FIG. 3 is a flow chart depicting operations performed by the ego-motion estimation system 

in determining ego-motion of the vehicle in accordance with a second methodology. 

DETAILED DESCRIPTION OF AN ILLUSTRATIVE EMBODIMENT 

FIG. 1 schematically depicts a vehicle 10 moving on a roadway 11 and including an ego­

motion estimation system 12 constructed in accordance with the invention. The vehicle 10 may be 

any kind of vehicle 10 that may move on the roadway 11, including, but not limited to automobiles, 

trucks, buses and the like. The ego-motion estimation system 12 includes a camera 13 and a ego­

motion estimation system processor 14. The camera 13 is mounted on the vehicle 10 and is 

preferably pointed in a forward direction, that is, in the direction in which the vehicle would 

normally move, to record successive images as the vehicle moves over the roadway. Preferably as 

the camera 13 records each image, it will provide the image to the ego-motion estimation system 

processor 14. The ego-motion estimation system processor 14, in tum, will process information that 

it obtains from the successive images, possibly along with other information, such as information 

from the vehicle's speedometer (not separately shown) to determine the ego-motion (that is, the self­

motion) of the vehicle relative to the roadway 11. The ego-motion estimation system processor 14 

may also be mounted in or on the vehicle 11 and may form part thereof. The ego-motion estimates 

generated by the ego-motion estimation system processor 14 may be used for a number of things, 

including, but not limited to obstacle and lane detection, autonomous driving by the vehicle, perhaps 

also using positioning information from, for example, the global positioning system ("GPS") and 
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roadway mapping information from a number of sources known to those skilled in the art, and the 

like. Operations performed by the ego-motion estimation system processor 14 in determining ego­

motion of the vehicle 10 will be described in connection with the flow charts depicted in FIGS. 2 and 

3. 

Before proceeding further, it would be helpful to provide background of the operations 

performed by the ego-motion estimation system processor 14 depicted in FIG. 1. Generally, as 

between two images q, and'¥' the ego-motion estimation system processor 14 attempts to determine 

the translation t = ( t X ,t y, t z r and rotation w = ( w X' Wy, Wz r (where "T" refers to the transpose 

operation, t; refers to translation along the respective "X," "Y" and "Z" axes, and W; refers to rotation 

around the respective axis) of the camera 13 affixed to the vehicle 10. Since the camera 13 is affixed 

to the vehicle 10, the translation and rotation of the camera 13 will also conform to the translation 

and rotation of the vehicle 10. In that case, for a point p = ( x, y) r (where "x" and "y" are 

coordinates of a point or feature in the image) that is a projection of a point P = ( X, Y, z)r (where 

"X," "Y" and "Z" are coordinates of the point in three-dimensional space), the flow vector for the 

point, that is, the vector indicating the motion of the same point in three dimensional space from is 

position in the image'¥ to the image'¥', has components (u, v) 

(1), 

1 ( A ) T 
v = z sJ t + p x s2 w 

where "X" in equations (1) refers to the matrix cross-product and 

(2), 

where "t'' is the focal length of the camera 13, which is presumed to be known. The roadway on 

which the vehicle 10 is traveling is modeled as a plane. The equation for points on a plane is 
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AX + BY+ BZ = l (3), 

where the "X" and "Y" axes correspond to horizontal "x" and vertical "y" axes of the image plane, 

and the "Z" axis is perpendicular to the image plane. The camera 13 may be tilted slightly 

downwardly to increase the amount of the image that corresponds to the road, and reduce the amount 

of the image that corresponds to other features, such as other traffic, buildings, trees and the like, and 

in that case, the images '¥ and 4'' will be rectified so that the images' z axis will be parallel to the 

plane of the roadway, as will be described below. 

Dividing equation (3) by "Z" provides 

1 
-= ax+by+ c z 

where a=Alf, b=Blfand c=C. Substituting equation (4) into equations (1) results in 

u = (ax+ by+ c)S;t t (; X s1) T W 

V = (ax+ by+ c)S[t + (; X s2) T W 

Expanding equations (5) results in 

U = -(ctz + aflx)x+ (bflx - wJ+ (fivy + cflx)+ 

( j -at,)x' -(} + bt,) xy 

V = (wz + afl-Jx+ (-ctz + bfly)y-(fivx + cfty)+ 

( j- at,)xy-(} + bt, )y' 

(4), 

(5). 

(6) 

(7). 
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Equations (6) and (7) are a special case (the "calibrated camera 13" case) of an eight parameter model 

for a camera 13 moving relative to a plane: 

u = 

V = 

(8) 

(9) 

Given the flow vector (u, v), one can recover the parameters ai, i=l , ... ,8, from which one can recover 

the motion parameters t and w. 

One problem arises in connection with the methodology described above in connection with 

equations (1) through (9), namely, given the large number of parameters ai whose values need to be 

determined, it is difficult to devise a satisfactory method that will reject outliers. This follows from 

the fact that a relatively large number of optical flow vectors (u,v) will need to be used in 

determining the values of the parameters, which, in turn, requires a corresponding number of points 

in both images. In addition, it is difficult to differentiate between optical flow due to rotation around 

the X and Y axes and translation along the X and Z axes, respectively. 

Accordingly, it is desirable to reduce the number of motion parameters to a minimum. The 

motion of a vehicle 10 along a roadway can be modeled as being constrained to be a translation along 

the Z axis, as the vehicle 10 moves forward or in reverse, and a rotation around the X and Y axes, 

as the vehicle 1 O's path deviates from a straight-line course. In that case, equation ( 5) reduces to 

u = xy ( x
2

) (ax+ by+ c)xtz - 7wx + J + f WY 

(10). 

V = ( 
y

2
) xy 

(ax+by+c)ytz- f+f wx+JwY 

If the images are rectified to ensure that the plane of the roadway is parallel to the camera 13's XZ 

plane, that is, so that the images would be as if the camera 13's optical axis is parallel to the plane 

of the road, then, in equations (10) a=0 and c=0, in which case 
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u = 

(11). 

V = 
2 Y xy 

( 
2) 

- by f z - f + j W x + f WY 

In order to rectify the images, the camera 13 will need to be calibrated. A methodology for 

calibrating the camera 13 and rectifying the images will be described below. 

In equations (11) there are three motion parameters, t2 (translation along the Z axis), wx 

(rotation around the X axis) and wy (rotation around the Y axis) to be determined from the flow 

vectors (u, v) associated with points in at least some portions of the images 'I1 and lfl'. Finding 

corresponding points in the images 'P and lfl', that is, points that are projections of the same point 

in three-dimensional space in the respective images is based on a "photometric constraint" 

l(x,y,t)- J(x+ u&,y+ v&,t+ ot)= 0 (12), 

which essentially states that the irradiance, or luminance, of the point p = ( x,y r in the image 'l1 

and and the point p = ( x + uot, y + vot) in the image lfl', which are projections of the same point 

in three-dimensional space into the respective images, are the same. In practice, equation (12) will 

not hold exactly because of noise. If, for every point, the noise is modeled as zero mean Gaussian 

noise, equation 12 reduces to 

P{l(x,y,t)-l(x+ uot,y+ vot,t+ ot))= N(a-2,o) (13) 

and a maximum likelihood can be sought. 

Equation ( 13) can be computationally intensive, and, instead of using that equation, the 

motion parameters t2, wx and Wy can be determined directly from the images by combining the 

geometric constraints embodied in equation (11) with the photometric constraints embodied in 

equation (12). In that operation, given two consecutive images l£I and 'P', the goal is to determine 

the probability 

(14). 
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of that the motion of the vehicle 10 is :n = (t=, wx, wy) given the two images. The motion ; that 

maximizes ( 14) is the estimate of the camera 13 motion between the two images \JI and \JI', and, thus, 

the estimate of vehicle 10 motion between the two images. 

According to Bayes' rule, 

p( 1/1 'I 1/1 '.:n) P(;) (15), 

P(l/1 ') 

where P( '!1'11/1 ,;) is the probability that, given image \JI, motion; will result in image \JI', 

P(;) is the a priori probability that the motion is m, and P( 'P ') is the a priori probability that 

the image is 'I''. It will be assumed that P(;) , the probability that the motion is .:n, is unifonn 

in a small region M around the previous motion estimate, that is, the motion estimate generated as 

between the "i-1 st" and "i-th" images; it will be appreciated that, if the time period between the times 

at which images q, and 'I'' are recorded is sufficiently small, this assumption will hold. It will 

further be appreciated that, in equation (15), the denominator P( 'P ') does not depend on the motion 

m, and so it does not affect the search for a maximum. 

The probability that, given image 'I', motion ~ will result in image 'I'', P( tp 'ltp, .:n) , can 

be determined by warping the image \JI' according to the motion m, thereby to generate a warped 

image 'P' and determining the sum squared difference ("SSD") 

(16), 
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between corresponding patches, or regions, R in the images that are believed to be a projection of 

the roadway in the two images. In equation 16, "N" is the number of points in the region R. It will 

be appreciated that, if the images '¥ and '¥' are recorded at times "t" and "t+ot, respectively, the 

warped image 'P' will represent the image that is assumed would be recorded at time "t" if the 

motion is m. Using the SSD criteria (equation 16), P( 'P •lip,~) , the probability that image 'I-" 

would result from image 'I' and a motion m is given by the probability density function 

(17), 

where "c" is a normalization factor and "cr" is the variance of the noise, which is modeled as a zero 

mean Gaussian function. Since it is assumed that P( ~) , the probability that the motion is ~, is 

uniform in a small region M around a previous motion estimate, the problem of finding the 

maximum likelihood motion m for a patch of image '¥ reduces to finding the maximum of the 

probability density function 

for motion m E M .. 

2 

= ce u 
(18), 

Since the motion for which the ego-motion estimation system processor 14 is to generate an 

estimate is the translational and rotational motion of the vehicle 10 relative to the road, it is desirable 

for the ego-motion estimation system processor 14 to consider only regions of the images'¥ and'¥' 

that comprise projections of the road, and ignore other regions of the images. However, it should 

be noted that the set R of regions, or patches, of the images that projections of the roadway in the two 
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images 'P and 'P', is not known. To accommodate that, instead of attempting to maximize the 

function defined in equation (18), the image can be tessellated into a set of patches W;, and a 

probability density P( ~,w,,w,•) generated for each patch using equations (16) and (18) for the 

respective patches. The probability density over the entire pair of images 'P and 'P' will be 

(19), 

where A; and a; are weighting functions whose values generally reflect the confidence that the "i-th" 

patch is a projection of the road. The value of the gradient strength pi for a patch reflects the degree 

to which the patch the contains a texture, and thus will more likely to contain useful information for 
A A 

use in determining ego motion of the vehicle. The motion m E M for which equation (19) is the 

maximum will be deemed to correspond to the actual translational and rotational motion of the 

vehicle 10 as between the locations at which images '-I' and '-I'' were recorded. 

The weighting function A, for the respective "i-th" patch is generated using patches W; and 

W\ from respective images 'fl and 'P'. In determining the values for the weighting functions ✓-;, for 

patches W;, W'; that are not of the road, the motion model reflected in equation (11) is not a good fit; 

instead, a better fit can be obtained using some other motion of the patch. In addition, for planar 

image artifacts moving on the roadway surface, such as moving shadows, the maximum of equation 

(18) will occur far away from the initial guess. Accordingly, the value of the weighting function)., 

for the "i-th" patch W;, W;' will correspond to the ratio between the best fit using the motion model 

in a local region ( M) near the initial guess and the best fit using any motion model over large 

search region "L." Accordingly, if 

Pi= max (20) 
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A A 

for all m E M is the value for the best fit in a local search region, where SJ) denotes the SSD over 

all points in the "i-th" patch, and 

for all m E L the value for the best fit over all possible image motions, then 

Pi J.=-
1 P,. 

2 

(21) 

(22). 

Generally, generating the value for P 2 ( equation 21) can be computationally intensive. To avoid 

generating P 2 according to equation (21 ), the value for P 2 for each patch can be estimated by using 

the SSD as between a patch in the image \Ji and the correspondingly-positioned patch in the image 

\J'', as well as the SSD's as between the patch in the image \fl and patches translated horizontally and 

vertically around the correspondingly-positioned patch in the image 4'', for a selected number of 

points. That is, if the patch in image \J' consists of points p(x,y) centered on p(a,b) (that is, points 

p(a-a, b-P) through p(a+a,b+p) (a and~ being integers), with the patch being of dimensions 2a+ 1 

by 2p+ I), P 2 is generated by using the SSD as between the patch of the same size in image '¥' 

consisting of points p(x,y) centered on p(a,b), as well as SSD's as between the patch in image 'l-' and 

patches of the same size in image 'I'' that are centered on points p(a-o, b-o) through p(a+o, b+o), a 

total of (2o+ 1 )2 patches in image 'I''. Each patch in image \Ji' can be considered as one of the possible 

image motions. In one embodiment, 8 is selected to be seven, in which case there will be two 

hundred and twenty five patches in'¥' for which the SSD will be generated in generating the value 

for P2. 

Unlike weighting function A;, weighting function a; for the respective "i-th" patch is generated 

using only patch W; and W\ from image 4''. Generally, it should be appreciated that, in three­

dimensional space, there are three dominant directions for lines, namely, (i) vertical, for buildings, 

automobiles, and other objects that extend above the roadway surface, (ii) horizontal lines that are 

generally parallel to the direction of the roadway, and (iii) horizontal lines that are generally 

perpendicular to the direction of the roadway. In an image 'P', vertical lines (that is, lines of type (i)) 
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and horizontal lines that are generally perpendicular to the direction of the roadway (that is, lines of 

type (iii)) will project in to image 'P' as vertical and horizontal lines, respectively. On the other hand, 

horizontal lines that are generally parallel to the direction of the roadway (that is, lines of type (ii)) 

will appear in image 'P' as lines that pass through a common point, that is, a vanishing point. It will 

be appreciated that patches W\ in image 'I'' that are projections of the roadway will predominately 

contain lines of type (ii) and (iii). On the other hand, patches W' that are projections of obstacles, 

such as automobiles will predominately contain lines of type (i) and (iii), while patches W' that are 

projections of, for example, buildings, fences, and the like, will contain lines of type (i) and (ii). 

Accordingly, the value for weighting function a; for patch W; will reflect the degree to which 

it is deemed to contain projections oflines of type (ii) and (iii), and not projections oflines of types 

(i) and (iii) or types (i) and (ii). Generally, the directions of lines, if any, passing though a patch can 

be determined in relation to the gradients of the luminance at the various points in the patch Wi. 

Each point in the patch W'; whose gradient (Ix,Iy) is above a selected threshold is considered to lie 

at or near a line, with the direction of the line being perpendicular to the direction of the gradient. 

Thus, for those points, the direction of the line associated therewith can be determined, as can 

whether the line is of type (i), (ii) or (iii). Thus, for each patch W'; in the image 'P', three sums Sn; 

(n=i, ii or iii) are generated each corresponding to the sum of the magnitudes of the gradients of the 

points in the patch that are associated with lines of the respective type, the magnitude corresponding 

to G=(I/+I/)° 5
. A patch W'; in image 'P' is deemed to be: 

(a) a projection of the roadway if the sums S;\ and Sii\ are both large and significantly larger 

than sum S\, since the sums indicate that the patch is associated with a line or lines that are 

horizontal and in the direction of the roadway and/or perpendicular thereto, but not a line or lines that 

are vertical; 

(b) be a projection of an obstacle, that is, an object generally in the path of the vehicle, if 

sums S\ and Si\ are both large and significantly larger than sum S\ since the sums indicate that the 

patch is associated with a line or lines that are vertical and/or horizontal and perpendicular to the 

direction of the roadway, but not a line or lines that are horizontal and in the direction of the 

roadway; and 

(c) a projection of an object to the side of the path of the vehicle if sums S\ and S'\ are both 

large and significantly larger than sum Si\ since the sums indicate that the patch is associated with 

a line or lines that are vertical and/or horizontal and in the direction of the roadway. 
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The value of the weighting function a.i is assigned to the patch based on the degree to which the patch 

Wi is deemed to be a projection of the roadway (case (a) above). 

It will be appreciated that, if, for a patch W';, the sum Si'; is relatively large, indicating that 

the patch is associated with a line that is horizontal and in the direction of the roadway, but sums S'; 
and Siiii are relatively small, indicating that the patch is not associated with a line that is vertical or 

horizontal and perpendicular to the direction of the roadway, it generally cannot be determined from 

the set of sums generated for the patch whether the patch is a projection of the roadway (case (a) 

above) or a projection ofan object to the side of the path of the vehicle (case (c) above). However, 

since the patch is not associated with a line that is vertical, it will generally not be deemed to be a 

projection of an obstacle ( case (b) above). In that case, an assessment as to whether the patch is a 

projection of the roadway (case (a) above) or a projection of an object to the side of the path of the 

vehicle (case (c) above) by referring to patches adjacent thereto. 

As noted above, the value of the gradient strength~; for a patch reflects the degree to which 

the patch the contains a texture, and thus will more likely to contain useful information for use in 

determining ego motion of the vehicle. The gradient strength P; corresponds to 

= (23). 

For relatively uniform patches, the value of the SSD S; (:) will be relatively low for all motions, 

in which case the value of pi will be relatively low. On the other hand, for patches with texture, the 

value of the SSD will be relatively high for most motions, in which case the value of Bi will be 

relatively high. 

With this background, operations performed by the ego-motion estimation system processor 

14 will be describe in connection with the flow chart depicted in FIG. 2. In connection with FIG. 

2, it is assumed that the ego-motion estimation system processor 14 already has image \J', which it 

may have used in connection with determining the translational and rotational motion up to the 

location at which image \J' was recorded. With reference to FIG. 2, after the ego-motion estimation 

system processor 14 has received image \J'' (step 100), it will rectify the image according to 

information provided during the camera 13 calibration operation (described below) to provide that 
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the optical axis is parallel to the plane defined by the roadway (step 101). In addition, the ego­

motion estimation system processor 14 will generate an initial guess as to the translational and 

rotational motion, using the previous motion estimate and, perhaps information from other sensors 

ifavailable (step 102). For example, the ego-motion estimation system processor 14 may make use 

of information from the vehicle 1 O's speedometer, as well as information as to the time period 

between the time at which image '¥ was recorded and the time at which image 'P' was recorded, in 

generating the initial guess. Generally, it will be appreciated that the time period will be fixed, and 

will preferably the same for each successive pair of images '¥ and 'F'. After the ego-motion 

estimation system processor 14 has generated the initial guess, it will use the initial guess to warp 

image 'P' toward image 'P, thereby to generate a warped image 'P' (step 103). 

After the ego-motion estimation system processor 14 has generated the warped image (step 

103), it will divide the image 'P and the warped image 'P' into patches and, for each pair of 

corresponding patches in the two images '¥ and 'P' , generate the weighting value A;, In that 

operation, the ego-motion estimation system processor 14 will select a patch in the image'¥ (step 

I 04) and generate values for P 2 (step 105), P 1 ( equation 20) (step 106) and A; ( equation 22) (step 107) 

as described above. In addition, the ego-motion estimation system processor 14 can generate the 

value for B; ( equation 23) and a; (step 108). After the ego-motion estimation system processor 14 

has generated performed steps 105 through 108 for the selected patch, it will determine whether all 

of the patches in image 'P have been processed (step 109) and if not, return to step 104 to select 

another patch and perform steps 105 through 109 in connection therewith. 

The ego-motion estimation system processor 14 will perform steps 104 through 109 in 

connection with each patch in the image '¥.. After the ego-motion estimation system processor 14 

has performed steps 104 through 109 in connection with all of the patches in the image'¥, it will 

sequence from step I 09 to step 110 to search for the motion m that maximizes the value provided 

by equation ( 19) (step 110). That motion m will comprise values for translation tz and rotation wx, 

wy parameters that will constitute the estimate of the motion of the vehicle 10 as between the point 

in time at which image '¥ was recorded and the point in time at which image '¥' is recorded. The 

ego-motion estimation system processor 14 can perform operations described above in connection 

with each successive pair of images'¥ and'¥' to estimate the motion of the vehicle 10. 
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In performing steps 106 (to generate the values for P 1) and 110 (to determine the motion m 

that maximizes the value provided by equation (19)), the ego-motion estimation system processor 

14 can perform a gradient descent that is limited to a selected cube-shaped region around the initial 

guess. 

In determining the initial guess (step 102) for each new image 'P', the ego-motion estimation 

system processor 14 can use the estimate of the motion generated for the previously-received image. 

In addition, the size of the region M can be adjusted adaptively. 

A second methodology for determining the ego-motion of a vehicle IO will be described in 

connection with FIG. 3. As with the methodology described above in connection with FIG. 2, it is 

assumed that the images have been rectified so that the image planes are perpendicular to the plane 

represented by the roadway on which the vehicle 10 is traveling, and their horizontal ("x") axes are 

parallel to the plane represented by the roadway. By way of background, in that case, the equation 

of a plane 

AX+ BY+ CZ= I (24) 

(reference equation (3)) reduces to 

BY=l (25), 

1 
in which case Y = IB[ is the height of the optical axis of the camera 13 (or, more specifically, the 

Z axis) above the road. Since, for a pointp(x,y) in an image that is a projection of a point P(X Y,Z) 

y 
in three-dimensional space, y = J- , equation (25) becomes z 

The brightness constraint is 

1 
-= by z 

(26) 

(27) 
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for each point, where, at each point (x,y) in the image, Ix and ½-are the horizontal and vertical 

components of the spatial gradient of the luminance and It is the time gradient of the luminance. In 

addition, the equations for the components (u, v) of the flow vector (reference equation (1)) can be 

written 

u = J T T[ ] Zs, t + SI w xP 

V = J T T[ ] zS2t + Sz w xP 

where [w]x is a skew-symmetric matrix, in which case 

= 0 

where 

For motion constrained to a plane, equation (29) reduces to 

(ax+by+c)STt+ sr[w]xp+ II = 0 

(28) 

(29), 

(30). 

(31). 

Since the images are rectified, equation (26) will hold. In addition, since rotational motion is 

constrained so as to occur only around the vertical ("Y") axis, wx=wz=O. Accordingly, equation (31) 

will correspond to 

(32). 

Expanding equation 32, and using equation (30), 

bySTt - (Px + xix+ yly )wy + I, = 0 (33) 
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Generally, the portion llwv of the vertical component of the flow vector that arises due to rotation 

(wv) of the vehicle 10 will be larger than the portion 14x that arises due to translation (tx) along the 

"X" axis, and the portions will have a very different form. The portion 11tx that arises due to 

translation along the "X" axis will depend on the distance that the vehicle 10 moves between the 

times the images are recorded, and will be larger for points towards the bottom of the image than for 

points further up. In that case, expressions for llwv and utX are 

= (34) 

= (35) 

Since, for small rotations around the vertical "Y," axis, the angle ofrotation wy is approximately 

Wy (36), 

f fx 
z Uwr tz (37) = = 

UIX I fz 
zflx 

It will be appreciated that values for tv, the component of the translation t in the vertical direction, 

and wx and w2, the X and Z components of rotation w, will be zero. Accordingly, after the ego­

motion estimation system processor 14 receives a new image 'f'', it will determine the values for t 1 

and t3, the components of the translation tin the forward (along the Z axis) and side (along the X 

axis) directions, and wv, the component of rotation around the vertical (Y) axis. In that operation, 

the ego-motion estimation system processor 14 will generate an initial estimate as to the motion ( step 

150, FIG. 3) and use that initial estimate to generate a warped image 1F' (step 151). The ego­

motion estimation system processor 14 can use information from a number of sources in connection 

with generating the initial estimate (step 150), including information from, for example, the vehicle 
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l0's speedometer. Thereafter, the ego-motion estimation system processor 14 divides the image 'I' 

and 'Y' into patches (step 152) and determines which patches are likely to comprise images of the 

roadway (step 153). In determining which patches are likely to comprise images of the roadway 

(reference step 153), the ego-motion estimation system processor 14 can generate an SSD ( equation 

16) for corresponding patches in the images 'I' and 'F ' and determine that patches in the warped 

image 'P 1 that comprise images of the roadway will be those patches with a relatively high SSD 

value. The ego-motion estimation system processor 14 then uses the patches identified in step 153 

to minimize a cost function of the form 

(38), 

where W1 and W2 are weighting matrices that essentially describe confidence in the priors or 

smoothness values (step 154). Equation (38) can be formalized in the form ofa Kalman filter, and 

the value of "p" can be selected to be one or two depending on whether the L1 or L2 norm is to be 

used. 

As noted above, for methodologies described above in connection with both FIGS. 2 and 3, 

the ego-motion estimation system processor 14 will initially rectify the images as received from the 

camera 13. In the above description, the images I and I' are images as rectified by the ego-motion 

estimation system processor 14. To rectify the images as received from the camera 13, the camera 

13 will need to be calibrated during a calibration operation prior to use in connection with recording 

images for use in estimating vehicle 10 motion as described above. Before describing operations to 

be performed during calibration, it would be helpful to consider the effects of incorrect calibration. 

If, for example, a vehicle is driving along a straight road, and if the optical axis of the camera is 

aligned with the direction of motion, the flow field of successively recorded images will be an 

expansion field with the focus of expansion located at the center of the respective images, that is, at 

the origin (x,y)=(0,0) of the image's rectilinear coordinate system. On the other hand, if the camera 

is mounted on the vehicle with a small rotation around the vertical ("Y") axis in three-dimensional 

space, then the focus of expansion will be displaced along the image's horizontal ("x") axis. In that 

case, the motion model defined by equation ( 11) will not account for the flow field, but will be well 

approximated by a forward translation and a rotational velocity wy around the vertical ("Y") axis. 
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Accordingly, errors in the orientation of the camera around the vertical ("Y") axis in three 

dimensional space will create a bias in the rotation estimate, in which case a curved path would be 

estimated instead of a straight path. Similarly, errors in the camera's orientation around the 

horizontal ("X") axis in three dimensional space will cause a bias in the pitch estimate. Based on 

these observations, a calibration operation can be performed by having the camera record a sequence 

of images while the vehicle is being driven down a straight roadway. The vehicle's ego-motion is 

estimated as described above in connection with FIGS. 2 or 3, and calibration parameters are 

estimated that would cause the ego-motion to integrate into a straight path. 

The invention provides a number of advantages. In particular, the invention provides an 

arrangement for determining ego-motion of a vehicle 10 on a roadway from a series of images 

recorded by a camera 13 mounted on the vehicle 10, at least a portion of the images comprising 

projections of the roadway, and without requiring mechanical sensors which are normally not 

provided with a vehicle 10 and that would, if provided, increase the cost and maintenance expenses 

thereof 

It will be appreciated that a system in accordance with the invention can be constructed in 

whole or in part from special purpose hardware or a general purpose computer system, or any 

combination thereof, any portion of which may be controlled by a suitable program. Any program 

may in whole or in part comprise part of or be stored on the system in a conventional manner, or it 

may in whole or in part be provided in to the system over a network or other mechanism for 

transferring information in a conventional manner. In addition, it will be appreciated that the system 

may be operated and/or otherwise controlled by means of information provided by an operator using 

operator input elements (not shown) which may be connected directly to the system or which may 

transfer the information to the system over a network or other mechanism for transferring 

information in a conventional manner. 

The foregoing description has been limited to a specific embodiment of this invention. It will 

be apparent, however, that various variations and modifications may be made to the invention, with 

the attainment of some or all of the advantages of the invention. It is the object of the appended 

claims to cover these and such other variations and modifications as come within the true spirit and 

scope of the invention. 

What is claimed as new and desired to be secured by Letters Patent of the United States is: 
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CLAIMS 

1. An ego-motion determination system for generating an estimate as to the ego-motion of a vehicle 

moving along a roadway comprising: 

A. an image information receiver configured to receive image information relating to a series 

of at least two images recorded as the vehicle moves along a roadway; and 

B. a processor configured to process the image information received by the image receiver to 

generate an ego-motion estimate of the vehicle. 
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FIG. 2 

100. EGO-MOTION ESTIMATION SYSTEM PROCESSOR 14 
RECEIVES AN IMAGE 

'101. PROCESSOR 14 RECTIFIES THE IMAGE ACCORDING--.. 
TO INFORMATION PROVIDED DURING A CAMERA 
CALIBRATION OPERATION TO PROVIDE THAT THE 
OPTICAL AXIS IS PARALLEL TO THE PLANE DEFINED BY 
THE ROADWAY 
'-

,I' 

102. PROCESSOR 14 GENERATES AN INITIAL GUESS AS 
TO THE TRANSLATIONAL AND ROTATIONAL MOTION, 
USING THE PREVIOUS MOTION ESTIMATE AND, PERHAPS 
INFORMATION FROM OTHER SENSORS IF AVAILABLE 

'-

103. PROCESSOR 14 WARPS IMAGE RECEIVED IN STEP 
100 TOWARD PREVIOUSLY WARPED IMAGE THEREBY TO 
GENERATE A WARPED IMAGE 

, r 

104. PROCESSOR 14 DIVIDES THE PREVIOUS WARPED 
IMAGE AND THE IMAGE WARPED IN STEP 103 INTO 
PATCHES AND SELECTS A PATCH 

A 

PCT/US00/32143 

B 
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A 

, r .. 
105. PROCESSOR 14 GENERATES A VALUE FOR P2 

, r 

106. PROCESSOR 14 GENERATES A VALUE P1 
(EQUATION 20) 

,, 

107. PROCESSOR 14 GENERATES A VALUE FOR Lambda i 
{EQUATION 22) 

', 

108. PROCESSOR 14 GENERATES VALUES FOR Beta i 
(EQUATION 23) AND Alpha i 

'" 

,, 
r ,, 
109 PROCESSOR 14 DETERMINES WHETHER ALL OF THE 
PATCHES IN WARPED IMAGE HAVE BEEN PROCESSED 

I 
YES 

+ 
110. PROCESSOR 14 SEARCHES FOR THE MOTION THAT 
MAXIMIZES THE VALUE PROVIDED BY EQUATION (19) 

F JG. 2A 

PCT/US00/32143 
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FIG. 3 

150. PROCESSOR 14 GENERATES AN INITIAL ESTIMATE 
AS TO THE MOTION 

u .., 

151. PROCESSOR 14 USES THE INITIAL ESTIMATE TO 
GENERATE A WARPED IMAGE 
... 

,, 
.., 

152. PROCESSOR 14 DIVIDES THE WARPED IMAGE AND 
THE PREVIOUS WARPED IMAGE INTO PATCHES 

,, 
153. PROCESSOR DETERMINES WHICH PATCHES ARE 
LIKELYTO COMPRISE PROJECTIONS OF THE ROADWAY 

, , 
r ' 154. PROCESSOR 14 THEN USES THE PATCHES 
IDENTIFIED IN STEP 153 TO MINIMIZE A COST FUNCTION, 
THE MOTION THAT MINIMIZES THE COST FUNCTION 
BEING THE APPROPRIATE MOTION 
'- ... 
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SK2, W.J1~$1J Et!i&o ifrift!Eff-Et!~ YL Y2 H::5HJU)#f ...t 
T1f:•ffimif~~*oo~~~m~miftlffi~•~ff 
-~~~W~a~o*~fflffi~ffi-ttP~ilB*$~ 
1!Jfi:$!1il!J rYb .:i!it~~ ift;gfi:$¥9 rfb~ *~~ 16'~ B'9 ,IW~ 
~ffl~o 

[ll]fltt~i!r-lt CN 2349068Y 

[21]Eilil-lt 98249991.4 

[ 7 4 l -t-,1 ft II ffl. ~ -E wHJJ-.1l ~ ;;¥1J • .%--J!lr 
ft JI A ~;ff~ li1P31ffi 

t­

N 

""'" I 
00 

0 

0 
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ifJ 

ifJ 
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~ 

L -~th,f.[$~JU!l-"7F~·--, 3:.~lf].i.{ljf-:.ft-(I) ~~Ab .. ~M- (2) 

~M~ . .i.~~.fl (I) -§.}a-J:.Ttf:ii-t~~TtJ&-Yl ;fll Y2 .. il:5F.M-ZPI .. ZP2 

,ltjtp:Jflt• SKL m.~-tlt\tn ZD4 .lf<.Jtp:Jfi.t• SK2, W..~&A~•Jrt•~" i! 
-i°il.7F~J$-YI.. Y2 :{,}j}tl¥f J: r7$=Ji7Fl&-i-~~J#ti11tlt0 ~iif-~~t• 
~-#fifit}tcj:tffij~~~. ~~:lt: YL Y2 ~ft}\.J,&1f-JiHtt£;1:.~jf-~Kz ~ L 

2 Me,f.i-J:., m~at1tJtJ tlH!l$-1.~tl:~ti7f-l-~i:Al~lrF~~~Jf-# Kl ~~J, 
Kzi'I,P., l ~~lm.R9 .. it~C8=itli1Iit•1cs 1¥J l l'r#a#~3~-tlL~.at£~~IC3, 
IC3 if-J 3 J]ip.l:B i5 ~lt1iJ ~~M-1+w %~~Jw t~Jl RS, B02 mffe.#Jrf!.·=f}f~, 
il~~'F~ ZDl ~ ZD2 p:J J&i{~,M-ZPI.. ZP2, f,q~~· lfJ R3 .. C4, R4 .. CS ~ 

at1P11"tt~~J4 #iJVJ.u~AiJIJJ ZD4 ~0Jt~lilat£~~ IC4 ltit1Hirt1'~rt 
Jl.§.R8, BG3 f!l.ht~lt-f-:1f*tltlJ 1 ~~f!i\tjf~ K2 riJ l illffl-:i'!~T ZD4, 3 ~!&lt 
lf rt~ IC6 .. IXJ~ft!JtSK2 ti~ ZD4. 

2, jp;t,x.,tu~* 1 rfrifl¥-J iliff].$-*~~*••· Jt-*iiE,Il: IC3, IC4 * 
Jf:l 555 f¼tl-£t•* )t D 

3, :!{11ix_*JJf;Jt 1, 2 JiJr:'ra:~ ili#l$ •• -Ulffi.9".I-, ;)t.4-½qlEJ:: #iJVJll. 
~¾·~ZD4~~-*~'~*•*~~~$~ffi~~~·o 

4 .. jP{X-ttl~* 1 .. 3 m~{!J te~$ffl*~~tli••· :Jt.#-iiE¾: #-tR1s 
~-ffi.i'~T ZD4 e'-J ;kT-' ff] 7r~ }J11 ~ ;;f=J~ ✓f ili ~ ~ l#J . 

5, :fiP~tu~~ 1 ,1ri!ffJ iliffl$i1i*-Ut3F4li1f-B-, Jt~1I;Jl: i.4:lffe-1-c 1) 

~ .I. {'f :iJt ~;ffi ~.a Jb-#:t.tt¥g, WJJ·}F Jf-jhSlj *-f $] ~ fiJ W,jJf WJ J:.o 

6, j11«*tlt:* 1 rJr:ila(JtlHI1$ffl*~5F{l.4J, ~4iE¾: IC5~ IC6 7iJ 
JJ.~~1± rh i~ ~ l:ftt f~Jt o 

_ 7, iPix.*J:f->J{. 1, 6 Ji)r:a:t/J ili~$WUf~~~~t\&, Jt.~;fiE¾: IC5, IC6 

7:1 7915 ~=-~-1±41. 

8, jpt{ttlt-;Jt 1,1r1t~ili$1$ffi*t-&5F···' -~1iEJt: i:.{lk:1fil ( 1) 

~~Bli~~M- C 2) cr::B---itiil:ff~~il7F:kT ZD5 W ZD6 ~ Kz ~ 2 ~;ffllf. 
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*~m~ffiAft~•~~·· A~~,&-~ilim$-~~~I~J:~~ 
~, t~ij-lI*-t-J:. "f $ at1PJ~jJtt-, ~Jitl:IJ~Jl.({$-~)ij-fi*~ I~, *A;;¢j"f!i 
t:~ t~ ~jVF ffi.•-B-. 

;It 1~ 1t ~ ~JiIJl. 5tJJ't~ A.1f J ~ I 1t. ~ >J , !£ i5, ¥fitl ~ ill fi~11t J t&.* 
~7J'l. ;Jt~:l~W iliffJ.$ ~J!AifJ. t~ ~-~~:iiIA.t - . 1!!l, 11...JJ 
~*~ililiJ..$a-J-~t¾~--~jif~1£$J:., il~ Jffl_.:k~-~o jf*1r[i~il 
~!&* J:tt-rffifk., -l ~OO~ffi~~ o :ff a.t~5!¾-t-#]Ll¾~t-1'i¾-t-~~1iJi'! t;J. ilifil 
$"~~"~~~7f~. ~~~~ .. ~-~&.~~I~~~-~~~w*~~­
~RA~~~#~~*I*1iJ~-~-~F-~~--~-~-$~$~~-~ 
at~•**•M-tr~~ & ' Iii.I at~fl- ff]~~$ ~¾:1?il f 1iJ ~~ i#itl:lt* 
JI, it1iJ fA-+l*J:.M-~:tt-l'S2J~. f-Jl, *ilit A~±t~it'-wf~, *tlJfHtit-f-;ft 
iit~~J1fitili 1 ili{JJ.$Wf*~~ .. t!if-:,i.. ~iit~ii£a}]~lM-, ~➔1f7!{~. 

¥H,tl¾i±½~~I.*. 
*~JfJWr@l~ § ~lt-f*1#-#4t#J~lf!-, :t-~{tJfJ7f1', 1tii~li~, I. ft; 

1iJ t, ffe.* irtll ~ tB ffi-:t-t~U~~7F !lit.I-. 
*~m~~¾¼#~~~= ~~I~~•~~~~~•~m~. ~~~•~ 

t!.l"f-$*~~7ft~ Yl ~ Y2, ¾fbf;Jf-ZPl ,&;¥tµJ~~- SKL a~-tlt:~r 
ZD4 ,&~f,q ~ t• SK2, l;l.,&_~·j tt!J~-$. *-i~7F t• YI~ Y2 ~¾jtl ~ J:. "f 
:t-•~--~~#m~~-m~*••~t•~~~~*~W~~~-Yl.~ 
EtS4tA~¾IUiiZ£E~Jf~ Kz {i;J L 2 ~,~J:. m~at,t~ l:B#l.$-.If¥~~~5F 
-~ :£ Jk ;if-:3-"F S'V ~ #J :ff~ K 1 ~ ~J . Kz it ,#, 1 ~ ~J].. 1'€.$~ .=. ~1ta ~ ... IC5 

~ 1 ~#-!.i 3 ~- tl:L~ at£ tt• IC3, IC3 {i;J 3 Jjp. ili i5 ~ It "iif :t ~ Mo~1t % ¥.l 
~JliJltlI].R5, BG2 i.Uhtr/Jlt!.fjf~. ~;tJ~;ffen ZDl. W2 p:]~~jfjf. ZPL 

ZP2. 0J~~·lir R3, C4, R4. C5 r/Jatf~ttt~$t]o tJdJJE(It,ffl.9JTW4 ~ 
p:Jt~ JiJ Stl-£t• IC4 ltJt.1~001€J&-;fl'.1 ~J_[ R8. BG3 f!I.~~ t .:Y--**~{fiU. ~* 
ffl.*jf* K2 ~ 1 ~!i:Kf ZD4, -Jt 3 ~jf {iJI it.It} IC6, 0J~t~ SK2 * .i, ZD4. 

*~JrJMr~*JfJ~ii, i#r)Ji~ltJ&-#¥9, iiititll, I1t~Jt1iJ1J:. i~~f!P 
~••*~~$~•*rr*~1,•~~~~rr*~if*~~~~~~~~ffi 
*· !WJaf, -_§_$fkJ~~blh:f:1'f, ifli'Litf~~i~;&ffi\t-Jf*, :il:if$_l:.ijg# 
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i,R:kr f.iJ j~ifl ._, J;J:fUk. at~J .ii:. 5e,w, ff ~±i!;~j;-::f Ju~ Fig -ffi fk-.0 ~ J!t, *~JfJ lfi 
~,Jr.*#-J~±½1!1Jtl~ ~ ffQ.~Ef-J. 

roo M ½15ft 00 ~ ~ it(f 1J xt*~ ffl jfi~ 1t*-ffe ~i3t aJJ, 1~~ffl 1Ui-'-::f ~l f-
ffl" OO tlr 7F. 

00 I Jl*~JfJlfi~a'grtJt-:lJ.jJ~OO; 
00 2 7.J;f.~JfJ~?JU1t-~~~~a'g~JJ-Ft~OO; 
m 3 J.J *~AHi~ .i. ~ 7F.ff Z ~wJ~ 00; 
00 4 7-J 1!13 Z..A ~~~~[11; 

fil 5 7-J fl! 3 Z.. B rfiJ-fJi_lJ!1; 
oo 6 JJ *~m i#r~ z..$! ilh~ 7F m-Fig m-urLiAt oo; 
m 1 ~*~ffl~~.:t#ifJS~-ffi.•~r#-wJ~OO; 
008JJ*~m~~~ili~$fflJ:.Ef-J~~7F~OO. 
jp 00 L 2 Ji/r7F, *~JfJ !tf Mi.~ riJ i.1!jj;',1. l {tlliff ll;b4/t~ M-2 ~f.ElJit i. 

~5f-4-1 '@ii!J:. ""f $-i!¼i1bFt~ YI $1 Y2,ft7F.if-ZPLZP2 Jk.*µJ ~rt.rt} SKL 
Ju~-ifl~JT ZD4 .&JtlAJ~lt~ SK2, Qi.Jk.tltJrt~~- -i!ittlff--lt.!;-YL Y2 
_¾,}jU ~ J:. ""f $~7Fi! ½ ffd~U # ~ 1tt£:ii}fJ ~i~-i"~7F t ~~#1it;t. Jt .PW~~ 
Fig. YL Y2 EmfiA~~]1Jttt£.ij~Jf# Kz ~ L 2 ti l\J:., lfJ fiiJ at1t JJ llifl1$ 
.I.1t{k ~~;if-=~ Fig .i. ~ 7F~ r if,J :« ;& Jf * Kl ~ tL Kz tt .~ 1 ±~ t:EJ.ft R9, rt~ 
C8 :it =-~~JI. t~ IC5 En I 5I#t;:#-!1 3 ~~ lli .¥at£rt~ IC3, IC3 Em 3 }jipft ili r5" 

~lt~1t_Ef-JM:.)~1t%t£~Jwt~iL R5, BG2 i'Jl~~it-f-Jf*, ~ij;f~7Ftf ZDL 

ZD2 0JJ&i:l!::3FJJ. ZPL ZP2o fA]:};,*~*lfJ R3, C4, R4, C5 tf-Jfltf~#~t~tJ, .fiF 

i.?Jm ~-=JR.tr ZD4 ~ f,0#f-lir Sf .£t~ IC4 Jk;f.t:y~!E 1£~4=tJ~Jil. RS, BG3 ill)J\t Ef-1 

it-=tJf*4£tL ~i~t!i•Jf* K2 FFJ I ~11:.*fT ZD4, 3 ~!i~,JI t~ IC6, IAJ 
~tM- SK2 lf ~ ZD4. i.~?F~ I ~ffl!l;IJ:Jk7F»t 2 .P%faJUiifff 16~5f-~T W5 

~ ZD6' ti~ Kz if-] 2 Yjffl 0 

1t;ti-1--~~i1L *~Jtj~~Jir:!f..~ 24V tE.t~1Jt~; at£t~ IC3, IC4 * 
JtJ J 555 af £.~tUitt Jt, Jf{lJ)fJJt.]tr~ IC5, IC6 ( 7915) -=-~~JI.~ffe. l:@.~{t If!. 
JI.i'£tJ-tf. 5~18V .:tfaJ, ;t~,fflif~t£$JJ{t 15V; IAJt!rt~ SKI ~ iAJt~tWf$ mat 
ra111t~ T 1C=R3 x c4), T 2(=R4 x cs)~Jt; 1AJt¥tJ¥$.sK2 ~1AJ:t.~~$w-0-t. f-=1.441 

(R6+2R7) • R9 ,A;to *~Jfj~~z. IC4 ~n±:f.i:J~1t%~ i!i"~ ltJ.J 50%, ~$ 
~ 2 W#:ic:ti o 

2 
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~003,4,sm~. *~m~~~±•~•1~at~~&«$1~~~-~ 
•· ~ J:t-ftl rm 3 rfr :3f Er-J tt ~ at, ~ ~~ $ JJ "~if-,, 1i ~*~a ~ £.~ :3f -1.z 
J:.-$:rtatit•~ 90° 1M-1mffl JfiJ :t pgJtat~5Fw it,, n:51r-:f{~5F. 

:k11 m 6 rfr :3f ~~JI};~ JF -1-2 FB 1'e_ JF M-J:. il j 1J J "it• #it tt-rrr * #J iP" , 
"Please carry your bagg,-1ge well !'' ~ i:p ~X~JF1t .~,, U.~-®:rf ~ "*$~ 

~"- "rp~~,JfJ-tJfJ~j!" U.ltllifJlif-fi.ill:Ef-J "~1:f#-*1~,15" tii1~,. ntl:ii 
4-l~&Ef-J JtatRt'f-ftiJ *U7Fik~hit l~'u 

~1100 7 rJr7f-, *~JfJ1i.frmlef-J#iJV$.~AR1fJT ZD4 Er-J:kT1'*m I¥ 1EJfJ, Jt.f)-, 
{$1ij" W. ;/J11 ~ ifdt )If ifr 10" 1f' ~ , ~H fl~ $>ij~ 00 Jt ~ it !I_, W. r» lt. f{ ~;@: ~ :l;f ITU~ llftiJ 

JE t' 1JJ ~~ ~ {VrL 
00 8 7Flli J *~JtH#r~tfililJ1$J:.a"]~~~~1iI. PJill:ffi:$~FmJl-#-·tt~ 

i~~l:.1i~~~1il:.a 4~it1tfil~-1lPf-ff*11~~1f l:t~J~JtL x.~f-~;tJLtl . 
1tet-J1ftl:., -MtlliirJtfL~:jt1t5J'!f~Jt C OOit¾~tb ). 

*~.ffl;gf~&/gI it)J~lj I 1ttll¥.: 
L Ji:i:r$ma'g1~,_k:Jf)tjJJi,t;:.~7f-~lfl.~, Ji:it:lf:#_ KL imiltrt~ LB ~ 

1.ttJ§)J11iV:Jf* Kz s'12 ~ff:@.I1t~it~t~7F:kT W3 t~7FJt!~$0 *~J:.$1§-, Kz 

1!:l-f I iJ#tr, i!t-t• Yl :JfMtL1t, ~&#Jt.a.:kJ§-1EM!Jlf#. SP ~tlHt~ 
_1_$ ~ilt-~~, ~E-t-Jt at f~ J§-~ 1t. ( ~~3; i:p ~x ~JF-~ t ~ Jl:~ ~at, 
£-tlJF.Er-JJi7FM-~~Jl);f:l7F»f-i:pif-JJ3t:kT ZD5, ZD6 1?i-1f, l):J#~:kT ZDL ZD2 

*~~~~~~~-•R~*~*M~~~~- **~T$~.~~·~-l~ 
"Atr:l ( Jlri ~ lfiJ tH·lVf-" ~ $" ) , Kz ~· f- 2 ~, * -ff" f-@j!} Y2 *~ft I 1t, :it ill 4t 
~T$~*••~~-.4M*~~iiJ~~-$~*~-~~. ~~·~•I-t 
45° £~a+, Kz tfJt 3 ~' 1'tfkJxfj)-,:Jq:f~~1§,~,o 

2, j$~~±4h*#~~~~~~~-¥~-~. R~~m~~~~­

T~~ffi-**~ K2 C ti 3 iJ#ti ), VJ~t~ SK2 4i:ii.rt~.I1t, ~;&,#iJJS~-tli 
•n W4 J):Jt'f-C 3cJff&•~~t~~$ ~:f i~dt-f-), rfiJ $1)-,f&1f->Jttt 

*~ffl~~~~M¥J~-lf!., ~it½~, I1t~~~-o ~~ijt?pflt~j~*~~ 

Mrr*~i.~~~~~fi*~£~*~:foo¥~~ffi~ffl~o ~~. -~$fkJ 

Jk~.:J}J *1i, ~t!L ~ ~~t~ff!kij;1!l.-:1f#, i@_:m:$J:.tr-J#iJt:kTrfiJ JH&._, W-~ 
2tlr-t~J1r.1e.$, lf~Jm~Yt9i~. rE 11~. 4ir-~~*~m 1#r~~41Ix.fl ~:kt~~ 
1if~~. *Jd¾~rJr**#Ji±½~~3t#f ~ liiftt#Jo 

3 
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YANG±. (JIAO ZHIFENG,; MIN MIN,; YI DIHUA,; CHEN 
HANYING,; YANG JINJUN) 

Page 1 of 1 
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Classification: 

Application 
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Global Dossier 

·rhf.1 invention provicies an r:1uto~-r1obi!e autonon·1ous n1r:1intenance ren·1inciin{J de\lict:; and 
S'-/Stt~~rnl vvhich bt~!on~1 to th£~ autornobi!t~~ d!E~~inosis ~lnci cit~tt~ction. C~ornpart~d \~v!ti~1 thf~ 
prior art tht:~ ~3utorT1obi!t:! ;:_~utonon1ous rn~3!ntenanct:! rt~rnindint;i dt~\lic.s:.~ and t:;yst£~rT1 are 
bast:1d on tht~ t~xistin&1 autornobiit:1 autonoiT!ous diaQnosis tt::c~~1noio&1y·, and ;:1 data 
acquisition rT1odu!t~. a ciE~ta analysis rT1odu!t~ .;]nci an autonorT1ous prornotin~1 rnodu!t~~ art:~ 
rnain!y -=-~rr~3n9eci on t:~ correspondin9 de\,•·ict~ vvht~rein a LH.:;t~r is ren1indt~d ac.c.ordint;i to 
iT1a!ntt~n{:1nct:: n1t::asurt~s &1ivt:1n by H';e data acquisition rnodu!e. 'rht:: ;:1ut0iT1obi!~2 
autonorr1ous n·1airrtt:~nflnct~ rt~iT1inci!ng dt~vict~ flnd S':/Stt~~rn Cfln bt~ ut!li.zt:~d to cornl:1inf~ an 
r:1utornobHe ~T1aintt~nanct:; systen1 vvith security en1t:;rt1ency r:1nd the like; so as to !ovver 
tht~ systt:1~-r1 cost .t.\t ti·1,2 sarTlt~ tnT1,2, thE) devict:: is portaf)!t:: an(i can bt:: p!act~d in c)if-fr:1p2nt 
positions of an flutornobi!t~\ so that a ust~r c~ln ust:~ thf~ dt~\liCt~~ rnorf~ convt~n!t~nt!y. 
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CN 102650882 A 1/1 §[ 

1. ~#R+ § ±:iiJiftm~~K, i~m~~j['E1,tr§~ ffl LlJAR+~~+ffi1R-~-R1nffl 
~~ti*, m Ll xt ~ ~ s{] n ffl ill1f * ttr * t~ ili ti ftffi J1fil s{] ntm 77"-1tr1i*, Jttt fil fr r, fr i~ 
m~*j[_t~i9:K~ = 

ffl Lltlzfflnffl77"-1trtJJJcmili s{]tiftHrJJfil, *xt ffl? illtr:JxrdWa{] § ±tRdWtJJJc D 

2. :t~ffltztuJI* 1 rfi:r£s11/i¼ § +S:ttif~m~*il, Jlt#filtr:r, rfi:r£s{]nffli*~m 
*,1'1t2£~'jj:_7;;/Jfflnffl~~-=ftl*,1X'$l~~nffl~~-=ftl*,$:5r~1Mnffl~~-=ftl*, 
~~~~~ffl~~-=t-m~,ooffi~mntm~~-=t-m~,~-=t-~~nffl~~-=t-ffl~"P~~& 
Jt:- □ 

3. Wffltl[lLlJI;f( 1 J=iJr:i£B1R$ § ±3:ttiitt~~*Ji, Jt:t~filtEr, J=iJr:i£s{]zJ&ffl77"-ffrtl 
±x, 'E1, ti~ ~~ti 1t-=t-tt±x, :fip tit t§ ~ ti 1t-=t-tt±x, rJJ §~ tt ti 1t-=t-tt±x, ~:; ». Jt:1m ti 1t-=t-ti 
~"P s{]~&Jt:~ 0 

4. :tlzfflt>Z.lLl'?J;f( 1 J=iJr:i£8"'.lR$ § ±S:tt1ld~}}t~*K, Jt:ttfiltEr, J=ifi:i£8"'.l § ±t}tWli!tl 
~. Mi1!Ht~~M,1mJ1f ~1L Ll».t~~'.lJ"P ~&Jt: *~IJM/,J o 

5. +lzllit)ULJJ!)k l )=i)r:i£B1R$ § ±:i:~ti1tm~*K, Jt:ttfilfrT, fr?Jr:i£s1m~*K 
_t.~~~~fflLlmn~~mm~m~~~-ffiJJfilillfi~m~~-~-ffi~ 0 

6. :tRffltXlLlJI;f( 1 J=iJrJ&B{]R$ B ±Attl:itm~*K, Jt:ttfilfrT, fr?JrJ&s{]m~*K 
_t,~i9:K~fflLlti'tt:.R+_t~~~fflffl#illtrnffl'tt:.~~nffl~~ti'tt:.ffi~ 0 

7. ~#R$ § ±S:ttiitm~*tJL Jt:1~filtEri~m~*tJE'E1,ti~ = 

z;&fflgx~tli 1~, ffl LlJ,A.R$gx~$ffi1R,@, ; 

zJ&ffl7tmffl#,ffiLlm~~~nfflillfi7tm*fflili~•mJJfil; 
~-t12~ffl#,ffiLlWfflffl~~~-ffiJJfil*mffi?illfimM; 
zJ&ffl m ~ tll 1~, m Ll :tlz ffl ~ ~ s{] 7f $~ 1~ _@,».ti ft ic. ~, t~ ili tl it m imI * xtzJ&ffl 77"-ttr tll 

1~m1~ s1 ti 1~m J1filill1f ifirl m 0 

8. :tlzffltXlLlJI;f( 7 J=i)r:i£s{]R$ § ±Att!:ftt~~*tJE, Jt:t~filtET, J=iJr:)£s{]zJ&ffl~~t1l 
1t, wrl~i9:wtER$_ts1itWrtm Q *~~*t~1~1 _@, a 

9. :tlzffltXlLl~->K 7 ?Jr J£s/,J~,:$ § ±~MiHtm~*tJL Jt:tffilttT' J=iJrJ£B1ti1tm~rJl 
1~1.!J!lrl~~ M, th J'5 :g, Ll ZH~~1J ~ ~ & Jt: ~*~I~ 8"'.l o 
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CN 102650882 A 1/3 §[ 

t1#:~9Ui 
[ 0001 J :zj'c bt fjJj ~ T f\-$ it~ Jf P ~ imU ~Yl tH-:t 1~ JJiJ ~ 1k if~ f\-$ § ± s1'.J1t ft ti 7f, * lr 1k ffi 

tJEo 

-1:±---,l,>-:cll:c._§e!_ 
1.X./1'-F:::l;r-. 

[0002] !A 20 tittc 501f1~3ffrt' ;mrlf\-$tt#1=i Ffl Ttt#;J-§~i\-' Ffi TVZ:#tE$~-$-1sl.J@ 
J=IHa:elfil~%~;, 3fti1~T illlffl'.t1Hl,:I'iJe~5leA, ·r:'tef PJ:3,m*ff\;li:R"JR+~ T~ffiU*tJE, 
lkA~-~TR-$~~htl,~~tl.~~tl~ffmtt 0 ~W~rR-$~~~~T~~~R 
**t3EmJJ5fi*~sl.J~3i'd:'t, #tf\-$ifi:ft T1tw* T ~*~$ s"J ~x1L ttxti3:if~•rtm, iu 20 
ttt~10~~*80~~~,tit~jc$~~-$~~~~3f~~ffi~T~~*~~~~~~-$ 
bt~m*~#~lk*~~T~~*m~:I'JJ~~~~,~~m~f\*~**m~*~m,fPJ 
~~--A~-~~~~*~$~-~*fflo 
[0003] 1lfHUl, rf1 [;El ~;;rlj ( ~it~ 200810153763) tR:ili J ffl rf\-$$~it~sl.J$t1J,iSO&ffl 
tt't~:ff lk itWf )(trJJ:!.:1f$!, fPJ R1, "P III t·;;tlj (200810186269) tiili T -t~f\-$3&1¥ § ±~$~ 
it~7J$!.&*i~iL B ~ij, -$ffl BI.J telematics ffim, #PJ~LlBI.JTLtt 0nstar ;fP G-Book :W[R]~ 

~JLJ2t1in~~,~~filZ;@~~i\-~*' ~¥Y:ffitJEsl.JM*t>lFro o 

~~J=lpq~ 
[0004] *btRJJ'?Jfrl~1R:i't''1 IPJ~Jv, 
[ooosJ :zj'cbtSJ:j sl.J § sl.Jz , ;'!m1~ if~f\-$ § ±.r\'J1tftm7f,*K, i~m7f,*K'EL115~ ffl 

~MR*~~*~~g~~ffl~~m*,m~~~~~~fflillfi*~*m1:±1m•m~~~ 
ffl % tfrtl*, tE i~ ~ ~ *i[ _t if fli[ ~ : 
[0006] ffl l;J,;j;!zffl~ffl-57'-tfrt**mili sl.JHHtffl~, *x0ffl?illfi.MBI.J § ±•Mt**" 
[ooo7J 1ft:®sl.J, m~sl.J~ffl~~tl*, 'ELt~~btiJJtJL~ffl~~ Ttl*, 1Sc~lfil.7f,~ffl~~ 
T tl*, * ~ ~ ffiLl~ffl ~!fX T tl*, fw iii~ ffiLl~ffl ~ !Ix T tl*, Hit EE ~~mu ~ffl ~ !fX T tl*, 
~T~~~ffl~IfXT~*"P~~~*-0 
[ooosJ 1ft:® sl.J, J=ifi ~ sl.J ~ffl-57'-i-frtl*, 'EL 115 ~ ~~ tl itT tel JR, ~P JJJot§ ~ tl it T tel JR, :I'iJ 
~ttm•Tm*,~lk*~--Tffl*"P~~~*-0 
[0009] 1ft:®sl.J' Jifi~B"J § +tR:MmrR:, ;'!;mrl ,~lr,#f, tMF :ff, ~Rt8'7r,')Trfi ~~J>X-* 
~lJMI.J o 
[001 oJ 1-Jt:® s"J, tEJ=ifi~ s"J:J=Jt7f,*w _t, ~ rlw~ m ~jxt~ffl * tfrtlr.R:11&1~ s"Jft 1tfflJJtill 
1f i'"1 ~ sl.J ti 1ti'"1 ~tel* o 
[0011] 1-Jt:®sl.J' .fr?JT~B"Jtll:7f,i~:a_t, ~i'>t:a~ ffl ~frr:l!btf\-$_1 s1.J:'6-m1NLlf:li 1~ill1T~ffl 
bti5BI.J~ffl~!fX.fr!:l!bttl*o 
[0012] 4~btRJJ BI.J :jj- § BI.J, ~-1Jt-if~R-$ § ±:i:~tt1ri•7f,ffitJE, i~-7f,ffitJE'E1115~ : 
[0013J ~iJ;i;~!fXf:li 1~, ffl ~JAn-$~1iX-$~rJ3f~L@, ; 
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CN 102650882 A 

[0014J ~ffl7J\.iJijJi 14, ffl l;,J,x0 ~~ 61~fflill1f ?ti-Jr*fi tB t1ldriHf l1BI ; 
[0015] tf/:{rit£~tli 14, ffl l;),;j;~fflf~ f±j 61Ml:friHf JJ'BI*xt ffl p itt1Ti'£M ; 

2/3 §[ 

[0016] ~ffl1tt~tli 14' ffi l;),;j;~ffl~~ 61$$~1~L@,l>U1Uriic.)f(, ft f±j tl friHf JJ'BI:# xt~ffl7J\. 
i-frtli {4~1~ 01 tl friffl' l18Ii1Hfir.J ~ o 
[0017J 1ftJ2161, MJ£61~ffl~~tli 14, J!lrl!cji9:Attrt/f _t61itffiftw Q *~~-ff$]JJ§1~,@,o 

[ 001 s J 1ftJ2161 , MJ£ 61 tl f~t-V1~ tli 14 ~J!l rl ,r& ~ M j% !5 :tt, l;,J, l>tt8'~'.kJrti ~ ~J> Jl -* ~ 
lJM1 o 

[0019J *1t~JJ611i,8ftr: 
[0020] !cjllfftt*;t§ I::~~. *1t~~rllffr't$ t3 +5:-titffitt*, #xt@61*K-1 +.~ 
19::'ocff~ffl~~tJUJ~,~ffl?ttfi·tJ~, l;J,l>z § ±t£Mtl~, Jl:"t', t~ffl~ffl?ttfi·tl~~ tB 61 
~-ffi!1BI*Mffl?ill1f~Mo~ffl*1t~~$ffir't$~~-ffim½~~@~~~*~*' 
f). rm ~ft:ftl2ffi~JE61fi½*o [R] fft, i~*:'oc~ff UPJJHi, i'rE$ :1J {!PJih:'ocrft=c$61~ [R]{v::'oc&:L J!bo 
Ji ~ffl p 1rtrffl 0 

~1100 i5?. ~)1 

[0021J 1!11 ¾*1x:~JiJrWiJ£*K61ffi:E*tlil!la 
~~] i!l2¾*~~m~J£ffim~~~ml!la 

~1*~~~1§~ 

~~J ttmr*1t~±~~~~mJ£: 
~MJ *1t~±~~r~~A$§±5:t*ffitt*,1tt~T-#$•:r-tA$~~1tt~* 
:'ocatE~*:'oc~W::i=~§±~M~~.~±~@ffl~ffl?t~~~~~~~~Hfffi*MffiP 
ill1T1£Mo 
~~] 001¾*1t~mWiJ£*:'oc~ffi~mooa 
[0026J ~I!! "P JiJT~, *1t ~M J£611t=c$ § ±5:-ttildritt~*:'oc 100, ±~--eL:t§~ffl~~tl~ 
110, ~ffl7J\.i-fr:tl:1::k: 120, § i:=rkl:M:tl:1::k: 130, [R] fft, if 1'1:ttff~ffl~~ill!l!i't:tl:1::k: 140, l;,J, &tl 
ffii)ciJ~tl~ 150a Jl:"t',f2.rn~ffl~~tJ~ 110 ;fP~ffl?ttfrtl~ 120 *ttxtft=c$llt/tftili 
xt@i't''ltifr:tm MI, t2. EB § ±:m:liltt~ 130 *t~ffltifr:tm hfilxt ffl Pill:fT:m:fi o ~ f:t:l:ih, -Pur Jifi 

j£: 

[0027J ~E~~+t:tk 110, ffl l;J,f).r't$~~$$]JJ§1~,@,o i~~-rhif~~+l:tk 110, ±~--eL:J'§ff 
;ti}J;tJL~.j;@~IfXr1l:l:Jc,fx*R~~.j;@~IfXr1l:tk,$~:J:22:1M~E~IfXr1l:tk,fw~:J:22:1tLl~ 
~~~[-;l;k:,ffilli~~~~~~[-;i;k:,~[~5E~~~~[-;l;k:~o;lt"t'~1x:~m~~ 
~IfX r tl;!;k:, ffl l;J, ~IfX ~ *tER $ ~ 61 Jti)J 1ft 61 ,f§ * ~~ 1tLi, 1Yu ~P, i'tiJJfft 61~P _iL ffil~, 
~ffiln~%~~~;Jl:"t'~&*H~~ffl~~rm;!;k:,ffll;,J,~~~*tER$-1~~#&* 
61ii~, {YU-PP, $J£H~fxH~61$ijL;w_,;_ it~fxPJTH~~,Ll*fm_,;_ ~~ ;;lt"t' 61$~:J:22: 
~~m~m-=t-m~,ffll;),~m!cj$~=r22:~~*~-®~ffl;~"P~rw~=r22:~~m~m-=t-m 
;!;k:, ffi l;),~~!cjA$61fw ~]UJE;t§*!Bc61-J1:~~~~ffl J=t"t' 61Balli~i~Ll~ffl~~r~;!;k:, 
ffi l;), iX ~ l:cj $t' ija )+. jJ # A 01 ;t§ A~ ffl ' 1§1] -PP' $t' ija 01 ~ J+. ';$ ; Jl "t' 01 ~ T ~@t ;E ~ ffl iX ~ T 
,tJ;l;k:, ffl l;),~~!cjr't-ff61tlt~;tg*61~1~*~~T~ffl, Wu-PP, R7ftE~~5E1T#Jetlt~r61 ~ 
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CN 102650882 A 

[i: t±, ,1-p; kk 
J___b., '-1=.vll.~u 

3/3 §[ 

[0028J ~iwiis1~ffl~IR1l* 110 t~ii~-t'.itil:W~ffl5ttfrtl* 120, i~tl*:±~ffl l:Jxt 
~IfX~~fflillfi%~#fflili~-m~ 0 TI±~~ffl~~~~-r~*,nttffl~~-r~ 
*,riJi'ftttM!dtrtl*, l:1aJt:1tMt1trtl*~~" Jtq:i 01 ~~it1trtl*, ffl l:Jillict5ttfr 
~ffl~IfX ti* 110 ~IfX s1 ~~ ~~~ffl, *zij ili xt@ s"J it 1tm ~ ; Jt q:i s"JflpJJJ:t§ ~it 1tr 
,tl:1::k:, ffl l:Ji!Rct5ttJr~ffli*IfXtl±:k: 110 i*IfX B"J ~r!PJJJ:t§*~B1~ffl' *zij ili XtJ11i B1tt1~m 
~ ;Jl="P s1r}Ji'ftt'tii1tr:tl*, ffl l:Ji!Rct5ttJr~ffl~IfXtl* 110 ~IfXB"JJt:1m*!&c~ffl, *1i 
ilixt@s"Jii1tm~o 
[0029] fp 1-Pl~Jt ~ B1iiJffiz~# r' xt@~l~ ff 61 ~ +S:t~ffl:n'-tfrtt*, t~-t'.it T ~ +m 
ffiHl* 1300 ~~ § :=tmlUl* 130 ffl t:Jt~ffl~ffl%tfi·:tl* 120 ~ili B1ti1ttg~, *xt fflp m 
1Tt,SH~1L p)Tji B"J § j_J,SHW tl±:k: 130' pJ i!Rct.!rVi~ I# j% F :H:' l:J R t!'t~n q:i ~ d> Jt ~* ~ l~ 0 
[0030J ill~zvt-m, tE1~$ g :=t:ctit1tm~*:1: 100 J:, :kE-t'.it:i:ff~ffl~IfXio!l!1t1l* 140, 
TI ffl l:J io:h JtR $ J: l'r'-J tr ll~Jffi.U tli 14 ill:ff ~ffl 1tJ3 o '3 lW ii l'r'-J ~ ffl ~ ltX tl * 11 o 'rm~~ ltX ~ ffl 
at, PT l:Ji'}. EE i~~ffl~IfXio!l!Jtt~* 140, rtJ ~1-~ffl~IfX rt~*Jt:i!t~~, *Jg29J~1-~ffl 
~IfX r tl;l;killA~E ~IfX :!it~ o 
[0031J ill~zvtfu, tEi~n$ § :=t:d'.J11dtm~~j[ 100 J:, ifiQ:j[ffit1tir,'/J~tl* 1soa i~ 
Hl:1tir,'/J~t** 1so, ffl l:Jx~~ffl5ttfrt**m1~B"Jitl:1tm~ill1J°ir,'/J~o tE;zls::&BJi q:i, t!r%tE¥ 
fJEq=i-f]-[:i:xt@R1it1tm~, t~fflR$tE1tffl q:i R"Jaat~~. *xtfflP1tiliit1tm~ 0 ':1§$~$ 
ill1J°it1tat, ~!BcffifJE~~IfX~ffl~IfXtl* 110 J=iJr~IfXs"Jt§~~~. PJ{J§i'~fflJ8:.L1:1;.~~t~ 
5Ext@B1tfl:1tm~, ~at, ~~ti~tfl:1tm~tJ-l:i:~~ffl5Hfrtl* 120 q:i, ;fP / ~' xtl:J 1Wt~5EB1 
tl1tm~ill1T~&if,'/J~ o 
~~J 002~;zJs:1tBAMm~~~~ffi~~ooo 
[0033J ~00 q:i M~, M~B"JR7F § :±S:ttl1tm~¥tJE 200, ±~~t5~~ffl~IfXtli 14 
210,~ffl:n'-1Jrtli14 220,tt1tm~tli14 230, l:Ja~fflm~tli14 24Oa Jl1*±-m.~rrfM~: 
[0034J ~ffl~IfXfli 14 210, ffl l:JhAJ~$~If,Z$$f!Jf~L!~:L JI 1ttlm T, tE1~$J:i&:i:ff ltWr 
}ffij r:J, ~ffl~IfXf~.14 210 {t~IfX~fflat, .R 'rffl--½i~itffi}ffff r:J tBii~, epm~IfXxt@s"J~ffl a 
~rn 14 :=t~~IfXJtz:JJtfl~ffl, 1x~~~~ffl, $:5t~iu~ffl, rw~~iu~ffl ,~t=tffi1;\[1ffi.~~ffl, 
LL ~ +§ , ~-1£'. .tg,,: 
'i=i J 11;c.,/E:.¼'C1/r'! --,--r a 

[0035] ~ffl%tfrfli 14 220, J:tJ l:Jxt~IfXB"J~fflill1T%1Jr*zij ili t1tfttiJJffi O TI±~~t5ff ~ 

~~tl1t' ,}~pJJJ:f§ ~it 1t' JjJ ~ttHl1t' l:JaJt:1mt11dt~ff ~ B"J * ffr~_fl 14 ° 
[oo36J tl1~m~tB.14 230, ffl l:Jt~Ez~ ili s"Jit1r~m~*xt ffl P ill1J°:m:Mta mi ';tffrm T, i~ 
tl1tm~tli14 230 i!Rctilli~M,tmJ'5~, l:11H~~'JTq:i~y~frp*~l~o flJ~~P, PT7J~~m 
~1Xa 
[oo37J ~fflm!fXt£L 14 240, m t:J:t~ffl~IfXR1+tfJJf~-~-aitftic.JR, zijiliit1tm~#xt~ffl 
:n'-:tfrfli14m1~s"Jil1tm~ill1J°ifi/J~" i!R1ttlm T, i~~fflm!fXtli14 240, ep 7J~fflmifX fX, ~ 
f.RtE 4S M 1tffl o 

[oo38J t:JJ:~xt;zJs:Jt ~ s"Jm~WJ1n~5E, ~r;zJs:Jt ~ }~J~s"J..!tTI~~1JLl, JF.l)JtE;zJs:Jt ~ 

0115iHf1 m t=Pl z q:i o 
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CN 102650882 A i.Jt ~~ -15 1311 ~ 1/1 §[ 

110 

~ ffl ~Jurx tl~ 
100 

120 

:J&Wl ?Hfrti~ 

ft:tf 130 
§±. 

~ti El±: mMLfl~ 
f1i~ 
/J~9$f 140 
:i'. 

~ ffl iHIJZ. M ~ t~~ 

150 

Mt fiiij !i!Hitk 

I!! 1 

210 

200 

~ ffl 1Jf&XtJH4 

220 

ft$ 
gj:: 

~ffl1Hfriil 11f 

:.:ttti= 230 
1im 
?f.* tiHim~r-t!l 14 
tjf. 

240 

~ffl:fftlf;(til 14 

I!! 2 
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0 
0 
0 
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0 ,...., 
z u 

c21) $iw"5 201410083647. s 

(22) $ if E3 2014. 03. 09 

c1n $if A -lftYRJf 'Bt)Jr(WJit9'_\[rnz*"¥:~JE 
:tih:t.J.t 110116 ~11¥f i'f'-if ~yrtf ffi 1't IX~ 8 Ni 

16 -'i:} 

(51) Int.CI. 

GOBB 21/24(2006.01) 

(54) ~HJ'l~l~ 
-1~ t±:11ll.$ I½*~ fr:¥m £*.'ii 

(57) 1i$~ 

*~~0*T-#~ffi$~*~fi*mS* 
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!n step 562, the processmq unit ·1 ·l O :r1ay Hr:::1!yz1j the ~1eon~etry of the hut:. 

Tt11~ analysis can DE: D.;~~;:K~ on any con~t>l:1::nion of: (i) the nun-:tJ1jf of !Bnes ::J,~tected on eiiher ~;j(jf: of HH.: v:~tdd1~ 200: (n) 

rnarktng~. c!eiected on t!:t: :·o~Hj (~.uch :3s arrovi rr1arkin9sr ,:H1c! (iii) f:·on1 rnap dRt,3 (sue!: E:~ .. The data of Hie n1,3p database ·160) 

extract the dGSC-:""iptlor: of th:3 :1utL The proc,:ls~;ing un!t ·: ·10 rnt~y use tn,:: inforn1ation otJtaln•::cl fron~ the ,::.xGcutlon of t:1•:l 

rnonocu!ar _;~rH:i,!y~;L; n~::.Klu!e . .:.to;~ for Hr:~:!ys:s. !n addlHon, the proG1j~;sin;~ unit i ·l O rnBV (~ei::.::rnlr:::.-: U]1~ cor:~esponll::.:nce t>:~i:vve::.:n 

Hie iraffic ng:1i ch~tectetj m step 560 and HH3 :ane :3ppe,:Hing in the vtciniiy of Hie '-iet1ic!e 200 

[0188] 

V\ltl1~n th::.: v·eh!cle 200 i~ppn)Hches ihe ~1utJ, in step 564: H1::.: proc,~~:~;lr:~j unit i ·: 0 rn_;~y updBi:e the confiljer:ce !ff'-/E:I a:;sDcii~te(~ 

\!Vit:1 t!·H3 anaiyzetj :1ut} qt:ornetty' ,3n(1 the tjet•::ct•::d fr,3ffic n9t1t 

For •::xan1p!e, conipart:-:: \.Vrth the nLffntJe( of t:Bffic ng:1is actuany :3ppe,3:"!ng ai HH3 hub, the esttn1Rted nunibt:r of trat"f:c Hfjhts 

Hppe::uin;~ ::lt ihe t:ut: rnay HffE:ci t:11~ confidence :::.:v:~!. Tt:us: bH:;1~::J on UH~ confiljence !1~v·e:, tn::.: processinq unit ·: iO :·rH~y 

:3u!horl~·:e H1t~ d:·l-..6::r of HH:: v~:::·:lch:: ?OD to p~:::·forrn coni::-o! in order io i:r1provE± Si~f~::ty condition~;. By perfonntn(~ ~;t~::ps 5fi0-~1fi4., H:e 

processinfj un:t ·1 ·~ 0 can KJeniify t:-,3ffic Hfjhts appearinfj m a ~.-et of capturetj iff:ages and ana!yze HH3 riub fJeorrH3t:-y inforn1,:rtion. 

E::1s1~d on H1::.: i(~ent!fiG.;~tlon _;~nd Bna:ys!~;. t:11~ pro::.:essinq un!t i ·: 0 c::1n ;~1~rH~n3i:e ::.H-:::.: or rno:1~ r:Hviqaiion r:~spons::.:~; of Ul1~ v1~t1ic!1~ 

200,. \•Vhlctl are c:esc:·lbE±d abcr-.6:: !n conjuncUon \•ViH: F!t--;;. 5.A. 

[O·l 8~}] 

5E is B r:ov.;chart i!!u:;hai:inq _;~n exernp!i~ry process ~300E. fDr qenerHiin;~ one o:~ rnor,~ na\,..i~F3i:ior: respon~;:~s :n t:11~ \.•·ehi::.:!e 200 

t~:3~iec~ on !he vehlc!e paH: e:on~il~;t;::n! v\,dH1 H1t~ d:~ic!osed en·:t)O(]irnents. 

in stt:p 570, t!:t: proc•::~.-s!ng unit -~ ·10 ni:3y con~:truct an !nit:a! \teh:c!t: p,3tt1 associ,:rtt:-:: \•\dH1 HH3 \:.::!·1!G!•:: 200 Tt1•:: • . ...-e:1ic!e paih n·1ay 

be rGp:'"•:':~3t3r:i,:lc1 tJ:,:t a s•::t of" po:nts expn3SS:3('! in coo(ciinate:s (x 1 z), t:H1~) the (jistanc:3 ~ji behveGr: tvvo points of H1e set of points 

rni~Y fHn \>v:Ulin the ranf~i~ of ·1 rnei::.:r to 5 n-:1~t:~rs. !r: one erntJo::.~in-:ent1 H11~ pro::.:essinq un!t i ·l O n-:ay use i:vvo po!ynon-::::1!~; such i~S 

!en an•:: rtgrit roa•:: po!ynon-1ia!:s to construct Hie in:tia! vt:!:ic!t3 p,jtt1. The proce~.-sing unii ·1·10 rn,3y c,j:cu!Rtt3 the geonv::tric ff:idpoint 

bet\r\u::en ihe tv·lo polynorn!t~!s1 ;jnc! lf HH3r:3 is an off:set onset tH~cn point lnc!ud:3(! in tt1e resu:tlng v,::nlc!e pc:ih by a pre~)ei1:l(tT~:n•::cJ 

Dffsei (fDr exarnp!1~: sn-:.;~ri: lane off~;ei:), ( Zero offset n-:::1y ::.:on1~~;po:K~ io i:u~venn;~ in t:11~ n-:!ll(He of the !Hr:E:) Tt11~ (~ir1~c.Uon Df H1::.: 

off:set n1:3y be pe(~x:ndicu!ar to t:1•:: :section t}•::tv\H3en any tvvo point~ .. in HH3 v•:::1!G!e paih. !n anoiher en:bodiff:ent, t:1•:: pnJct::ss:ng 

ur::t ·1·10 n:c:y us,:l a po!ynon1l;j: ar:lj tn,:: t3stln:c:i•::cl !an,:: \rVl(:!H1 to onset eacn point of th:3 \leh:ch3 pt~tn tJ:r :1,;~!f of ihe e~;il;T1ate~) :ane 

\~.ridH: plus a pr;::d;::tern-:tned offs;::t (for ~::x~u-:·:p!t\ sn1:3:·! :~H1E± offst~t} . 

[!11 SO] 

in step S"?2, the r.Hoc.essmq un:t ·1·10 n~c:y up(:!ate th:3 \/eh:d:3 patn constructelj in step S"lO. 

Tt11~ p:~oce:;s::·:f~ unit ·1 i G n~::1y us,~ a tliqt::~:~ reso!ui:iDr: to :,~con~;iruci: ihe vehi::.:!e paUl cor:struci::.:cj in step 570 ~:o H1::lt H::~ cHsi:ance 

d~. be!\•Ve~::n t\•vo points repr~::~ient!n~1 a s;::t of point~; of Ult~ vehlc!e paih l~; ~:nia!!~:::· than H:~:: di~:!i~nCE± (H descr!t)tX] :3t:ove. For 

ex,3tnp!e, Hie d!stance di~. n-1ay f:3:: \!Vit:1in the range of O:~ n-1t:iers to 0.3 n·H3ter~.-. The processinfJ unit ·~ ·10 rnay u:se a p,3:"abo!ic 

:;phn1:' i~!~f)nthn-: t•) r::.:•~onsifu::..t U11:' v::.:nic!::.: ~.1aitl, v.;r:i::..t1 n~::iy ;~·:'n•:'raie a cunH.!:::Hiv1:' (~:~;v~nc::.: v::.:•~ic:: -=3 con•:'spon•·jir:q 10 ihe total 

!en9!h of U1e VE±t1te::e paih (:e. t:asec: on a ~;ei: of polnis rt~pi'f:SE±ni:::·:L~ H1t~ vt~t:ic!E± pa!!:). 

[01il1] 

!n ~:t:~p ~374: the proc::.:~;:;hif~ un:i: ·1 i O n~::1y c!ei:ennine H !ook•-ahe.;~cj point (:~xpre:;selj m ::.:oordirH~tes (x!, z!)) t>Bsed on H:e up::.~i~tec! 

VE±t1ic!E± path const:-:,:ct~::d in ~:!t~p 5 72. 

T!·1e processinfj unit ·1 ·i D rnay exiract ,j !oo~(-ariead point t"ron1 HH3 accurnu!at•::d dist:3nce vecio( ~\ ,jnt:! the !ook-,,3!·1ea(j po:nt niay 

t>G assoG!t~t:3(:! \rvlH~ HH3 :ook-an,::ac! ~)istanct3 ancJ t:11:l !oo~-:--c:head th:·1t3. rn,:: !ov·ltH' Hn:it rc:r1g:3 car: ~Je f(orn ·l D n~ei1:l(:S to 20 n:ei•:'::'":S,. 

ihe fot\li.•ard distance e:an t)E± Ci~!c:,d;:tt;::d ;:t~: i::'H:: proc:uct of the sp~::ed ofHH± VE±tlic:e 20G and H1t~ for\•V;:u-d Hn1~:: For ~::x~u-:·:p!t\ i~~: HH:: 

speed of t:1•:: • . ...-e:1ic!e 200 c!ecrt:,j~.-es, HH3 !ook-ahea•:: •J:~.-t,jnce n·1ay ,3!so ch3cJea:se (t:.g .. unt!! t:1•:: !oo~(-•arie,3d dist:3nce rt::3cries a 
!ov~rt3r nn-1ii). The !ook--a:~Galj tin:e, vvhic:1 n1;jy ranf~':l fTo;T1 0.5 s,:lconcl:s io ·~ .. S seconds, n~ay tH3 lnverse!y· proport:ona! to H1e ga!n 

of on;:: or n:ore control !oop~: ;:t~;sociatec: \•Viih qeneraUnf) a nav:fjatlon re~;pon~ie ln HH:: -..6::t:ic!t~ 200 (such :3~; irae:kinq ihe tH::ad:nL~ 

t:ffo:- of HH3 contro! loop). F:o:-ex,3n1p:e. H1e gain of tt1e hea•::mq erro( of t:1•:: trackinfJ contro! loop rnay •Jt:pt:nd on tt1•:: ban•::vvitjt:1 of 
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CN 106030609 A 1/31n: 

1. -;f~ J=l:ff-1:$ffil¥1 ~!;l!tffHm AA~ J~JL*tJE, rJTi£*tJH~1ti5: 
~&-TOO•M~*m,Mi£~&-TOO•M~*••~m~~~Mi£-1:~ffil¥Jffllli 

1Xhx8j %T0011: 
JjJJfiHiD;Ll,& 
~&-T&'.tf_lll_*m, rfeill~&-T&'.tf_lll_*m lgz~m~: 
~~Mi£~ffl~D~~mi£$~~-: 
•mmi£%TOO.q:il¥J~&-~oo•*m5Eami£-1:~ffil¥1ffi-OOl¥1ffi-~m~*; 
•mmi£~Too•~l¥1~&-®oo•*m~~~Mi£~$ffil¥1Mi£ffl-OOffl&l¥1M 

i£~$ffi~ffi=OO~ffi=$ili~*',;~ffii£ffi-$ili~*~ffi=$ili~*~~ffii£~$ 
$pijfffilITT $m: 

ft~MIB-1:$WJamIBffi-$m~*~ffi=$m~*~ffnr; 
1f:pfri£$ ~~ fiIUP 5E {fz:frr $: 
~rMi£$T00.*m5Emi£~~*~ITT~Y-T~*;Ll,& 
ft~ffii£~$ffifflmffii£frr$l¥Jffii£~&-T~~. 
2 . ,ltH!rH:VtU ~ :sjO p)Ti£ITT ]UJE , ,; q:t , p)Tj£ffi - $m t"J * 7]'0 ffi =$ m t"J * q:t ITT ~&-ir 

§;J=EtiieiftlEi 00 LITT~. 
~1. ttH@txlUJf*1 rfei£1¥J *tJE, ,;q:i ,rfei£i#;-$mt"J**oi#;=-+m~"J*q:i l¥J ~&-ir 

§ tE &i 00 ITT£% :in . 
4. tlt:tlr5tZ%U~*lfifri£ITT *tn, ,;~ ,fifrj£ffi-$m~"J*loffi=$m~"J*~ ITT ~&-ir 

§1Elf% oomJl'.ITT~5EITT q:i ,9,. 

5. tlt:tlr5tY.%Ll~*lP1Ti£8':J *;JE,,; q:i, rfei£Bu **~El':i rJri£~&-Tihft§fEff~, # 
~mi£~&-T*~*~ft~mi£-1:$m~1rami£frr$~~,;~~ITT~~*TT~ITT~ 
{!V,ff~ 0 

6 . tlt:tlrHx lU Jf * lpfei£ IE Ji. Mt, Jt q:i , rfei£ M ¼ * llll IE rfei£ ¥ &- ~i}J ft1:1J§JJoit. 
7. tlt:tlr5tY.lUJf *lpJTJ£ITT *tJE,,; q:i, rfrJ£frr$*~ITT pJT J£~&-'4"iJJ1t§;J=§$UiJJ. 
8 . tlt:tlr5 tY.lLl ~ * 1 Jifri£8':1 * ;JE , ,; q:i , Jifri£ fir$ *lfX 13':i Jifri£~ &-T ~ 1t §Ji frJifri£ fir 

$ITT®ilimi£ffi-$m~*ITTw-oommffi-ffi#~~.mi£ffi-ffi#~~+~+ami£ 
M$ITT®ilimi£ffi=$m~*ITTffl-OOITTffi=~#~~" 

9. tlt1ffifN%UJf*lJiJTi£1E}j~;JE ,,;q:i, rfei£¥&-~*:f!.~m1Ez:i!t-W~m~: 
~rMi£%TOO•~~~r~OO~ffl~tt•ffl~*m5EMi£fir$~~fr- □ )l'.tff~; 

Llht 
~*m~Mi£fir$~ft~D&'.tff~,~ffiffimWMi£fir$~Mi£ff~. 
10. tlHJir:tY.%U~*1JiJri£sj *tJE, ,;q:i ,JiJri£~&-T*ll!!.*~*Ez:nr-Wti:Jm!J½: 
~rMi£$T00-~ir~r~OO~ffl~tt•ffl~*~5Emi£M$~~fr-□ )l'.tff~; 
~JEMi£M$~~frmi£~D~~m: 
~*m5EMi£fir$~ft- □ *ff~#HfrAAi£•□ ~~*~·~•mmi£frr$ITTAAi£ 

$&~; ~j,& 

~*m5Emi£fir$~a• □*~~@ami£•□ ~*m.~mffimmmi£frr$ITTmi£ 
-f;±c,J'c: 
-t'.:t ~ 0 
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CN 106030609 A 

11. ;{{UAHXlLl~*lJiJritl'r':J ]Un, ,;cp ,JilTIB~ d>-,}~:fl*lt f&:Jt!:-;!_17,J;i:J@b½: 
~fJifrJ£$,}00fi*~~ffi-mJ-$; 

2/31n: 

~rJifrJ£$,}00fi*~t[Xffi=rnI-$; l2J,2z 

~*4rMIB~~oo•~~MIBffi-M-$~~fifil~~*~tt'~~*~rMitffi= 
mT-$ mui En £4Hi: , IJ!U ¥x ft Jifl IB-1:-$ $jJ,ljtJt 1i Jifl IBffi-ru-$ 0 

12 . t[Ufiif txtHf * 1 p}Tj;t ITT ]Un , ,; cp , JilTIB~ y-,} ~:fl1'!i_'~1-*i}Ot!:-;lv ~J@6½ : 

m~MitmT-$En~Wffi~~~~MIB~Wffi~~fflJE~OO~ffl~~: 
~ttm~MitmJ-$fflMrMIBffl~~OO~fflEn3~~MitmJ-$~~~Mffi~;l2J,]z 
~rMIBrnI-$EnMIB~Mffi~*~~~~ft~MIB-1:-$ffimWMIBdu-$EnMIB~Y 

-~i}J{t 0 

13. tlUJiiftXlLlJ!*12JiflIBEn ~tJE,,;cp ,Jiflit~d>-,}~:fl*lt*llzti:J@nx: 
3Jifrit~MBJ ~f~jf-JifritBu·-$ BnxJ}J~~Jl T ~ y-,}1c Bu·~~S1, ~~fr~T JiJrit$ 

~~-~~W~tt'~Enffi~~.ft~MIB-1:-$ffifflWMIBmT-$Entt'~ 0 

14. -:r~-1:-$$j),lj, Jiftill-1:-$$p,lj§t15: 
_±ft; 

~d>-,}OO~M~*lt,MIB~d>-,}OO~M~*lt•ti:J@nx~t[XMIB-1:~ffiEnffllli 
[Xfu]8j $,}00{1: 

lX tfiHi D : l2J, R 
~&-,}~:f_[[*JI, JiftIB~&-,}~:f_[[*JI i11zt1:J@nx = 

~~MIB~ffl•□ -~MJ£$,}00~; 

•mMIB$,}OO•crEn~&-~oo•*~JEttMIB-1:-$~En%-OOEn%--$m~*; 
•mMJ£$,}00.crEn~&-~OO~*m~~~MIB*-$~EnMIBffi-OOffl&EnM 

IB-1:-$ffiEnffi=OOEnffi=-$m~*·,;cpMJ£ffi--$m~*~ffi=-$m~*~~MIB-1:-$ 
$p,lj fi * En -$ m : 

~~MIB-1:$~tEMIBffi-$m~*~ffi=$m~*~~Jtt; 
tEFfrJ£$,}00 ft er JE {iz:frT-$: 
~rMJ£$,}OO~*m~MitmJ**~En~Y-,}~*;l2J,]z 
ft~M~-1:-$ffifflWM~mT-$EnM~~y-,}~*o 
15. ;{{Ufiif tXlLl~*l 4Ji)Titl'r':J _i:-$$p,lj, ,;cp, p)Tj;tffi--$mt"J*lPffi~-$mt"J* cp l'r':J ~y 

-~§trStr,idtH4HmJ::-.Sj~ o 
16 . t[Ufiif tX;fLl J! * 1 4 FJTIB ITT± $$VB , ;It cp , FJTIB%--$m t"J * ;f P % = -$m t"J * cp 1¥J ~ Y 

-~§ f!S £% ffif En£% ;in 0 

17 .t~ffltxtuJ!*14JifrIBEn **$m, Jtcr ,JifrIBffi-*mt"J:!Rlwffi=*mt"J:!R er En ~ 1J> 
- ~ § trS £% ffif ~ !l'. En m JE En er ,~ o 

18 .tR:rhst2lLlJ!>R14JiJTIBEn -=1::-$$p,!J,,; 4-1, JilTIBBu -$*t[XEn J1JTJ£~y-,}i}J{1c§t15tt' 
~.~~MJ£~y-,}~W*lt~~MIB-1:$~~~tEMitfrT$m~,;tt:~En~~~*~ 
Sj~{i;J,$&~ o 

19. t~fflt.xlLl J!*l 4JifrIBEn **$v!3, Jt er, Jifrit BU **!{)(En Jifrit~!J>-,}i}J{t1eLtr51JQ 
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CN 106030609 A 3/3 m 

20 .tlztfrift~lLl~*14JiJritl'r''1 -1:$$jl,IJ, Jt er, JiJrit~u $*lfXEr'1 Jifeit_¥ d>-,}iJJ{"F'EltEtLl 
i}J O 

21 . tlztfrif t{lLl Jf * 14JifiitITT-1: $$jl,IJ, Jt er , Jifiitmr $ *t[XITT Jifiit_¥d>-,'}l9J ft ~t15tEJifi 
~M$~®iliM~ffi-$m~*~ro-oom~ffi-~~~~,M~ffi-M~~-~~Tft 
MitrLI$ITT®lliMitffi=$m~*ITTffl-OOITTffi=ffi~~~0 

22. tlztmtilu-~*14JiJritlfl J::$$jl,IJ, Jt cp, ~1]Ji)rit_¥ y-,}~fl~l'iJtt:-WtiJmJJx,: 
¥+Mit$,}00•~~¥+~00~ffl~~~ffi~*m~MitrLI$~~tEffl□~~~: 

~R 
~*~~MitrnI$~tEffl □ ~~~,~ffiffifflWMitrnI$ITTMit~~ 0 

2 3 . tlz tffif tY. lLl Jf * 14JiJr~ ~ -1: $ffi , Jt er , )lit Jifi~ ¥. d>--4' ~:fl~ .i'_i!t-W ttl:ii5:PX : 
~rMlt$,}OO•~~~r~OO~ffl~~-ffi~*m~MitrLI$~~tEffl□~~~; 

m~JiJr1t~U$1i::~tEJiJr1tJEt □ r:191em:: 
~*m~M1trLI$~tEffl □ ~~~~~tEM1tffl□ r:19~~m,~mwm1tru$ITTM1t 

~~;~ht 
~*~~MitrLI$~~~o~~~@~Mit~Dr:19~m,~ffiffi~WM~rLI$ITTM~ 

f;±.,i'c: 
-t'.:t E'j 0 

24. tlztfriftllLl~*l 4JiJritlfl J::$$jl,IJ, Jt er, ~tJiJrlt_¥y-,}~:El~ ?rJtt:--zvtiJmPX: 
¥rJiJrit$t~fl*$tt[Xffi rLI-$: 
¥rJiJr;l£$,}OO{l*$tt[;C~=ru$: ~R 
~*¥rMit$,}OO•m~Mitffi-rLI$~~~Jtt~~G~~~~G~rMitffi= 

rLI$1i!~MI ITT JEtt£ 'IJ!Llix{9:'.Ffiit-1:$$jl,lj;f;J1n Ffilt%-ru $ 0 
25. tlzffltilLlJ!*l 4JilTitITT t:$$jl,IJ, Jt er, ~~JiJrit_¥1J>-,}~:E,~.i'_Jtt:-Wttlm:PX: 
~~MitrLI$ITT~Iffi~~~ffiMit~.i'_ffi~~ffi~~OO~ffl~~: 
~um~MitrLI$ffi~rMitm~~oo~~ITT3l91~MitrLI$M~~AAffi~:~R 
¥rMitrLI$~Mit~AAffi~*m~~~~~Mit-1:$~fflWMit~u$~Mit_¥d> 

-,}l9){f o 

26. tlzffltilLlJ!*25JilTitITT t:¼$jl,IJ, Jt er, ~~JiJrit_¥1J>-,}~:E,~.i'_ttlm:nx: 
~M~~~ffi~ffi~M~rLI$BJJx,~~~7~d>-,}~rLI~~~,~~tE¥rM~$ 

,}OO~*~ffl~~~~MN~,~~Mit-1:$ffimWMitrLI$~~~0 
27. -;f~ fflr~~J[-1:$$f!i38"17:fft:, Jifiit1fltd~H15: 
~ffi_¥d>-,}OO.M$t~.i'_*$t~Mit-1:$~~~ili~~~$,}00•: 
•mMlt$,}OO.cpITT_¥&-~oo•*~~tEMit-1:$~ITT%-00ITT%-$~~*; 
•mM1t$,}OO.cpITT_¥&-~OO-*m~tE~Mitt:¼ffiITTMitffi-OOffi&ITTM 

~-1:$ffiITTffi=OOITTffi=$m~*,JtcrM~ffi-$m~*~ffi=$m~*~~M~-1:$ 
$jl,IJ ff Jtt: ITT $ m : 

~~Mit-1:$~tEMitffi-$m~*~ffi~$m~*r:19~Jtt:: 
tEFJrlt$,'}00 ft er~ fiz:rLI $: 
¥rMit$,}00.*m~MitrLI¼*~ITT_¥d>-,}l9J*:~R 
~~M~-1:$ffifflWM~rLI$ITTM~~d>-,}l9J*o 
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CN 106030609 A 1/621n: 

[0001J t~~$ml¥15cx.5lffl 
cooo2J * $ m =~t1t bU, r 1¥11Jt%ifX = 2013:tt= 12 ,fj 4 a t£5c1¥J ~ ffil lf{iist~tu $ m~61/911, 
490; 2014:tt=s fJ 14 a tR:5cl'fJ ~oo 1f{rjst~tu $ m~6 ll993, os4; 2014:tt=s fJ 14 a tR:3C:8j ~ oo 1f{rj 
ot~;fu $ m ~ 61;993, 111; 2014:tt=6 Jj23 □ :tt5c1¥J~oo illii □t~;fu $ m62101s, s24: 2014:tt=7 
Jj9 a :tt5cin~oo 1f{iis~·~tu $ m621022, 221: 20141:fs Jj21 a :tt5c1¥J~oo lf{iisJ~tu $ m~ 
62/040, 224; bU,,&2014if8 Jj21 E3 :t£5cin~OO l[{iiSJ~tU $m62/040, 269o?!r1ffrr;l£$ min~ 

ftpg ~t~imM 51 fflJFA*X o 

fi*~:OO!§i 
cooo3J fifrJZE*07f ,~, 1tit/7 Ez g -1:$$]J)g~Jm, £~1ttih, ~ Ez11 J=IH§tJU£1j¾ g -1:$$]J)g~flJt 
!r,t fiE gj * ;JE 5f P 7:f i! o 

.=11:'..Jaa-l:±-,l,i 
F3~1X"I' 

[0004] ~~tt*in ::f ®r:itttl5-' Fft1rJ%,(±iltliKt-1 -@Min 7ii½ § _1.:$$]J)gsj § ti-~ ep ~~~.¥U O § 

%,g_i:$ffi~~m~~~mJFlia~~~A~~Alflffi~r-@Mog-1:$ffi~m~~~ 
f~ ~~*_fl~ T i3: ® ~ ~ 1~>l t±:1 ~ =i In {fi; IE ' bU, iz½ mHi P}B J:ih .¥U ~ tw Jt~ § gj J:ih O 'fJLl im ' =i $ $]J)g 
ffl~~amffl~fi:it!:st~~~~~~B$ffi~fiAl¥1~#~* 0§±~~*mma$ffi~ 
mq:i t!H9.i3: ® x>t*, 3f li*JtZ~3iflTTiJ 1zst1¥J~fi=:*JJl!%E1ltlio 513'r, § ±~~*tJEm i9.JJiJ 
Jl: B m~ ~, mizP3C:im l§ ~, 3( imti-~ lW /4::iltti-ic, ?fr~ Jl: B tl't ~ ~ml 111 /4::$Wj ;fj i}J ( ,W1Jizp , ~ 
$$Wj&,@H~ Jt bU,,& mfi!J1St '$ffi::f~~,Wtti¥J:®:&' $$r,§&,@U~1:v:ailtN% _L 'cy,cy,) 0 § ±~13: 
i}J*t1Eml'it~~pJflJE$$rJ;J1nJSt @i~~J1:LNt D tt'~ ,i:'~~m:Nt, ~~otlH!is~ ®~'fJLlR rm~ 
JL!i sj ~, it$ 1zsJ ~ m~~fffl ~ t~*, bU, 1.,::t11j¾~~1rJi '.tZ½ rm{t pJfl~ -@Maj§ -1:$$]J)g 0 

£a~ JAJ~ 
cooosJ !5*07f tg-JJl:1¥1~JM:1fAt~~ fflr § -1:$$r,§-@BJti¥1*t1E5fP:1fi!007f 1¥1 ~JM:1f 
Am ft ffl t§ trL* t~1j¾ § ~ $$r,§ ~ Bn: !r,tfiE o ,wu :tzw , -½ 0 7f s1:1 ~ ~ 1J At§ - ii , 0 7f s1:1 * tn m 'r1 
M-~,~~~~$~fflm,ffl+~~$ffi~mJF~¥+~EEMJZEfflmq=ii¥J-~~$~M 
~ sj 00 ft in n'-tfr *r 1: -@BJt o(oJ@ o 
cooo6J '=507f 1¥J ~JJffi7fAt§-i.'x:, :t£1j¾ 7 -;f~ fflr $$r,§1¥J ~~~trTI IlJJ-@M*iJE o?!rJZE* 
Mm~M:¥&-~oo•Mn*•,m~¥&-~oo•Mn*•~~ffi~n~4:mmm~ 
~sj$~00fi ;J3!Jlist1D: bU,,&~y-~~:El*.o?frJ£~&-~~:El*•m~m:~:t:£EE 
MJZE~W~D~~MJZE$~00&;~WMJZE$~00&®7EaMJZE$ffi~ffi-OO~~ffi-$ 
m~*;~fflMJZE$~00~®JE~aMJZE$ffii¥JMJZEffi-OOffl&i¥JMJZE$ffii¥Jffi~OO~lfl 
ffi=$i!:t~*'~q:iMj£ffi-$ilt~*~ffi=$i!:t~*~JEMJZE$ffifi:it!:1¥1$ilt,JFli~ 
q=iffi-~-~~rM~$ffi~M~ffi-00--'=5M~ffi-$ilt~~~~~~-,JFliffi=~• 
~@rMJZE$ffii¥JMJZEffi=00--'=5MJZEffi=$m~*~~lfl~~;~TMJZE$~00~*®JE 
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CN 106030609 A 2/621n: 

$mffl~~#~~ffafM~$ffi~M~ffi-OOk:~*$mffi~~#ffafM~$ffi~ 
M~ffi-OOk,~ft~M~$ffiaM~ffi-$m~*~ffi~$m~*~fi:lt!:,~~M~ffi 
-ffi~AfM~ffi=ffi~:~fM~$~00•*~~$m:m3~#~~~afM~$ffiITT 
Jifr~ffi= f1J11J r.: * H~□*$m:f!ililf~:9kftf:#af JiJr~$ffio{J Jifr~ffi= f1J11J r., ,011J¥1ft JiJr~$ffi 
am~M-$*~*~ffi=$*~*~~:lt!:,~fflM~ffi-ffi~~fM~ffi=ffi~-
[0007] 1=503f 81.J~Mfiht(:;t§-¥'.)(, Jifr~_¥ &-~)(tfl~l'i PT Jt!:--ti5-~Jm:,ox,~□*~f Jifr~ 
$~00-~~$m:ffi3:9k#~a+M~$ffiITTM~ffi ·OO~ffi=OO~~k.~ft~M~ffi 
-ffi~1=5M~ffi=ffi~A~ffl~-M~_¥&-~)(t~~-m~ffi,ox,~fM~$~00•*~ 
~$m:m3~#~~~*k~~a,JFH~*M~$m:m3~#~*k~~a.~~~M 
~$ffiaM~ffi-$m:~*ffiffi=$m:~*~fiill,~fflM~ffi-~W4*~~fM~ffi 
=ffi~-~*m~~~~~M~M~m~~**ffi3:9k#~a.~m~_¥&-~)(t~~• 
PT~Jm:6½¥'.)(ftNr~ffi-li1e1'i!i r~Jifr~ffi=li1e1'i!i ::k_¥& 1. 2sfi. ~f~rm ,Jifr~_¥&-~)(tfl~ 
WPT:lt!: ·W~ffi,ox,ft~M~ffi ·ffi~~M~ffi=ffi~::k_¥&2ffi.~*M~~~~~M~ 
M~m~~MIB$m:ffi3~#Effi~ffl,~MIB_¥&-~)(t~~-PT~ffi,ox,~~MIB$ffi 
ffM~ffi-$m:~*ffiffi=$m:~*~fi:lt!:,~~M~ffi-ffiW~~~m:ITTffi~fM~$ 
ffiITT*OO,JFHM~ffi=ffi~~~m~~mITTffi~fM~~ffiITT~OO-~*M~~~~~ 
M~M~m~~M~$iliffi3~#~maM~$ili81.J-OOk~a-~~$~~~.~M~ 
_¥& ·~)(tW~WPT~ffi,ox,ft~M~$ffiaM~ffi ·$m:~*~ffi=$m:~*~fi:lt!:,~ 
ffl~~MIB-~~$~~•mm::kfMIBffi=ffi~ITTMIBffi-ffi~0 MIB-~~$~~­
pJ Et~ fJti!l.1¥1 $'ti l□/~h A'* H PJ A~ li1elt% TIIT Af 1 Ocmi¥1 ~ & 0 Jifr~ffi-$m: ~f.J *l□ 

m=$m~*~ITT_¥&-~PTEffi~IBafflffikITT~,ffiffiITTffiili~~-oom~ITT~~ITT 
~~-~~$m:ffi3~#£~~~fM~$mITTM~ffi-OOPT~f§~~~~M~$mITT 
M~ffi-OOkITT~-*~fi-~~M~$ffiaM~ffi-$m~*~ffi=$m:~*~fi:lt!:~ 
fflM~ffi-ffi~::kfM~ffi=ffi~m£fM~$ffiITT~~~ITT~Affi~ffl. 
[0008] 1=5 }h-i~ff 1¥J~Mfi:1f t(:;t§-jij_, -;f~$$[#J PJ Et~: ffi- $$r#J{M~; 1=5 Jifr~ffi-$$r#J{M~ 
ffl&ITTm=$mOO:_¥&-~oo•M~~m,m~_¥&-~oo•M~~m~~ffi,ox,~~* 
$pij [)f1 ili: r>Z b.lx ITT $ ~ 00 ft Jttr/i5:tl u : l:l, El_¥ 1J>-~ )(t:fEJ! ~- . Jifr~_¥ 1J>-~ )(t :EEJ!.~m PT~ m: 
PX,:~~M~~fflgng~M~$~00-:*fflM~$~OO-m~aM~ffi-$ffi00kITT 
ffi-$m~*:*fflM~$~00~~~aM~ffi~$ffi00k~ffi~$m~*'~~M~ffi 
-$m~*ffiffi~$m~*~~M~$~h:lt!:ITT$m,JFH~~ffi-ffi~~@fM~ffi­
$m001=5m~m-$m~*~~i¥J~~,JFHm=~~~@fm~m=$m001=5m~m= 
*m~*~~ITT~~:~fm~$~oo•*~~*mffi3~#£~~afm~m-$mOO 
k:~*¼m:ffi3~#~afM~ffi-¼ffi00k,~~~M~¼maM~ffi-¼m:~*~ 
ffi=$m~*~fi*,~fflM~ffi-ffi~AfM~ffi=ffi~:¥fM~$~OO-*m~$ 
mM3~#£~ffafM~ffi=$ffi00k:*H~**mffi3~#ffafM~ffi=$ffiOO 
k.~~~M~$~aM~ffi-$m:~*~ffi~$m:~*~h:lt!:,~fflM~ffi-ffi~~f 
Pfr~m=li18:~. 
[0009] 1=5 03f ITT~JJtli:1ft(:;t§-Jt, Jifr~_¥1J>-~~fEJ!.~m PT Jt!:--ti;;~m:,ox,~D*~f Jifr~ 
$~oo•m~$m:ffi3:9k#~afM~ffi-$ffiOO~ffi=$ffiOO~~k.~~~M~ffi-
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~~~M~ffi~~~*~ffl~.m~~&-~~~*•m~ffi~¥rM~$~OO&*~~ 
$mM~~#£~¥*k~~a,#~~*M~$mM~~#¥*k~~a.~ft~M~ 
$ffiaM~M-$m~W~ffi=$m~W~fi*,~fflM~ffi-ffi~¥*k~rM~ffi= 
~--M~$mffi~~#m§M~~,#~M~~&-~~~~-m~ffi~~~M~$ffi 
am~ffi-**~*~ffi=**~*~IT*.~~M~ffi-ffi~ffi~~mITTffi~rm~* 
$j!,ljin 5'r1m~, * ~Jifr~ffi=Ji!e 1~ lllJJ 1bJ JiJr~~min t§x1r JiJr~$$jJ,ljin ~ 1m~ .JiJr~$ili1ffiott~1Htf: 
mgmam~$mITT OOk~a ~~$~~-.#~M~~& -~~~*wm~ffi~ft 
~M~$ffiaM~ffi-$m~W~ffi=$m~W~fi*.~ffl~~M~-~~$~M•m 
mArM~ffi=ffi~ITTM~ffi-ffi~-M~ffi-$m~W~ffi=$m~W$ITT~&-~m 
gm~oo~~~~;~~oo~~~~~~$~.~J£$mffi~~#£~#arM~$ffi~ 
ffi-oom~r§~~•am~$ffiITTffi-OOkITT~•*~IT-~~m~*mam~ffi-$ 
ili~*~M=$ili~*~fi*~~M~ffi-ffi~*™~ffi=ffi~m¥rM~$ffilfl~ 
~ M ss fftr A mH!H~ . 
[001 OJ 1§ !H-0:ff ITT '.:tlmI7f Af§-jj(' :t}HA T-;f~ fflr-@fflfi:$$jJ,ljSS7friLJifiIB:1fr!m § 
M:~ffl~&-~~-M~~-*~~$ffiffifil~~ITT~~~~:mMM~~~~-~J£ 
m~~ffiITTffi-OOkITTffi-~m~*:@fflM~$~00-~~l§M~~ffiITTM~ffi-OOffi 
&inM~$ffiinffi=OOkinffi=$ili~*•~$M~ffi-$ili~*~M=$ili~*~~M 
~$ffifi*ITT$m,#~~$ffi -ffi~~mrM~$ffiITTM~ffi -OOl§M~ffi **~* 
~~ITTffi~.#~ffi=ffi~~mrMIB$ffiITTMIBffi=00l§Mifffi=$m~*~~ITTffi 
~:¥rM~$~00~*~J£$mffi~~#£~~arM~$~f¥JM~ffi-OOk:~*$ 
mffi3~#~arM~$~ITTM~~-ook.~~~M~$~am~~-*™~*~~= 
**~*~fi*,~fflM~ffi-~~*™~ffi=~~:¥rM~$~oo•*~~**M 
~~#£~~aTM~$ffiITTM~ffi=OOk:~R~*$mffl~~#~aTM~$ffiITTM 
~ffi=OOk,~~~M~$ffiaM~ffi-$m~*~ffi=$m~*~fi*,~WM~ffi­
Ji!e~1J\rJifr~ffi=Ji!e~. 
[0011] 1§0:ff ITT ~lmI7fAt§-jj(, fftij¾ T-f~ mr $$jl,ljlfl ~~_!nm WJ-@M*fJE .Ffi~* 
~m~M:~&-~oo•M~*.i'.,M~~&-~oo•M~*•~~m~~~¼ffiffifil~ 
~BS$~00fi :JxtJtttn: ~R~&-~~:fl*.i'.-Jifr:i£~&-~~:fl*.i'.m~m:~:ffi:E±3 
M~~ffl~D~~M~$~00&:mMM~$~00&~~$~mfflfiill$m~$~§~fi 
**m:~R~*M~§~h*$m~~JEITT~~h*$m~ffl~~~~M~$~*m· 
coo12J l§i~:ff f¥1~JmI1fAt§-¥x, Ffi~~J£f¥11Jc~ fr**™m~£Ffi~$~ m m1r** 
m~$ITT-~$m.M~~&-~~~*ffm~ffi~a~~M~*~*™~~•m~~ffl 
~-M~~&-~~~*•m~m~a~ttM~¼m~m~~~4m~w~.m~~&­
~~~*•m~m:~aft~M:i£$ffi**~~~~~~m~.m~rM:i£$ffiffifil~~ITT 
M~$~00•,~TM½~k&*~~~ITT~~~/~~rMffl~~~ITT~A*~~M~ 
~J£ss1J~h*$m. 
coo13J 1§ !H-0:ff ITT~lmI7fAt§-¥Y:, -f~$$jl,ljm §115: -1:1*: ~&-~OO{ltrfl$t*ff, 
M~~&-~oo•M~*-~~m~~~¼ffiffifil~~ITT$~00·:~ffl~U:~R~& 
-~~ll*.i'. .JiJr:i£~&-~~ll*.i'.mit1m:~ = fff rnJiJT:i£Jxffl:tt n :tt~tJiJT :i£$~001t: t~ 
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fflMJ!$~00~~JE$~pJfflfill$mz$~~Mfill$m:Ll&~*MJ!~Mfill$m 
~fflJEITT~~fi**m+ffl~~~~MJ!*~*m· 
coo14J '703f ITT~JMI1f:r:tt§-JJl:, JiJTJ!fflJEITT ~~ fr*$i!twJl::J,teJiJTJ£$~ DJ fflfr** 
mz$~~~$m.MJ£¥&-~*~*•m~m~a~~M~$m~mzM•m~~ffi 
%.MJ£¥&-~*~*•m~m~a~~MJ£$ffi*mzM~~m~w~.mJ£¥&­
~*~~~m~m~a~~MJ£$ffi~iliz~~~m~m~.m¥rMJ£$ffifflili~~~ 
MJ!$~00.,¥+M~~JE~*~ffi~ITT~ffl~/AA¥+Mffl~ffi~ITT~A*~JEMJ! 
fflJE s~ rt~ 1rJtt$i!L 
[0015] '=j !H-03f ITT~JMI1fi(;t§-Jjl:' :t}Hj¾ 7 -;f~ fflr-@fflfi:$$jffjS~7JY!.JiJTJ!1fr!DJ § 
M:~ffl¥&-~oo•M~*•*~~$ffifflili~~~~~oo•:mfflM~~~oo•~/E 
$~PTfflITJtt$mz$ITT~MIT*$*;l::J,&~*MJ!~MIT*$*--'=5fflJEITT~~ITJtt$ 
ili::ft§~ ITIUJ)({tJiJTJ!$$jffj~ili. 
coo16J --'=503f ITT~JMI::tr:r:tt§ ·¥Jl:, JiJTJ!tJnJEITT~~ ff**mm L2t~JiJTJ£$t m J=IHr** 
mz$ITT~~$m.ma~~MIB*m*mzM•m~~ffi%.m¥rMIB$ffifflili~~ 
ITTM~¥~~-*~JEM~fflJEITT~~ff*$m. 
[ o o 1 1 J --'=5 0 3f ITT ~ JMI 1f :r:t t9 - iJl: , :t~ 1j¾ 7 - 1~ ffl r ~-$jffj ITT ~ ~ in m WJ-@ R1L~ iJE . JiJT J! * 
~m~M:¥&-~oo•M~~~,MJ£¥&-~oo•M~~~~~m~~~$ffifflili~ 
~ITT$·t~ftJt!J:tfiHiD: ~&¥& ··t*rl*R•?HJZE¥d> ··t*rI*E'.PT11:Jm~d':£E8 
MIB~fflffi □ ffi~MIB$~oo•:¥r~OO~ffl~*m~mmg*mm~-@~ITT~m:¥ 

r&~aMJ£~00~ffl$~~m~¥&-~ffitt*~JEMJ!$~~w~~~WN:fflMJ! 
$~ITT~&~~¥MJ!W~§~~&:¥rMJ!$~00•*~/E~mITT~-~ITT-~AA$ 
~ffitt:¥rMJ£~mITT~•~ITT-~~$~ffitt*~~~ffiITT§~~m:l::J,&fflMJ£$ 
ffiITT~m~~~MJ!~ffiITT§~~m. 
[ 0018] --'=5 0 3f ITT~ JMI 7J :r:~ t§-Jy: ' p}TJZE ~ m ITT .:t: &- ~ffitl: nJ § trS HUE JiJTJ!t-fu 00 9&. 1$ :Pm 

!E~MJ£~m~fflm~$~* 0 MJ!W~~~WNaj¥fMJ£~m~MJ£fflm~$~*~ 
1~~~ 1JP~11t~tBfU}[JJE .PJTJ!1~~~ 1JP~11t~~ PT nrt'bo. 2*1T!b2JU3. O*/T!b2zi'RJ. W1"t.tfil, PJT 
J£1~~~ 1JPi!1lH~ pJ 1)-ft{] 1. 5*/t!b2¥Ll3. O*/l!b2zfs] .]itrJ!f~Ll~ 1JPi!1&~~ PT¥r EE Jifrj£$ 

~oo~~JEITTmffimm*~~.M~~mITT~-~ITT-~AA$~ffittPT§M~M*~M~ 
$~OO~~!E~MJ£~m~~~~*~~.MJ£~ffi~§~~mm¥rMJ£~m~MJ£~ 
~~$~*~OO~~~m~*~JE 0 MJ£~mITT~-~ITT-~AA$~ffittaj§mWM~~ 
MJ!$~00-~JE~MJ£~m~~~~*~*~*~*·MJ£~m~~-~~-~AA$~ 
ffittm§mWM*~MJ!$~00-~JEITT--'=5MJ£~m*~ITT~~ffi~&.MJ£~mITT~­
~ITT-~AA$~%ttm~mwtt*~MJ!$~00-~JEITT--'=5EE-~~$~m~~~ffl~ 
ITTM~~mffl*ITTffi~.M~W~§~~m~m~rM~~&-~OO~M~*·ITT~~ffi 
m.MJ!W~§~~m~m~r~JE~~~~~ill~MJ!~mJE&.MJ!W~§~~m~ 
aj¥r~JE~W~~~~rMJ£~mz~ITTfflJE~~~. 
[0019] --'=5 !H-03f ITT ~JMI1fi(;t§-Jjl:' -,f~$$ji,gpJ 'ELtrS: -1:1*; ¥&-~00 fttm~tt!1.' 
MJ£¥&-~oo•m~*•~~~~~~¼ffifflili~~ITT$~00•:~w~u:l::J,&¥& 
-~*r1*m.Jift~~&-~*r1*mm11:Jm~:fff:rnJift~J!J:M:tin:ti~tJift~$~001t:¥ 
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f~OO~Mffi$ffi~mfflg*mmffl9M~~m:¥f&~am~~oo~m$~~m~.¥ 
&-Tffitt*~~M~$ffiITTWM~~Wm:fflM~$ffiITTWN~~~M~WM~~w 
N:¥fM~$TOO•*~k~mITT~-~ITT-T~$T~tt:¥fM~~mITT~-~ITT 
-~~~~ffi~*~~~ffi~§~W~:~H~M~$ffi~W~~~~M~~ffi~§~W 
No 
[0020J 1=503f 81.J':tJJIBh:it;t§-¥'.)(, J1fr~~m81.J .¥ d>-Tffil1:1:PT t!HttlHEJ1fr~ttl?.OO~tJiif,i;m 
~ITTM~~mITTffl~~$~~OM~WM~~WNPT¥+M~~mITTM~ffl~~$~~ffi 
OO~~~film*~~oM~OO~~~filmm¥f~M~$TOO•~~ITTmffi~N*~~o 
M~~mITT~-~ITT-T~$T~ttm§ffi~rl*~M~$TOO·~~ITTM~~mITT-=t 
~~*~*oM~~ffi~§~W~PT4fM~~m~M~':t~~*~*ffiOO~~Wfilm* 
~~ OM~~mITT~-~ITT-T~$T~ttmgm~rl*~M~$TOO•~~ITTM~~m 
81.J':t~~$~~81.J~~$0M~~m81.J~~~81.J-T~~TffittPT~m~rl*~M~~T 
~-~~ITT1=5M~~m*~ITT~~ffiflN°M~~mITT~-~ITT -T~$TffittPT§ffi~ 
rl*~MIB$TOO•~~ITT1=5~-T~$Tmffi~~~~ITTMIB~mffl*ITTfflgOMIBW 
~§~W~ffPT~fM~.¥&-~~-ffi~*IITT~~&~oM~~~§~W~ffPT~f 
~~~~~~~ill~M~~m~~oM~W~§~WN~PT¥f~~~~~~~~fM~ 

~mzffl81.Jfflklfe1'?!; p;j o 
[ o o 21 J 1=5 yj 0 3f ITT 'ct JJIB 1T :it ;t§ -¥Jc , :tt 1~ f ;f~ J=l:fr W: R1i: $ $pij ITT 1T 1! o Pfr ~ 1T rt: PT§ 
ffi:~ffl.¥&-TOO•M~*•*~~$ffimili~~ITT$T00.:¥f~OO~ffi~$ffi~ 
Iffl~*mmffi~M~~m:¥f&~am~~oo~M$~~m~.¥&-Tffitt*~~M 
~$~ITTWM§~W&:fflM~$~ITTW&~~.¥M~WM§~W~:¥fM~$T00• 
*~~~mITT~-~ITT-T~$Tffitt:¥fM~~mITT~-~ITT-T~$Tffitt*~~ 
~ffiITT§~~N:~HfflM~$ffiITT~N~~~M~~ffiITT§~~N° 
coo22J 1=5 03f ITT ~JJIB:1J :r:\ t§-¥3l, tt1~ T -;f~ ffl f -=1::$$pijITT 1q;~ 1nm M~R1i:lU5E o Pfr~ 
~~aj§m:.¥&-TOO•M~*•·M~.¥&-TOO•M~*-~~ffi~~n~$~m 
ili~~B~$T00fl:~tfiifti □ :~R.¥&-T~:fl*l'I.oP!r~.¥&-T~:fl*l'I.PT~ffiJvG: 

~~M~~ffl~U~~M~$T00•:mfflM~$T00.$ITT.¥&-~oo•*~~M~* 
$ffiITTffi-OOkITTffi-$m~*:mfflM~$T00~$ITT~d>-®OO~*m~1=5M~~$ 
ffi~M~ffi-OOffi&~M~~$ffi~ffi~OO~~ffi~$m~*'~$M~ffi-$m~*ffi 
ffi~$m~*~~M~~$~H*ITT$m:rt~M~~$~aM~ffi-$m~*ffiffi~$ 
m~*p;jfi*:aM~$T00·$~~00$:¥fM~$TOO•*~~M~OO$*n~.¥ 
&-T~~:~R~~M~~$~fflWM~OO$ITTM~.¥&-T~~ O 
coo23J 1=5 03f ITT':tir'tli:1J:itt§-Jt, Nr~ffi-¼mt~,mlwffi=¼mt"J,m $ ITT .¥ 1J>-T PT 'EL 
ffi~~affiOOkITT~oM~ffi-$m~*ffiffi=$m~*$ITT~&-TPT§ffiffiOOITTffi 
ilioM~ffi-$m~*~ffi=$m~*~ITT.¥&-TPT§ffi~OO~mITT~~ITT~~oM~ 
00$*nITTM~.¥&-T~*aj§ffi~~.~~M~.¥d>-T~~*Iajrt~M~~$~ 
~fi3fMfM~OO$t~~~~ITT~~~ITT~~~~ OM~OO$*nITTM~.¥&-T~~ 
pJ{il,ffi~~oM~OO¼*~ITTM~.¥&-T~~pJ{il,ffi~~oM~OO¼*~ITTM~.¥&­
T~~pJ§ffiaM~00$ITT®iliM~ffi-$m~*ITTffl-OOWmffi-ffi~~~,M~ffi-
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ffi~~~~~fM~M$~®illM~ffi~$m~*~ffl-ffl~ffi~ffi~~~-M~~&­
~~~~mm*-~~ffi~¥+M~$~00-~~¥+~00~fflffi~mffi~*~kM~ 
M$~~a•□ ~ff~.#H~*~kM~M$~a•□ ~ff~.~ffiffifflWM~M$ITT 

M~ff~.M~¥&-~~~~-m~ffi~4fM~$~00~~~4f~OO~fflffi~Iffi 
~*~~m~M*~~a•□ ~ff~-~kM~M*~~am~ffl□ r:kJ~m.~*~km 
~§U$ii:aii □~~~* HaJiJr~lft □ r:kJ~~m:mutt1nJiJT~§u·$ITTJiJr~~~ ·* H~o*:iim 
kM~M$~a•□ ~ff~@am~ffl □ r:kJ~m~ffiffiffiWM~M$ITTM~ff~.m~~ 

&-~~~~-m~ffi~:¥fM~$~00•*~~ffi-M$,¥fM~$~00•*~~ 
ffi=M $, # Hiio*¥f JiJT~$~0011 :iimkfilr~ffi-M $~!H3Jr*B~ lf!1£ITT ff~ ~.f£1J\ f 
JiJr~ m = M $ lf~~H t'B lf4H{:,, 1Jl1J ¥1 f!JiJr~ _± $ffitJ 1n JiJT~ m- M *. Jifi~ ¥ &-1"' ~£~~ m 
m~ffi~:~kM~M$ITT~-ffi~#HffiM~~-ffi~~m~~OO~ffl~tt.~Mffl~ 
JilT~§U $t§X1f JiJr~~~t-fuOO~tfrifITT~iJJjJJiJr~§u·$BrJit~BiW5'5':, # H¥f JilT~§U$ITT 
M~WAAffi~*~kM~ft~M~±$ffiffiWM~M$ITTM~~& ·~~*-M~~y 
~~~~-m~ffi~:~MIB~Mffi~ffi~MIBM$8~~~AA¥&-~Mff~~.~¥ 
ff~fM~~~~-*~ffl~ff~ITTM~~.ft~M~±$ffi~Wm~n$ITTff~. 
[0024] ~ 33-0HITT~iffii:1f:itt9-J.'x: ,-1~± if.$jl!§m ·8J;&: ±1*; ¥&-~oo•M~~ 
?r. ,JiJr~¥1J>-~OO{ttrn~1'!i ?fj&:~Jm~~ijXJ::$ffiMill!Xh.£8~ $~00 fl; titli5tf D; ~j},t 

¥& ·~~w~w.m~¥& ~~w~wm~ffi~=~~m~~~~ □~~M~$~~ 

.:fflfflMIB$~00-~ITT¥&-®OO•*~kaMIB±$ffiITTffi-fflkITTffi-$m~ 
*:fflfflM~$~00~~m¥&-®OO~*~ka~M~±$~ITTM~ffi-OOffl&ITTM~ 
±$mITTm=OOkITTm=*m~*·~~M~m-$m~*~m=*m~*~kM~±* 
mfi*ITT*m:ft~M~**m~m~ffi-**~*ffiffi=**~*r:kJfi*:~M~$~ 
oo•~~~M$:¥TM~$~00•*~~M~M$*~ITT~&-~~*:~&ft~M~ 
~*mmwm~M$ITTM~~&-~~*-
coo25J ~i~ff m~iffii:1f:ctt§-jiJl:, Jifr~ffi-$mt~:~v¥offi=$mtf.J* ~ m ~&-i'- pJ§ 
M~filafflOOkITT~-M~m-$m~*~m=$m~*~ITT¥&-~m§MfflOOITTffl 
~-M~ffi-¼*~*~ffi=¼*~*~ITT¥&-~m~MffiOO~~ITT~kITT~A.m~ 
M$*~ITTM~~y-~~*m§Mff~,#HM~~y-~~~~-mft~M~±$ffi 
~fi7f~fM~M$t~~ff~~~~~~~~ff~.M~M$*~~M~¥&-~~* 
aj§M~~-M~n**~ITTM~¥&-~~*aj§M~~-M~n**~ITTM~¥&­
~~*mgmaM~M$m®illM~m-$m~*mm-mm~m-ffi3~~.M~m­
ffi3~~~~fM~M$ITT®illM~m=$m~*ITTm-fflITTm=ffi3~~-M~¥&­
~~~~-m*-W~~~¥fM~$~00-~~¥f~OO~ffl~~-ffi~*~kM~ 
M$~~a•n~ff~,#H~*mkM~M$~a•n~ff~.~ffiffiffiWM~M$ITT 
M~ff~.M~¥&-~~~~-m~ffi~~fM~$~00-~~~f~OO~Effi&Iffi 
~*~~M~M$~~a~□ ~ff~-~kM~M$~~am~~Dr:kJ~m.~*~kM 

~M$~a•□~ff~#HaM~ffl □ r;f;J~~m~ttWM~§U$ITTM~ff~,#H~*~ 

kM~M¼~afflu~ff~~am~ffiLJr:kJ~m~WffiffiWM~M¼ITTM~ff~.m~~ 
y-~~~~-m~m~:¥fM~$~00~*~~ffi-M$,¥fM~$~00~*~~ 
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ffi~$$,#~~*¥fM~~TOO~~~M~ffi-$$~~fiill~~&~~~~&~f 
M~ffi~$$~~8"1~~.~ft~M~±$ffiffiWM~ffi-$$.M~~&-T~~*m 
m~m:m=~~M~OO$El"1ttmfflg#~ffim~ttmfflg~ffl~~oo~m~tt,~ttffl~ 
M~M$ffi~fM~ffl~~OO~ffl~~~~M~M$~~~AAffi~.#~4fM~M$~ 
m~~Mlli~*~~~~ft~AA~±$ffiffiWM~$$8"1M~¥&-T~~.m~¥&­
T~fl~~pJ;j;iJjgm: ':1§Ji)T~~Mffi.~:t~~Ji)T~~U$B.6½:C}J~RJ1¥d>-T~u·$'i~S1 ,~¥ 
a¥+M~$~00·%~ffl~~~s"JMa~,ft~M~±$ffiffiWM~n$8"1~~. 
coo26J l§ !H-0:ff 8"1 :t:JMI1f rtt§-¥Y:, t}Hj¾ 7 -;¥~ fflf ~fflfi:±$tllfls"11f1! .Jifi~1f1! m 
filM:~ffl¥&-TOO•M~*•*~~±$ffimfil~~ITT$TOOm;fflfflM~$TOOm 
$~~&-®OO•*~~aM~±$ffi~ffi-OO~~ffi-$m~~:fflfflM~~~OO-$ 
8"1¥&-@00m*~~al§AA~±$ffis"JM~ffi-OOffiRB"JAA~±$ffis"Jffi=OOks"Jffi 
=$ili~*'~$M~ffi-$ili~*~ffi=$ili~*~~M~~$ffifi*~$ili:~~M 
~±$ffiaM~ffi ·$m~*~ffi=$m~*~fi*:aM~$~~-$~ttn$;¥f 
MIB$~00•*~~MIB$$*~8"1¥&-T~~:LlR~~MIB±$ffiffiWMIB$$8"1 
Jifi~¥&-~~{1c 0 

[ 0027] £§ 0 :ff ITT~ JM 7f rt ;tg - ix ' t~ 1j¾ 7 - 1~ ffl f ffl f=' tp. tllfl s<J ~ ~ ffH~ M ~Rn:* iJE O p)r 

~*~PT~M:¥&-TOO•M~~~,M~¥&-TOO•M~~~~~mm~~fflf='$ 
tllf1[){1fil~~El"1$t~ff JfjJJJttl □; LlR¥& ··t~ll*E'..Jifi~¥& ··t-~ll*E'.PTt~m: 
m:~~MIB~ffl~D~~MIB$T00.;fflfflMIB$TOO·~~aMIBffl/='$ffis"Jffi-
00kmffi-$m~*;fflfflM~$TOO~~~al§M~ffl/='$~mM~ffi-OOffi&mM~ 
mf='$mEl"1~=rukEl"1~=*m~*·~$M~~-*m~*~~=*m~*~~M~m 
?$mH*El"1$m:¥fM~$T00•*~~§~$m:~*~~M~§~$mH*El"1$ 
m~~TM~fflf='$ffifi*El"1**~~M~ffl/='$ffi~~m~m~§~$ffi;¥TM~$ 
T00•*~fflM~§~$ffis"J&m:LlR~*~~M~§~$ffifr*AM~ffl/='$ffifi* 
R<J $m, Y!U jiy: f!JiJr~ffl f=' $t~a3'E~JiJT~~~z $ $ JtJiJT~~~. 
coo2sJ l§0:ff s"J~JMI1frtt§-¥Y:, ¥xf1'.Ffi~m /='$tjJ,lj$ ltPfi~~~s<Jtl7#IPT filt1s~f9:'.JMI 
~M~fflf='¼ffi$8"1~~ft.~ttM~fflf='¼ffi$JtM~m~El"1W•m~M~4~~~ 
~.~~M~ffl/='$ffi$JtM~fflms"JWgPT§M~~M~ffl/='$ffi~Jt~~.~fflM~ 
§~$ffi~tt-~t17gpJ§fflM~M~§~$ffi~~~.M~ffi-$m~*~ffi~$m~ 
*$8"1¥&-Taj§ffi~hlfr~ffikITT~-~ffiITT~~~/~~oomms"J~~s"J$~. 
[0029] £§ 5}-i~:ff m~JMI1frtt§-jj:, -l~ ffi /='$tjJ,ljpJ§}~: ¥&-TOO{JM~*•·Ffi 
~¥&-TOOmM~*~-~m:m~~ffi/='$m~fil~~ITT$T00·:~ffl~D;Ll&¥ 
11>-~~rEJ1.*m. JiJr~¥!J>-T~fEJ1.*m m1~mm = ~? rn JiJr~t11:m:tt u :tt~tJiJr~$TOOft: 
fflfflM~$TOO~m~aM~ffl/='$ffis"Jffi-OO~s"Jffi-$*~*;fflfflM~$~OO~m 
~al§M~ffl/='$ffis"JM~ffi-OOffl~ITTM~ffl/='$ffis"Jffi=OOks"Jffi=$m~*'~~ 
M~ffi-$*~*~ffi~$*~*~~M~ffl/='$~~*8"1$m:¥fM~$T00~*~ 
~§~$m;~*~~M~§~$mfi*El"1*m~~fM~mf='$mH*El"1*m~~M~ 
fflf='¼ffi~~m~M~§~¼ffi:¥fM~$~00•*~fflM~§~¼ffis"Jttm:LlR~ 
*m~M~§~$ffifr*AM~ffl/='$ffifi*El"1**·~~~M~fflf='$ffifr3'EmM~ffl 
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~z fir er JtfiJrit~~ o 
c 0030 J J::J 0 TT s{] ~ ~ 7f st t§ - ¥t , ¥t f!JiJrit ffl r $ $jhl] er JtJiJritmm PT '§Jr§ J& ft~ JJo JiJrit 
fflP$fficrITT~Mffoft~MitfflP$fficpltMitfflmm§M~~m~~~oft~Mitffl 
P-$.fficp rr.JiJrj£jfJdmrlJ §;j:§¥1 f!JiJrj£ fflp$ffi14 rr.JJoi! o 1l~JIJ11JJiJrj£ § ti-$ffios1v.l'i PT §;j:§ 
MWMit§~$ffiITTWN°Mitffi-$m~*~ffi=$m~*crITT¥&-'l'PTgm~IBa 
ii oo _Uts t~ , ii oo lfl ii mlP I ~ii oo 1: nt lfl 11Jf! JE lfl cp ,8 o 
[0031 J --'=5 Y3 03f ITT ~~1TAt§ ·¥3,c, :tJi/:1~ T ;f~ ffl+W~1i:ffl P $$jhl]ITT1T1! ofilTit1T1! 
m§M:~ffl¥&-'l'OO•M~~•*~~fflP$ffimili~~ITT$'1'00.;fflffiMit$'1' 
oo•~JEaMitfflP$ffiITTffi-rukITTffi-$m~*:fflfflMit$'1'00.~JE~aMitffl 
P$ffi~Mj£ffi-ruffl&~Mj£fflp$ffi~ffi=ffl~~ffi=$m~~.~cpMj£ffi-$m 
~*~ffi=$m~*~JEMitfflP$ffi~*ITT$m;~fMit$'1'00•*~~§~$ffi; 
~*~JEMit~~$ffifi*lfl$~~~fMitffiP$ffifi*lfl$~~~MitffiP$ffi~ 
~mmMit§~$ffi;¥fMit$'1'~-*~~Mit§~$ffiITT&ft;~&~*~JEMit 
§~$ffi~*AMIBfflP$ffifi*ITT$m,~ft~MIBfflP$ffia~~MIBfflmzfrrcplt 
JiJrj£fflm 0 

[0032] --'=503f ITT~~7JAtg-J!,c, ¥3,cf!JiRitffl p tp.$jhl]cp lLJiRitfflmst~v#IPT g;j:;1if::\l:1!~ 
~MitffiP$fficplfl~M&oft~MitffiP$fficpltMitfflminW~PT~Mft~MitffiP 
-$.ffi~Jt~WoMitffi -$m~*~ffi=$m~*crITT¥& ·'l'PT§M~fila~ookITT 
~ , Ni TIIT ITT Ni mlP I E1XN:/Hfil 1: N ITT 11Jfl JE ITT cp ,8 o 
[0033J --'=5i~ff ITT ~~7:fAt§-i!l, :t~1~ T-;f~ fflf ffl p $$fltJRS ~~./nm WJW~1i:~iJE o?lT 
it~mPT§M:¥&-'l'OO•M~~m,Mit¥&-'l'OO•M~~m~~m~~~mP$ 
$jhlj [)f1 ili r>Z ~ ITT $ '1' ~ ft Jttr/i5:tl D : l:l, & ¥ 1J>-'4' :',tt:fEJ! ~l'i o Jifrit¥ 1J>-'1' !,tt :EEJ!.~l'i PT~ m: 
~=~~Mit~ffl~n~~Mit$'1'00.;fflfflMit$'1'00.~JEaMitfflP$ffiITTffi­
fflkITTffi-$m~*;~EMiE$'l'OO•~~a--'=5MitfflP$ffiITTMitffi-fflffi&ITTMit 
fflP$~ITTffi=OOkITTffi=-+m~*'~cpMitffi-$m~*~ffi=-+m~*~JEMitffl 
P$~fi*ITT$m;¥fMit$'1'00•*~JE~~~~A$~~MitffiP$~ITT-ru~ 
ili:~&ftttMitfflP$ffi•M~frr~N#~aMitffi-$m~*~ffi=$m~*~fi 
*,~fflaM~fflp$ffiITTM~@A$ffi~~iliITTffl-fflITTffi-~~*fffi=~~0 

[0034] --½03f Et':J~hm7JAtB-J&' pJrit¥&-'1':',tt:fl~l'i pJ ill-W~mhx9U~X1 J1Jrit$ 
'1'00~ITT~~ffi~Mit@A$~Bmtt¥&-'1'~-~ffi~~~Mitffl/7$~*~~~ 
M ft o FJTit~!Ul M 1t PT 'El t~ ~™,~MN%~ ,fo/~ tLl Mo FJTit¥ &-'4' 111E• 1~ ff PT§ t~ aFJT 
itffi P $$jl,lj --'=5 FJTit {~A$$j),ljzj'R] ttl;;J'~ ITT :~fuFf~JENfi ~ 0 FJrit¥&-'1'11ilE•1~ ff pJ §;j:js~~~ 
a•ITT~~0Mit¥&-'1':',tt~~•PT~m:~a%~Mit~mM~zmftttMitfflP$ffi 
Jg§! i~JilT ~fflP-$.fHtiJJfi *ITT-$.mITT er ~oJilT ~~&-'1'00 fiM~~l'iPT Jlif~&14O 
NITT~~oMit¥&-'l'~W~l'iPT~m~a~$f@A$ffi*fi~MZm~~MitfflP 
$~*~~~~NoMit¥&-'1':',ttW~J'iaj~m~~~MitfflP$~~§1~Mitffi-$ 
™~*~~=$m~*~ITT$m~~.~ffla~$f~A$~®~M~~zffl,MitffiP 
$ffi--'=5Mitffi-$m~*Z~ITTMitffi-~~¥*k~fMitfflP$ffi--'=5Mitffi=$m 
~{]*zl'§J ITTJilT ~ffi=Ne ~ 0 
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[0035J --½ jj-03f Et':J~JM7f:ittB-fJ:, -,l~ ffl f=t$$p,l]PT 'elJ'rS: ~ d>-,}001iHli~*lt, Jifr 
~~&-,}oo•m~*m•tJJm~~~mr$mITTili~~ITT$,}OOe:~ffl* □ :~&~ 

y-,} )Ztfl*lt o Jifr~~y-,})Ztfl*lt DJ tiJffi~ : ~ EE Jifi~J3!:fflti D 1iYXJifi~$,} 0011: 
mfflM~¥t-oo•~~aM~fflf=t$ffimffi-ru~mffi-$m~~:mfflM~¥t-oo•~ 
~frl:5AA~fflf=t$ffiITTM~ffi-OOffiRITTM~fflf=t$ffiITTffi=OOkITTffi=$m~*'~q:i 
M~ffi-$ili~*~ffi=$ili~*~~M~fflf=t$ffifin!:~$ili:~rM~$,}OOe*~ 
~~~~~A$ffiMM~fflf=t$ffiITT OO*ili:~&ft~M~fflf=t$ffi~M~$~m#~ 
aM~ffi-$*~*~ffi=$m~*~fin!:,~fflfrM~fflf=t$ffiITTM~@A$ffi~*ili 
B~ jj~ -1~~ ITT ffi-Ji!e ~ ATffi =Ji!e ~ 0 

[0036] ~ 03f ITT~ifffi71Jt;t§-¥i, Jifi~ ~y-t-)Zt:fl*lt PT ill--zvt1Jffi~~D~Jifi~x1 ¥ 
,}00•ITT*~ffi~M~@A$ffi8Mtt~y-,}~-~ffi~~~M~fflf=t$ffi*~H~ 
i}J fF o Jifr~~!ibl/: iJJ fF PT ft tt ~m , ~ i}J Ji!4t ti ;fo / ElX tLl i}J o Jifr~~ &-'4'.;tiM • 1~ 11 PT t!Ht fr Jifr 
~m ft $$p,l]l:5Jifi~{)(A$$WJzJsJMlJf ITT:iuJ,fJh~Ji!e ~ o?fi~~y -tiM~l~{iPT 'ElJr§~:it~ 
~-ITTM00°MIB~y-,})lr~*JIPTtiJm~fr~~MIB~~~~zfflft~MIBfflf=t$ffi 
ili §I ¥UJifi~ffl ft $ffiiHJJfin!:ITT $mITT q:i :1R: oPfi~~&-t-~ ftMi3t*lt PT Jl~~Yl 40 

mITT~~oM~~y-,})Zt~*JIPTtiJm~fr~@r~A~ffin!:IT~~zffl~~M~fflf=t 
$ffi*~ffl~~~oM~~y-,})lr~~~PT~~~ft~M~fflf=t$ffiili~~M~ffi-$ 
*~*~ffi=$*~*~ITT$m~A,~fflfr~@r~A$ffiffi~~~~Zffl,M~J=l:jf=t 
$ffil:5MIBffi-$*~*ZOOITTMIBffi-~~~*k~rMIBfflf=t$ffil:5MIBffi=$m 
~~*zj'sj R"JJiJ-r~ffi=Ji!e~ 0 

coo31J !5 !H-03f ITT~JJlli7J:itt§-Jy:, 1Jt1j¾ T -f~ ffir-@fflfi:ffi f=t$$~ITT7J¥iLFJT~7J¥! 
PT§M:~ffl~&-,}oo•m~*I*~~fflP$mmili~~ITT$,}00.:ffifflM~$,} 
oo•~~frM~fflf=t$ffiITTffi-OOkITTffi-$*~*:mfflM~$,}OO·~~frl:5M~ffl 
f=t$ffiITTM~ffi-OOffi&ITTM~fflf=t$ffiITTffi=OOkITTffi=$m~*'~~M~ffi-$m 
~*~ffi=$*~*~~M~fflf=t$~Hn!:R"J$m:~rM~$,}OO•*~~~~~@A 
$~MM~ffif=t$~ITT-OO*ili:~Rft~M~ffif=t$~-M~$~~#~frM~~-$ 
*~*~ffi=¼*~*~fin!:,ttfflfrM~fflf=t¼ffiITTM~@A¼ffi~~iliITTffl-OOITTffi 
-Ne~J;:rffi=Ne~ o 
[003sJ --½03f Et':J ~JM7J:ittB-rx, }JHJt 7 -;¥~ fflr-1:$$p,l]Et':J ~~lnmM 8'fflfi:lU5EoJifr~ 
~maj§M:~&-,}oo•m~*m,m~~&-,}oo•m~*m•tJJm~~~-=:t$~m 
ili!X~R~ $,}OO{t :~tlrHi D: ~R~y-,})lrfl*ltoFfi~~y-,})lrfl*JIPTtiJffi~: 
~EEM~~ffl*□ *~M~$,}OO.:m~M~$,}00.~ITT§~~-:~EEM~$,}00 

-~fflM~§~rj•ITT~~~RM~*¼ffi~M~§~rj-zOOITT~~:~r~fflITT~~ 
~RM~-1:$ffil:5M~§~~-z00ITT~~*~~M~-1:$ffil:5M~§~~-z00ITT~ 
-~OOITTm~@:~R~rM~E-~001=5$,}~~E-~ffiITT~~*~~M~~-$.ffiITT 
~[n}@o 
[0039] !503f ITT~JJlli7J:itt§-Jj' Ffi~ § tix-t• pJ~~frl:5Ffi~-1:$$~7G[B] ITT$m9"1 fr 
n!:ITT§~¼ffioM~~-~OOPT~rrnM~$,}00•~~ITT•m~rj•ITT~mITTffi~ffo 
M~~-~OOPT¥rrnM~$,}OO~~~ITTM~•m~~-ITT~~mITTffi~ff0 M~~d> 
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-~~~*Imill-W~ffi~~kM~§~m~~~tE~M~±$ffiffl~~$m$fiill, 
~~~*~~M~~~m~£tE~M~±$ffi+~ITT$m$fifil~~~M~±$ffiITTM 
~~@-~~M~§~M-~~tE~M~±$ffiffl~ITT$m$fifilm¥fM~$~00-­
~~M~§~m•£~tE55M~±$ffiffl~~$m$fiillm~fM~±$ffi~~~~oo 
~ffl~ffiAA.$ITT~&-~-~*g•~~ITTM~ffi~ftffi~M~§~m•afflmfm~ 
$ffi~m-ga~m~*OO,~M~~@m¥f55M~~~m•~~~v~~~~m-~ 
*g•~~ITTM~ffi~3ffi~M~~~m•afflm+M~$ffiITTM~ffi -ga~m55ffi 
=ga~m~~'~M~~@m¥fM~§~M•ITT~~~~-~*ga~~ITTM~ffi~ 
ttffi~M~§~M-tEM~ffi=ga~m~,~M~~@m§M~~~il~~-M~~~ 
~ib}Jftm§t&tmlP/~~~rJri)i}J. 
coo40J 55 33-03fITT~iffii:1f:cl'.:t9-¥3l: ,-1~±$$rJFiJ ,8J;&: ±1*: ~&-~OO•M~* 
l'I. ,Ji)r~~&-~OO{l:trn~~l'I.*&:~JmJvG~ijXJ::$ffiMm:!Xh~8{J $~00 ft: J~tlJ5tt □: k:JR 
~& -~~W*W-M~~& ~~w*wm~ffi!vG:~EEM~~~~D~~M~$~~ 
•:m~MIB$~00-~ITT§~m•;~~MIB$~00-~fflMIB§~m•ITT~~LlRM 
~±$ffi55M~§~m•~~ITT~-;~f~mITT~~LlRM~±$ffi55M~§~m-~ 
~ITT~~*~~AA~±~ffi55M~§~m-~~ITTga~~ITTffi~ft:Ll&¥fM~g­
~~55$~~kga~m~~~*~~M~J::$ffi~~@. 
[0041 J 5503f ITT~iffii:::trt(:t§ -Jjl:' Jifr~ § tix1• m Ll~tE55 Jifr~±$$jlij~lw] ITT**$ fi 
filITT§~$ffi.MIBga~~m¥f~MIB$~00-~~ITT~m~m•ITT~~ITTffi~~­
M~g-~~aj¥frnM~$~00~~~~M~~m~m~~~WN~ffi~ft-M~~& 
-~~~*mmfil-W~ffiJvG~~m~§~m•£~tE55m~±$~ffl~ITT$~$fifil, 
~~~*~~M~§~m•£~55M~**m~~ITT$m$fifil~~~M~*$mITTM 
~~@-~~M~§~m~£~tE55M~±$ffiffl~ITT$m$fifilm¥TM~$~00-­
~~M~§~m•£~tE55M~~$ffiffl~ITT$m~fifilm~fM~~$ffiITT~~~oo 
~ffl~fflAA$$~~&-~-~*g•~~~M~ffi~ftffi~M~~~m~afflmfM~ 
$~ITT~-ga~mITT*OO,~m~~@m¥f55m~§~m•~~ITTV~~~~~-~ 
*¥8~~ITTM~ffi~ftffi~M~§~rj-tEfflrjfM~¼ffiITTM~ffi-¥8~ffi55ffi 
=ga~m~~'~M~~@m¥fM~§~m•ITT~~~~-~*g•~~ITTM~ffi~ 
ttm~M~§~m~aM~m~ra~m~,~M~~@m§m~~~il~~-M~~~ 
JM¥il:i}J1f PJ§tti~mlP/~~~tLli}J. 
[0042] 55 :fj-i~H~ ~JWI:1f t(:t§-¥Jl:' -,f~ m f-'@:~fLi:$$\VJR{J 1f1tm §1~: ~ 83 ~&­
~oo •M~*m~~±$~ffim:IX~ITT$~00-: m~m~$~00-~ ITT§ ~m-: ¥f 
M~$~00•*~fflM~§~rj•ITT~~LlRM~*¼ffi55M~§~rj-~~ITT~~:¥ 
f~fflITT~~LlRM~±$ffi55M~§~m•~~ITT~~*~~M~±$ffi55M~§~ 
m•z~ITT~a~~ITTm~@:LlR~fM~Ea~~55$~~~Ea~mITT~~*~~ 
Jifr~±$$[1,lJITTUrnJ@. 
[ 0043 J 55 0 3f ITT~ MI 7f At§ - I!x: ' ti 1j¾ T - ,f~ m f $ $\VJ ITT ~~in m M-B' AA* ;JE O FJT ~ * 
~m~M:~&-~oo•M~*Ji,M~~&-~oo•M~*·~~~)VG~~¼ffifflm:~ 
~B{J$~00fi :J3!:tliHtn: LlR~&-~~:fl*I-Jifr~~&-~~:fl*Im~m:JvG:fi:83 
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MJ!~W~D~~MJ£$~00&:¥fMJ£$~00&~%~*m~fflr~KM5£$ffi~M 
'it~; Ll,&¥+iQ57iJS{J JifrJ!i!ll'it~ ,tlHJii; tiJi}J~m*¥!l{!Jifr5£$$iJ,§1f K, t1□¥+x1 Jifrj£$~ 
00 ft s{J 7)\. tfr pfrl JE ITT 'Jifij£ tu l9]~ m § 115 ~*-~;ii$*~ ITT* - IX §t, A~ Jj\ T Jifij£* -
imxi!* i1'J * = imxi!* i1'J * = IX§t ~JE(tEtiili § i'1F11 lr.Jfil)2J1 f! rJri)i}J * ~~1~ i1'J * _: IX§t 0 

[ o 044 J 55 0 :ff ITT ~ JJlli 1J A t9 - iY: , iiJ Jt: JiJT 5£ § 11} f ~ lL J'fu ,~ PT {'¥-~I[ ~ trJ /;}J lli h ITT ~ JJY: o JiJT 
J!~!ll~ftPT ~1ftx1~oJifeJ!x1~ PT ~1tJifeJ£$$iJ,§~U h8{] jj-$ffi ofofeJ!i!ll~ft PT ~1f53c::® 
;/:Jf1§ ~ , if K11F 7tlO/IriJ~i!i'1F 7t o JiJTJ!iEid> ··t *:rJJStl'i PT :it!: • z:'7 ;j,ig jg)=& t~{j¾ iQ 511j JifrJ!i!ll 
~~ITTm~:®~oMJ£~&-~~~*mm~jgf&~~ffi~MJ£$ffi~~l9JITTm~:®~o 
[0045] ~ !H-0:ff ITT~JJlli7JAt§-jj( ,-;f~$$p,§m §115: -1:{zls:; ~d>-~OO{Jtm$t*m' 
M~~d>-~OO•M~*-~~jgf&~~$ffi~:iB::IX~i1'J~~OO-:~ffl~D;LlR~d> 
-~~fl*m ofo)TJ!~d>-~~£I*mPTt1gjgf&: ff}. EEJiJTJ!J3!:W:ti D :ti~J(Ji)TJ£$~00{t; ~ 
f~MJ£$~00-~***m~fflr~KM5£$ffi~M~ft;LlR¥rm~~MJ!M~ 
~i, t~tristiJl9J~m*¥Y: 1!JiJrJ£$ffi1f K, :fzn¥r JiJrJ£$·t ~ •ITT )J\.* pJf!JEITT , JiJrJ£ trJ l9)~ m 
§M55ffi-~~$*~ITTffi-1Xffi,A~~fMIBffi-~~$ITTffi=~~$ITTffi=IXffiLl 
Rff~ili§~@K~~~~~~*~~*ITT* ~IX~o 
[ o 046 J 55 0 :ff ITT ~ JJlli 1J A t9 - iY: , iiJ Jt: JiJT 5£ § 11} f ~ lL Jih ,~ PT {'¥-~I[~ trJ z;}] lli h ITT ff JJY: o JiJT 
5£~!11/>tftPT ~1tx1~oJife5£x1~ PT ~1tJifeJ£$$iJ,§~U h8{] jj-$ffi ofofeJ!i!llaft PT ~1f53c::® 
J:Jf1§ ~ , if Kt1F 7tto1 ErZ ~~~t1F 7t O JiJrJ£~& ··t *:r1*n m * · z:'7 i-ig jgJ=& t¾fj¾ iQ 1111 JiJrJ£i!ll 
~~ITTm~:®~oMIB~d>-~~~*mPJ"~jgf&~~ffi~MIB$ffi~~~ITTm~:®~o 
[ 0 04 7 J 55 !H - i~ ff ITT ~ JJlli 7J At§ - fj( ' t¾ {j¾ T - 1~ ffl T ~ ~!L $ $[#] R/,J 7J rt O Jifr j£ 7J rt ri J § 
M:~rn~&-~oo•M~*m~~*mm:iB::IX~ITT$~oo•;~r~mJ£$~OO•ITT* 
tfr :7[6Q JlrJ ffl f if KJifrJ! $tWJ 1¥11!11~ ft; ~JR¥ f iQ JlrJ s{J JifrJ!~!ll~ ft , t~ W tiJ i}J ~ m *ii({t 
MJ£$ffi~K,~¥TMJ£$~00-i¥1%*~~1¥J,MJ!~l9J~m§~55*-~~$*~ 
s{J*-IX§t ,Jl~ 11\f JifrJ£*-~~$1¥1*=~~$ITT*=IX§tLlRtEtl:iB:: § t1Ff~ Ktfil,Q 
Btf!tiJl9J7J<. ']1-~~{~R"lffi-IX~ o 
[ 004s J 55 ~ 'f:: 0 :ff ITT ~ JJlli 1J :it t§ - iY: , 1 r fi{ii Bt ti: it• tJl PT if ITT ff f* 1r ~ PT ff 1* ;f£ Ff 1§i 

~,~~Ffffi~rn~d>-~*~*m~fiH~~fi*~~ffl5£1¥J#W1J~o 
[ 0049 J frT Tio 1¥1 ,1;t 1*fflJi)fO Ll r i:'(:§'ffiffl~ 1.£~~ vH1:l:lO i£ ~ tt 1¥1 * ::;f ~~ $1JtV¥U ~ .1t~ 0 

13f1~tJtaJi 
[0050J * A*i~:ffH~i=&*i~:ff-$%R"J[)H00 00~ 7 ~;f~i~:rfITT~JJlli7Jf\otEOO ~: 
[0051 J 001~550:ffBS~JJlli1J:&:t§-¥Jl:i¥J~vHi*;JE1¥Jt!ltm~*~ o 
[ 0052 J 00 2A~ 11JJ§ 55 0 :ff 1¥1 ~ ir'tii1J :rt t§-i'lci¥J * tit BS~ {71) ·~1:l: * $jlJ,j 1¥1 t!ltW{'H!Jl~ ti 00 :R~ o 
[0053] 00 2B~550:ffi¥J~!Jlli7JJ'\if§-jj(i¥J 00 2AJifr~$$jlJ,jlO*tJEi¥Jt!ltmi Tpjt~OO:R~ o 
[ 0054 J 00 2C ~ § 115 55 0 :ff S{J ~ JJlli 7J :r:I;; tB-fY: i¥J * ;JE i¥J $ $p,§ 1¥1 !H- ~ !Jlli 1J :r:t i¥J t!!5t mt Ti}J tJJ 
00:R~o 
[ 0055 J 00 20 ~ § 115 55 0 :ff s{J ~ JJlli 1J :it t§-¥Y: 1¥1 * ;JE 1¥1 $ $~ 1¥1 x.-~ !Jlli 1J :it 1¥1 ti mt r_m f~ 
00:R~o 
[ 0056 J 00 2E ~ § 115 55 0 :ff s{J ~ OOi 1J:it t§-iY: 1¥1 * iJE 1¥1 $$p,§ 1¥1 x.-~ !Jlli7f A 1¥1 t-t1tmi Tpj f~ 
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00:R~ 0 

co 051 J oo 2F Ji:: J::J 0 JT B{J ~ JM:1f s1::;-rn - ¥!I: B{J ?f iYLl t:l: $ $jJij t~ r!f Ll * tJE B{J tl mi *?i o 
coo58J oo 3Ate '=503f ITT ~JM:1f :r:tt§-¥Jl:ITT $$jJijITT pg $ITTt1mtr*~, 'elJ1s fflr $$jJijnx;fl* 
tJE OS J§ :tJ\l ffl: ;f P ffl P ti D o 

c 0059 J 00 38 ~ !5 0 3f BS~ JM :1f A t9 - ¥3l: ITT f2J mnx; 5E 1:i'.n±Ja :tJ\\41 J§ Im:# _§Ji£ 31 $ $jJij t~ ~ 
f),z flil 8s t§ ;J;JL 'iz ~ f tf: ITT~ 1Yu ITT oo ~ o 
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115 WU :tzo ~Ell t~ ./Jr <3[ :R:Jxl, , m:m: , t~ 'ft ~:'I. J!lUJr, ~ , t§ -tJl , !JE iH J±,i; tH , ~ ~ o tE ~ 1¥ ITT $€tr A ~:'I. 
oq't/H~ r, ffl p~g~;®;i ~ r -=f ~ IPJ * ;JE 100:f'JH!H~ -~,-A.BX1frI4-: tfAt~4- .BX{~-~" 1J£{j¾ 
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H:Hirtrr 9, 11 J=llt~tll, j§! tt ~ ij~ Ji!tui r}J i'f~ fr M ~ _t;il:;}l % J'i'L m; J]n ~1'r ffl r ~t18 }~)=j * ;JE 100 
im 18 BS 1f fiiJ,; B ·ifJf! BS ttf o 
[0114J ffl?ti D 17ODJWc~~ ~~~$'4":~Hl*JI, i~~~~$~)lt1l*Jltllzti9@AA rnJ 
ffl? tJTdtt 18 ,@, ~ ;,;_ ffl? ti4t 18 }~, * _ft)lt:fl i~ 18 ,@, ~J {tt i71J :ti□ W. ffl )lt :fl$: 18 o {! ffl o fr~®~ 
JJm7J A cp , J!tl ITT )lt:El*JI PT tA1T 1§i9 Ll ~t iQJt: Ji!Uffi§~ ~ ti}J, ti4tJF i¥ itiiiirtrr 9, ~t iQJt: 
fij¥ ilfr ~Elltl )# _t 1ti trl lfl iEll tllP/ ~-=¥ ~ 'Q[nJ E'L rm:m:ttu A~*J¥i. ~ tl '~~ 0 fr~®~ JJm h 
A cp, ffl ?ti D 17O-aJ 1~1Jj§ ~~.:;tt ,tm~ .:;tt ,iEll'.%*1'il□/~fflf ri'iJ ffl ?t)Htt~ t±:118 ,@, ITT 1f{iiJ 
,;-t;*Jlo 
[ o 11 s J tit! 00 J.1!:tlis !$16 o DJ 1~lJj§ ffl r 17 fit xJ * ;JE 1 oo~ ffl ITT tm 00 J.izjJiS ITT 1f 1iiJ ~:@ ITT Jxt® !$ o 
fr~®~ JJm 7J A cp , tt!! 00 ~t~ W 16O-ar,g tE ~ 1~ ~ § ITT fr~~~ ti * cp 1§ 1v.Jlif§ A ITT ~t~ , 
foRJ£9k t1 -8Ji ;1~Jt , JJ<.t;1iE, JiliJI t;1iE , ie: ~, * 11,~ , ~ ff -.J1□ 11B iri1i , ~~ 0 Jm oo Jxtm w 15O:;r, 
fx PT ff fie/Ht 1¥ lfl 9k B lfl tt!! ,~ , mf _ft PT ff friI 1§ i3: ® 9k B if§* lfl tie 3£ WJ ( TL tt 17Ll :ti□ , 1§ 1f {iiJ ff friI 
tr-t 1iE * !tic ITT i5 tdZ ) o fr • ® ~ JJm ::tr :Lt cp , :l:fu ~ Jx tkf !$16 o PT 1§ * ;JE 1 o o ITT ,;-t; 'l'f!WH?JJ 1l 5E 1ft o 

fH\Jth ~ yj )'r ' j:fil 00 Jx tE )$ 16 0 ~,; ~ $ ?J\. pJ ;f§ xt T * ;JE 10 0 ITT ,;-t; $14 ( 17Ll :ti□ ' )lt :fj 1'j'L JG 
110) J2t f¥5E 1ft o 11:it 1$ ITT~ JJm7J :Lt cp , * § ti!?.~ Jx tlis J$16O ITT{;;,@, PT i~H1 rxxl t4t BS~£~ ~32 £~ 
Jxtm J£ti c iJLl :ti□ , ;iiU1~ ~ rxxJ ti ln; wt[] t; rxxJ , ~~) r ~ o 

[ 0116] 00 {ltrlH1t~ ?r.122, 124lP 126-aJ !S-TLttJf!r J)_Jf fi cp trn~~ 1J;,~'4, 00 {i lfl 1f {iiJ ~ 

:'trlITT*E.o mf _ft, 1f{iiJ~ § ITT ~{tM~*E.PT J:tff~Ifx.~{!Ll~A¥U~{t)lt1l~g:o ·®~]Jm 
7J:t\'.:PT&'E1,mJ'i'L~oo•1m~*J1,w,;~~JJm7J:t\'.:-aJ'§,m~~--~~1'r~~~~Ll_too 
ftM~*Jlo 00111m~*J1122, 124l0126~%fr rTIIT~~~oo2n~oo2rn1:~t17fs1iJ£0 
[0111J *;JE1oo~A!S-1~$1tf:PT!tif .¥U!S-1~:;f iBJ ITT.5.f-'El cp ofr~®~JJm7J:t\'.: cp, *;JE1OO 
PT 'E1, tt {£ :ti□ 00 2Apfr ?f ITT$ tWJ 2 oo _t o 1XJ1J :ti□ , :ti□ _t TIU t§ x1 r 00 1 fs1i 3£ ITT , $ $pij 2 oo PT We~~ )lt :EE!1. 
J'i'LJG11OlO*iJElOOITT1f{iiJ,;'t;$1tf: o mffr~®~ffif7:f:i'\ cp, $$pij2OOP} {SZ.W~~~ J'i'L,t-OO{!M 
$t *JI ( 17Ll !m , if§ tJL ) , fr~ ~□~if 00 2s -=t 00 2 E W ii: ITT,; B ~ JJm 7J :r:~ 4-1 , nJ ft ffl g; ,t-00 {jJf $t 
*JI O 1lJLl:tlD ':ti□ 00 2A}1Jr?f 1¥J $$)tB2OOi¥J 00 {IM$t*JI 122l01 24 cp 1¥J 1f ~1'r PJ Ll ~ADAS ( )t;Jtt 

~ ~ ~ m M * ;JE) rnz {Jtli ITT~$ ?J\. o 
[ o 11 s J 'EL tJS fr -4::tM 2 o o _t f'J::: 1-J 00 11 ~ !{I( J'i'L 5L 12 o ITT ~ $ ?J\. ITT 00 ft ffl ~*JI PT 5E 1ft fr {f fiiJ 
ifJf!BStt!!,~)lt ofr~®~JJm7:f:r\'.: cp, :tlD002A~002El000 3A~003CJifr?f, OO{lM~*.'i.122-aJ 
1ft Tm +Jl fflJi1 :ili O i~ 1ftJI pJ 1i11t +Jlti ( ~ 1rJ T $ $pij 2 0 0 Er'l ~ #~ ~ B'-J +'JU~ ) ' pJ m Il;/J/im JE xt ~ #~ 
~rm§ 1t¾~ PJ Yt!iBs, 1t¾~:;r, pJJL!iB"J O 001t1m$t*1'i.122 PJJE1ftfrm.f.mirn1m:Bs 1ffPJ tfu,~ 
)lt , {_§~t 00 {i M$t *.'i. 1 2 2nt.'i. fr ffl-=f i¥J fr~ #!f ~ i¥J E~ ~ilJl~ _t PT n!: ~ tl7 ffl M $tfi :R?f ~ #!f 
~ f.!,\1.:1:3; ;f P/~f.!,\I.~ ITT 00 {! o 
co 11 9 J it xt oo 11 $t !{I( J'i'L JG 12 o ITT oo 11 ffl $t * JI , jI m {it ffl Jt B tt!! ,~: o 1XJ1J :ti□ , oo 11 M $t * JI 
124 PT 1ft r $$pij2OO ITT {!~Ut ;trz.1-:. AAz. cp o i3: t-¥: ITT tt!!,~ PT jt,; Jf!if J!3f ~ f.!,\I. th ITT 0011 M $t* 
JI Av: r1~Ut ,!;r_t ITT 001i}i$t*JI ITT tJlt£ PT Ll :;r-~ r ~ #i ~ ITT tYl t~ , ~ Jft , {jJt ,tr 00 {i }f $t 
*JllO~#!f~ prngJt::;f,e,~~.¥Llif§IBJ ITTx1~o 0011M$t*JI( 1lJLl:tio, 00 fl1m$t*J1122, 124 
;fP126)tB PT fftrABtih,~ q:i o17Ll:tlo, OO{itrfl$t*l'!PT 1ftr$$jl}j2OOBS~~~w;s,t-fm~t.mmz._t 
~z. q:i ,¼$pij2OOITT ¼J.m_t ,¼rM2OOITT Jj(i}J,tJL~_t ,¼m2OOITT1rc$ffi _t, ¼rpij2OOITT 1muoo, 'Jj; 

*fr$$pij2OOITT 1f1iiJiT n 1-:., 5E 1ft fr$$pij2OOITT 1f {iiJW n ITT fi5 EmAAfrrao, l:J,]st'fj;*fr$$plg2OO 
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Er:! _if 00 5f P / ~ ~ 00 Er:! ft 00 Z cp ~ [)ff ili: , ~~ o 
[0120] Jii T 001iHf~*l'i, $1iJl3200PT 'E1tis *;JEl OOS"J ~jf~;lt ti' ;";~{cf: o iJLlPD, &!lf£¥ 5Gl 1 O 
DJ 'E1tistE$$jl,lj200_t, CJ $$jl,ljITT 2tl9JrJLt~fff0¥ 5G ( ECC) wti'r~mwti'f?J\./?£/J o$$jl,lj200:i:EDJJJllc~ 
1f ~ftDGPSti4'.\z::MO"J 111..i'. 1$t~:M 130, 3f _ft:kEpJ §;j:§f:11100~:tffif !$160~), R#fi~:M¥5Gl 405fP 
1500 
[ o 1 21 J 00 21\~ ~ 0-ff ITT 'ct 1mI h 5t ;t§ ~¥~ITT~ iJLl ·ti $$iJl3 m {ft* iJE ITT *!!.tsif~U ll,[ 00 ~~ o 00 2B 
~00 2AJifr~ITT':ttmI1T5tITT*!!.tffi~TDHlOO 00~ o Pn 00 2B cp 00 ~ITT, 03f ITT':tJJTu1T5tPT 'E1tis$$r,§ 
200 , $ $jJJj 200 tE ;It± 1* cp § t!S JUJE 100 , ]UJE 1 ooJ:l:ff;E 1ft tE J§ f!\! irn1 ili:lP / wt $$jl,lj 200 ITT ~ 
~in [)f1ili:ITT *~oo {ttm~*'l.122 ,;E{fttE$$jl,lj200B"J fjpit[[XzyJG ( iJLlP□, {jpi;tI[X:liij21ocp 
o"J~-i' )z r.wtz cp □ "1*=00 {ltrH.iJU~.i'.124, ~J,R&!l:fI¥5GllOo 
[0122J Po 00 2c cp 00 ~ITT, 001tM~*.i'.1225fP124 W3 .:i1'i·f:)JpJ JE 1fttEfi!Hl'f!M JlilP/wt$$jl,lj 
200ITT~#!f in [)f1ili: 0 ¥Hr' l!lrttE 00 2B5fP 00 2Ccp ~ t±:l T W31'00 ft:tm~~l'i1225fP 124 '{§~@ 

itrI~~ITT ~, ;ttt:'ctJJm1T5tPT 'E1t15$r W3·t~1ttm~*lL15LlPn, ft~ 2D5f□~ 2E~ t±:l ITT':tJJm 
tJ5t er ,m~oo1ttm~*.11.122 ,m=oo1ttm~*.11.124l□m- 001ttm~*.11.126iBz§115tE$ 
m 200 ITT * tJE 1 oo cp o 
[0123J Po 00 2D cp 00 ~ITT, 001tM~*.i'.122PTJE1fttEJ§tl'f!M Jliln/wtif.$jl,lj200ITT ~JJ.9:ln 
[)f1ili:, 3f _§_OOfltm~~ ?i'.1245fP 126PTJE1fttE$$jl,lj200ITT{jpitr!Xfu.Q( f:<tLlfto ,1i~trtxfu.Q210cp 
ITT ··t )z_twtzcp o:Ff _§_pn ~ 2EJifr~, ~1ttm~*n122, 1245f□ 126PTJE1fttEJ§tlffi[)f1ili: 
5fP/wt$$r,§200B"J ~1J.9:lnJ~H~[)f1ili: o 03fITT~tmI1Jt(:3f7f,p~ rfffPJ~JE;t § lP~mB"J 001ttm 
~*.11., * _ftOO 1itm~*.11. PJ IE 1n: ?:'E$$p;1J200 pg 5f□/wt_t 1¥J 111PJ ~':131¥Jttl!,8 er 0 

[0124J $:fiilfITT~, 03fITT':tJJm1J5t3f 7GP~r$$jl,g3f _ft PTLlJIIZffitE;ttt:1f ~cp o:kbJIIZfI 
~s"J ~, 03fITT~JJm1J5t3f7GP~T~JE~~ITT $$jl,lj2003f Fl. PT Jlllfflr JiJr1f~~ITT$tiJl3, §115 
fC $, ~· $, tih$ 5f P ;It t: ~~ ITT $$p,§ o 
[012sJ *~OOfi1i~*.'l.122nJ§1151ffPJ itJ.f!~~s"J 00 fi-si~*.i'.o 001i1i~*.'l.122nJ 
Et~ft$ff!oft~~':tiJLlcp, OO{fm~*.i'.122 PJ§;j:~Jl1f~fiDHHl i¥JApti na M9V024WVGA{$ 

~tt otE;ttt:'ctJJm1J5t cp, 001tM"~*l'i122PTt¾1f¾ 12sox960ft~ITT ?J\.tl$$3f _ft PT 'E1t15~ffi 
·tR i'l o 001im~*.i'.122PT 1'Lt15~1~1c"¥:5c1tf: o ,tE~r~-=tir'tlitft(; cp, 1Jf1Jpo, PT {il,;j:15~1' wt$1' 
nf ffl , 7'J 00 {Zz tm ~*.i'. 1)Hf¾ 1JE~ ITT~ Ne 5f P fl tFJ o tE ~®'ct JJm 1J J\ cp , 00 fl tm ~*.i'.12 2 PT~ 
6mmnfffl~12mmnfffl*lt\otE~®~hih1Jt(; cp, PU002Dcp 00~8':J, 001im~*.'l.122PT~mhx 
ffl~Jl1fJj]~fiJFJ(FOV)202S"J OO{f o1:<1LlPD, 001fffl~*}'il22 PJ,ri;Jjg5),ZJ:l1f';!j;':J~JlS"JFOV, @PD 

,tE4011¥Ll561li¥J ffill pg '1.M~4611FOV, 50l1FOV, 521lFOVLl _t O ~1~:l:111, 001ttm~*.i'.122PT 
~mmJl1f2311¥Ll4011ffill pg ITT ~FOY ,@PD2811FOVwt361lFOV O :'N5r' 001tM"~*l'i122PT 
~m!J½Jl1f 100!1'.JU 180!1'.ffi!E pg ITT N'.FOY oft~r~-=tir'tlitft(; cp, 00 {lm~*.i'.122PT 1'Lt15N'. 
jij )1'. ITT fjpi;tI;t§rJLEiXi'r Jl1f ][JU 180)1'.FOV o 
[0126] *~OOfi-si~*.i'.122PT;tBx1r ~ $$jl,lj200*lt\ITTtFJJR~ltt$1'*~oofio $1'* 
~ 00 fl cp ITT 4ij: ~t)J PH)t~Itt' ft Jg PH! ffl ~ ffl HHl ffi ~ B"J ~*JU 00 {I t3 ti'a ~ 0 4ij: ~t3 ti'a ~ 
J:)JpJ 'E1t15$1'1i~ 0 

[0121J *~001ttm~*.'1.122PT J!Af ~~~*~ *7000 flt3ti'a~cp s"J4ij:1'*lt\ITTt3ti'ai! 
:¥ 0 t3ti'aJ!$PT1~g:,t$ITTJ!$, ~PtEJifr ~J!$r, 00{11$!®:MPTLl~JlX~§t15?:'Et~JEt3ti'a~ 
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cp El':! &~{i ~*~El':! 00 {i 1fi1li5 0 

[012sJ 1YUPo, OO{itflH3t*l'f.122, 1245f□ 126PT § *{ffiiJif~~:J11l:f-□~ ~ s"J 00{11$~~, § 
tECCD1$wffAACM0S1$Wffoft~~~Mi;jf;:\'.:cp ,CM0S00{i1$~ffDJ3il5J~tB'~fl~~* 
ffl, 1t1f~ff q=i D"Jtf"r'{t~~lj(i#J1X~'1', * ll i~1r0"1tr!ti'ift~ff:tt~1r0"14iilf1 r.i!tff, _g 
iLl!rf~001i$!1r B1EzM~ oft~®~iffii:7fA q:i, i~1TPTt9xtr$!1rfJ._tiLlr f:&lJZM~ o 
[0129] {tffl=llitBN-Ul pJ -B'ii::f 15] 1T q:t !fl 1i~ft::f 15J instrsJ1&alft3f1J£1rn~' i3:PTJ& {t1& 
ffi~B"J 00 fi$!1r ITT ~j45¥□ ;tt B 00 {I 179~ o Yi ·:tr mi, 3 OOfiffi~*E'.1221EztigjgJ=&ffl~JajAA lwJ 
;l:!7·~!'1 ~ftst, Jift1f {i~t~DJal:ft~~~;t§FnJ ITTStf8J_;_JF ll ftj¾FnJ B"Jal:ft)W]1~ q:i ota*~ ,;A 
*m ~fiD·~ n ITT *tJE q:i Yx~ITT $1!J ITT oo {t~J!JE*~ !r'f~Fov ( ffi:tz□Fov202) ft~ ;Est r8J ITT·~ 
~~ o xt tt z r , ft~ ffl ·~ n A m q:i , $!ft q:i D"1 m 1r t?J ii a11c , * 1l tttffif ft ::f l5J D"1 ~t rs111t trH .if o FB 
r1t , ~ ~JJ ITT xt * PT ~t ft Jl 1r ~ m ·~ n ITT oo 11 M ~*it cp ~ fl~ J'l O i~ fl* :1~ ft r oo ~ w: tm 
j:-fu}/aj;to 

[0130] ffi=~fiffi~*.E'.124:f-Dffi-~fiffi~*.E'.126PT~~1:f:1PJ~:JI'lITT~{iffi~*Ro 
P□ FnJ m~oo{tM"~*it122' OO{iM"~*it1245f□ 126 q:t ITT~~:1:3JpJ §1Efttlli O ft~~'.:tiffii:1f 
;:\'.: q:t, i?flfiffii**itl245f□ 126 q:t ITT&·i'·:l:)JP} §;j:§Jl1f ~ffiJ•~ r'l ITTAptina M9V024WVGA1$t~ 
ff o w1cJtl!, 001iM~*it1245¥n126q:i ITT4lt'i":1:3JPT ~t2i~m·~ no Pol5J 00 fiM~*it122, 00 
fl:trn~~ ?r.1245fP 126PTtiJmf& TLtt :'&-1~:iiHt5¥P1c "¥: JG1tf: 0 ft~®~ )Jfu h A q:t 'lcj 00 {tUrn~ 
*.E'.1245f□ l 26*~ITTmffi PTt~{Jt~r AA~ r lcj ~{iffi~*Rl 22*~S"JFOV( ffi9nFOV 202) 

B"JF0V( ffi9DF0V 2045fP206) 01YUP□' OO{iffi~*it1245fP126P} Jl1f 40!}L30BL26BL23BL20 
&AA~ r_. 1¥Jrov o 

[0131 J OO{itrfl~*1'!124,tP126P};t§xtr lcj$$jl,g2OOB"J *~B"J:l:m>R~I1X$~%=00{i1P% 

- lfil ft O $ ~ ffi = lfil {t5f P ffi - lfil {t q:t ITT &~:I:)] pJ ~ J1Xjg pJ {~ ffl ~ m ·~ i'l ffi~ s"J ffi = * 51j 5f P 
ffi- *5UITT OOfitr!ti'i~ o'Bt'l"t3fa'i~AA1f:l:)]P} Jl1f $'1'--{i~ o 001im~~it1245fP126PT Ji 
~lcj~~§mftffi=*~~ffi-*~~ITT&~OOfi~~~*~ITTffi=~~~$~ffi-~ 
fa'iii$o 

co132J &'i--OO{ttrfl~*1'!122, 1241P126J:3JPTt§xtr1f-c$p,g2oo;E{ftft1:f:fiiJ ~~ITT{ft1'!1P~ 
rPJ O pJ :l2Jitl 00 {tffi~*it 122' 124;rU 126 ITT ;t§ xt ;E {ft ~1 *rr1 M~~ .AA 00 ft ffl~ *it~~ s"J {§ ,~, ~~ 

~ju~;mo,WUP□, ft~®~Mf:1f:r\'.: q:t, lcj OO{lm~*it124:K~ITTF0V(-iiP□F0V 204) pJ lcj* 
~00 fiffi~*it122EJ'JF0V( ffi9UF0V 202)5fP*~OO{iffi~*it126EJ'JF0V( ffi9UF0V 206 )$ 

5 Htl!AA 3'E ~ :!:ti! :!:ti! .m -ft o 
[0133] OO{iffi~*itl 22, 124,t0126P}{ftr$$PB2OO_ef:f:fiiJ~~i¥J;t§xtr§'J~~Lft~~~ 

Wu q:i , ft 00 ii trfl~*R 12 2, 124,f P 126Z l'RJ PT ~t ff ft r§'J ~ ~, i3: PT tJt{~ JE iJ$ ITT fJn~ {1§ ,@, *~ 
fl iL 1t 53\. tfr o 17,J :ft□ , :ft□ oo 2AJitr ~ , M ~ oo 1t M" ~ *it 12 2 5¥u 12 4 )('.tr ::f l5J s"J r§J 1t )('.t o 1Y1J :ft□ , ft oo 
fim~*it122, 124;rP126Z!'sJ:i±PT~ti'fftimiJri'iJ {ft~~, Jg)('.tfJ.J'j'I.5Gl l0ITT \( 1t7ttlr~ t±:ltm 
>'~f.'Jl~{§ ,go imiJ rPJ {l,f$~PT iei{fdx, Jlo 00 2C;rP00 2DJW~ o ft~®~JJfu7f :i:~ ~, frJ Fo{l;f$ ( {Jlj 

:tm, m~{ft~) PJ~t1tftrOOflffi~*it122, 124;r□ 126zfsJ o WU:tm, OOflM~*it122 pJfftr 
00 fitrfl~*1'!124;fP/AA001itrfl$t*1'!126fi5 TIDB"J0. 5*tLl2*~_t oi3:f~~~ ITT{ftfJPT {1'.00 
fiM~*itz-~~m~~BOOfiM"~*itITTmft~ko 
[ 0134 J 00 {l M~*it 122P} Jl ~ {:f:fiiJ ~~ s"J 7tt/$ $ r}J ~t ( ,WU :ft□ , lcj 00 {11$ ~ff*~ ITT {ZZ ~ 
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;j;y: §), # _§___hj 001iffi~*-'IJ22*itlci't':J 00 (11-&wfti't':l 1:,\.¥')$$PT:kr-J}T!l¼~T--½ 001iffi 
~*1'i124;¥0126*1t1cs"J 001114¥~~8"1 -;}1:!1f:$ o tE-®~!Jfu7:f:iX: 9'l, -tJ 001tffi~*l'i122to/ 
~00 flffi~*_i1.124;¥0126*~ITT 00111$~-ff DJ AW640x480, 1024x768, 1280x9608S 1:,\.t/$$ 
~ J=l~ {f {PJ :1t B if~ [11.J 1:,\. t/$ * o 
[ 0135] $fl! :il f ( iJLl Po' tE1$ ~}J iH~~ !5 T -~oo 11$1i! *itlcITT 1t:JJ;yj@zfiJ 00 {t M~*· 
~JlX-~OO{l$w ITT-tll {t~~tfrif ITT:il$) pJ!2),~ mt~ITT O !5001ttrn~1!il'i122*itlcITT$i1r:i!$ 
pJj;:f' lj\f ~~f !5 00 {tffi~*Rl 24;¥0126*itlcITT$J!:i!$ 0 !5 OO{tffi~*l'i122' 124;¥0 
126*itlcITT$vHi$DJ!lX*rDJ!~,!J}Jo(ri)$l!r3t$ITTitstITT ~1~~ ~ oi7LlPo, 001tffi~*m122, 
124;¥01269'l SS-~~$~ DJ 'ELtJStE~J:tz "5 001iffi~*m122 ,1245f0/~126c:p BS 001t1tw-ff 
OI.J-~~$~1i~~~OI.J001i~fflz~~zJ§~~DI.JPT~1i~Mfilffllmo-~,~Arffl 
~ft~ITT OO{t~tfrif PTtlUfrif*JIITTRt+~:ilf~ltZ( iJLlPo ,4ij~Rt+~ffll1A-~1t~) o!H5'r, tEg 
tt~mtkn ITT~!JfuhA c:p, 001ttrn~1!il'i122, 124l0126c:p ITT-~~$~ PT ~tttE~I+X!5 00 
ftffi~*n122, 124;¥0;~ 1269'l ITT 1&11t1t~~iITT -ffft~*1t1cITT 1&11titt1iszrir~zJ§5MJJn 
ssPT~7-K-'fWS~iffll1A o;lt!:--;l:17, 001tffi~*m122, 1245¥0;~126c:r ITT-~~$~PT 'ELtJStE~ 
I+x'. !5 ~ ft ffi i3t * _-'I_ 12 2 , 12 4 ;¥0 12 6 ITT ~ 11 $1h * !tic ITT ~ {t Jy: tfrif Z fir~ Z J§ 5!B JJo ITT PT~ W; iUl'3 
~t ffl]Jt~ 0 

[0136] J3: ®itstt~fffLlPT {t!5 001ttrn~1!i ?t1J22, 1245¥0126*itlcITT~rlr:il$1P]-;l:!7, ~~ ':1§4lj~ 
I&! {t iffl~*n ITT~ tH/i'i :il $ 7G [Eu ot ZJJ' Pn lit O Yi 5'r ' Pn i4t tE T Im£ i+ tffi :ltH Wi!~ ITT ' tE :1t B ~ ~ 
( iJLlPo, OO{t1t~~?tt/t$ ,~:A~tH/i'i:i!$ .~~)zc:r ,i3:®pJ ~itSH~fffLlPT {!001tffi~ 
*_-'I_ 122mrov !5 001tffi~*_-'I_ 124;¥0126ITT-~ ~$~rOVl!HlITT IX~ITT 001tffi~[P]-;l:!7 .~ 
~':1§001tM'~*R122ITTfJ,\1Jm~IP]r001tM'~*R124;f0126ITTFOVStZJJ'POJlto 
[0137] OO{tm~*_-'1_122' 1245f0126ITT$J!:i!$ itstmllX lRr*itlcITT 00111$®-ffITT 1:,\.t)$$ 0 

WLl Po, 18Z -i& W3 ~*_-'I_ W ~1~ITT i:!H3ffl ll$, Po*-~*_-'I_ 'ELtr1i?tM$ 7'J640x 480 ITT 00 ft 1$ 
w~ff B.!H-*_-'1_'§1115?trJ$$7'Jl280x 960BS00 ft1tw~, IJ1Ui4trmJ!J!:$stfsJ*~llX* § 

AW1!:~?tM$R"JfflwftR"JOO.~fflITT~0 

co13sJ PT JJo[o] OO{tM'~*J!.122, 12410126ITT OO{t~iti~llXITTitstITT !H- ~~~-*~ 
t3ffli!$ 0{71Jpo, ~~ 'E'LtrStEOO{tm~*_-'1_122, 1245fW126 9'l ITT OO{t1t®ftITT-1-f OO{t~ffl 
ffl~Jf-®•~~~~o®i&~W~~~~Mfilmm,~~~-1-fOO~~fflITT~-~~~ 
~ffl--½~~*•~-A~~ffl:i!$ffl*o~m~~-A~~ffl:i!$~*JlffltE~~m~A 
W$!Z1J\•:k~iH3ffl:i!$s"J*l'i£:AB"1$m:i!$ o tE-®~!Jfu7:f :iX: er , 001tffi~*l'i 124;¥0126 
er Rs-~~$~ITT•:A~t=iffl:i!$PT:Ar !5001tM~*m 122*~m•:A~t=iffl:il$otE 
-®~!Jfu7JA c:r, OO{ttrl5'~*1'!124;f0/~126ITT•:A~t3ffl:i!$PT!J,~OO{ttrl5'~*1'!122ITT 
:ii:A~t3ffli!$ITT 1. 25{-i"r, l. 5{-i"r, l. 75{-i"r~2{-i"r~Lo 
co139J tE!H-~!Jfu7f:r\'.: 9'l, 001lm~*_-'1_122, 124l0126PT AWt§IP] ITT~:ki~t3ffl:®:$, 
{13.00 ftfi~*m122PTtE 1J\r!1¼~r :1t•:k13fs'i:i!$BS t3:n'a:i!$T ~{t oJiJTJtJU5EPT ¥;Jm: 
D½f!1lOO ftffi~*_-'1_124;¥0126 9'l ITT-t· ~$1'·tE~r 001tffi~*_-'1_122ss ~t3ffl:i!$ITT ~ 
t3ffl:i!$T~{icotE~B~iJLlc:r ,PJT5t~f5EPT;j0gm:nx111l001ttrl5'~*1'!124;fO/~OO{ttrf5'~ 
*_-'1_126ITT~t3ffli!$PT l1~00{tm~*_-'1_122ITT~t3ffli!$ITT 1. 25{-i"r, l. 5{-i"r, l. 75{-i"r~2 
fiHJ1--. o 
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[0140] a~@-=t h~DJA cp '00 fjjf~*:'1.122' 124;f0126P} Ll ~~~x1f$i't':J O ep 'l:'. ff]pJ §-}r5 
AW /f li=iJ ,t;ii:m(FOV);fOmlteS"J ;t§tJL fJU~D, OO{ltm~*B.122, 124;f0126S"Jf;ii:m pJ §j'js;f§x1+ 
$$iJJJ200ITTlfJiJ"11ffPJ1j~!X:liij otE~~-=tJMI1f :rt cp, 00 fltm~*:'l.122, 124;fo126 cp ITT~~ 
AA¥ 1' PT:+tlmn\Zi)Ot£* ~ $$iJJJ200RiT7J, $$iJJJ200}B7J ,$$iJJJ200flJ11J1fAA'B fl'j os?iiif OSJ:f tii1'J 
OOfiJyJ!rif o 
[0141] Jtt~-j;, ~{ij~OO{t:trn~~l'il 22, 124:fO/AA 126*ItHt<J~fl!ePT Ll ~ pJ :i&ITT ( fJLl:tz□, 
3Mtt § trS~ 3 ITT n1 m~ ~ ) , ft 1~4lt ,t· *n t53 ~ 1:1x. a :t§ x1 + $$iJJJ2 oo ITT 1Jf~Jte ~ Trill 9.b ITT x1 
*BS 00 flofJLl:tz□, a~@':tJMI1f:rt cp, OOfltm~*:'l.122, 124;fo126DJ~t!Xfl!e$$iJJJJL*~ ITT~ 
~xJ*ITT 00ft o OOfitm~*:'l.122, 124;fo126~DJtiJmn\Z~t!X£J2t~$$iJJJBSffill ( fJLliz□, 2sm, 
50m, 100m, 150m~J r) i1'J x1*11'J 00 {tL fil~-zt, 00 {tm iJ*:'I. 122, 124:fOl 26 i1'J 1$,fl!ppJ )2]tf 79 
f!f~~~OO{tM~*:'I. ( vLl:tzo, OO{iM~*:'1.122) PTl2J, ~t!Xt9x1:tflli$$iJJJ ( fJLl:tzo, lOm~ wt 
20m~) inx1*ITT 00ft, rm-!t'B OO{i:trn~~J'i ( fJLl:tzo, 00 ft:trn~~l'il24;fO 126) PT Ll~I+::Ue$ 
$iJJJ200£J2tITTx1~( fJU~n, -:kr20m,50m, 10am, 1som,~~) ITT~ flo 
[0142] tlUJii;~®':tJMI1f:rt, ~~AA$~00 fitm~*:'1.122, 124;f0126BSFOVP} AWm:msL 
vUiz□ ,jtJ=t:x1r pJ fflrtmi::k$$iJJJ200rff iiiITT IX~ITT i?fl~ITT l??l{ltmi::k*:'1.122, 124:f0126, pJ1f 
lUB"J ~Jl1f 140&ITTFOVo fJHzo, OO{tM~*:'l.122PT fflrM~if-$iJJJ200::t11fwi:tr:1fITT IX~ITT 
00 ft ,ff _fttEi3:t-¥:in-=tJMih:rt cp, OO{t:trn~~ ?r.122PT1JJ~.ITT ~Jl1fmFOV( 1:fLl:tzo, ~d> 140 
Jl'.)o 
[0143] ~ OO{itm~*:'1.122' 124:fO 126cp ITT4#:~*~ITTfii:m pJ~ I:k:r A'§El.ITT mfl!e O fJLl:tzo' 
~1 tr m fl!e i¥J tW no , xt sz 1¥1 t:.½1. tm ~~ f ~ o 
[0144] OO{ttrfl~*1'!122' 124;f0126PT:+t/mn\GJlff 1f{PJ if~ITTfii:m O a~~~JE~fJLl cp' 
lfil fltm~*:'l.122P} AW 46& ITTJ]( -'-FFOV, lfilfltm~*:'l.124P} AW23&ITT7}( -'-FFOV, ff Fl. lfil 
ftM~~iU26PT AW 1r T23!l'.JU46!l'.zJ§JITT7}(-'fFOV ofrYi~-=tvLlcr, 001ltm~lti'.122PT 
AW52&ITT7]( fFOV, 001t.Ji~*:'l.121nJ AW26&BS7](-'fFOV, :ff _fiOO{t.Ji~*:'l.126nJ A 
1f26&JU52&zJsj 1¥17}( ']1rOVotE~®-=tJJTu1f:rt: cp, 001ltm~*:'l.1221¥Jrov ~00 fltm~*ji 
124;fO/AAOOfttrfl~*1'!126ITTFOVITTb~$PT J)d. 5~1tJLl2. o otE~'B':tJMI1f:it cp, i~b~$PT 
tEl. 25¥02. 25:ZJ§J~{.to 
[0145] lUJE 1 OOPT:+t/mn\Z1!1i001ltm~*:'I. 122ITT ,fJllii:h~ 00 fltm~*:'I. 1245¥0/AA 00 {lM 
~*11126 B':1 +JJtm ~ & $ 73\.j:,fu~ fiA~Jfu.ffi: ~ o a~® -=t hlli1f :rt er , * #E 1 oo m i;i;J mh.lH:t 1, oo 
fltm~*l'i 124:fO 126 s"J ,tJ[i:hfJLl:tzo~ A ( ,WU :tzo, ~ r) 00 {f tm~*l'i 122 s"J ,tJ[i:m ~ ff _ft~ 00 {I 

tm~*it 1221¥Jfii:m~¥~~ i¥J cp 'Li' otE~'B':tJMI1f:rt: cp, 00 fitm~*it 122, 124;f0126PTtm 
~t§4~FOV, AA'-Ef PT 1i'B1i'JITTFOV$73\.j:,fu.ffi::i: oft~®-=tJMI1f:it cp, 00 fttrfl~*1'!122, 124;fO 
126 ITT:tii:m PT x1m, {t1ttx: ~FOVOO fltm~*:'1.124:fW/AA 126 ITT cp ,C,, PT 1ftrtx: mFOV*:'1.122 
s"J-titm ITT r cf.$ er 0 

[0146] 00 2F ~~0:.tf ITT ~JMI1f :r:~;tB~rJITT~fJLlt:l:$$iJJJ~tLl*i5EITT 1!!.tBit<r:zz~ o ~o 00 2Flfl -r§i 

~B"J, $$\#]200 PJ§j'js71¥J1L~;JE220, fffLJi}J*;JE230;fO~rP] *;JE240 o*;JElOO PJ?£~~AA$~ 
Jyjfrif'filf!( f9Ll:tzo, ffirl'tJ!JyjfrifITT1f{PJff~;fO/AA3c~BS~~AA$~'filf!) ri'D111JrE*;5E220, 
tLl i}J * t.ft230;fW~ ri'iJ *tlt240 cp ITT ~'1'-AA$ '1"t)H~$tu Jd 111) :tzo, t~tLlf1§ ~) o f71J:tzo, ~r .x1 EB 00 
fltm~*:'1.122, 1245f0/AA126~!RITT 00 {lITT ?ttJr, ]UJElOOP}ri'iJ 111!rL~iJE220, $LliJJ~iJE230 
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lP~rPJ ]UJE240q:I Er'1~~~~~:b[{ftt~fffH8~, ~ ( 17Llftu ,J1U1r'J:{f)JDJ! '~~ ,$mti{_tr, ~ 

~)-B'~Jf.$$iJi§200on!:~z:!7, *t]ElOOPT:fi45Z::~t § 1=n1rt*~220, tLli}J*tJE2305f-□ ti:~rPJ **5E240cp 
Bs~~wt$~1¥1$€uA, fl'i7F$$pi§200l¥J:m{t~{tj: ( 17Llfto, Jit&, $$PB200te~fffLli}J;f-P/wt~~, 
1$1$) 0 rffi ,fil~zvtlli-=it~ir004~007*t~{~o 
[0147] fto 00 3Apfr ~, $$iJi§200kf pJ ~:ti fflr 1=J $$PB200BS ~#1lnwt*~:St1il¥1 ffl ?:ti D 
170017Llfto 'fr$$pi§@ ffl cp 'ffl ?tt □ 170PT fl.:tt~gtrf !#320' hJEi.R330' ~tB.3405f-P3Z::R:Jxl.350 0 
$$iJi§2001¥J ~~lnwt*~~m 1tffl-'ffPg( 17u:tzn, fftf $$PB2001¥J~rPJttz1::wt~t:ili, 1Yu:tzn1~Hr§ 
~IP] f5-g-'f;J;rD j~i.R ( 17Ll:tzo ,{ftr $$iJi§200ITT7f lPJ :&J:-.)~' ~!=} ]UJElOO:S(lL t[~®J:JJ1h7f 
A er , ~ 52:Jxl,3 so DJ IE {ftn\G k:j J§ fJn ffi 31 ot§ ~~ o ~{bU:iH , fr~@~ JJ1h 7f A er , 001itffi~tti'J 22 
PT {v.r JBfJnit310[)Jf i5: ofr~®~JJ1h7fA cp, ffl ?ti D 170~PT ~:t§~-4'wt¥ -i'=imF ff360 
( 17Ll fto , $ $ilB 1f ~Y1 JUJE 1¥1 131 F ff ) o 17Ll :tzo , * tJE 1 o o PT fl 83 131Fff36 o ti 1~ ~ -f~ Jffi ~□ ( 17Ll :tzo , ti 
7F) 0 

[ 0148] ~ 38~ ~ 3D~ 1=j 03f ITT~ !Jih7JA ;t§ • ¥11¥17FfJH1;t§;j;JL~*1tJ: 3 701¥1 ~ 7F, ffl ;j;JL~ 
* 143 7 011/z ~ mn\G JE 1ft tEJ§ fJn m ( 17Ll :tzo , J§ fJn m 31 o) la ilIT Jt 1l m ~ $$PB 1'3 Jxl.~~ o :tzo 00 38 foJT 

~ 't~tJLic*{tj::nopJ @:t§i?fi{f tffii**·i'J22' 1245f-P126 0 l?f1 {f tffi i**.l'.1245f-Pl 26PT ;E {ft?tJ!it 

1U!z380J§Im 'Jm;1t;;J;jz380PT 1=jif.$pi§:f3}Xl,~~*f* ll '8112iM'HJln/J;J,tmR~tM*ll-1¥1fiiirtm 0 

fJtLl :tzo ' ~1t1R 380 pJ ;E {ftp\(; {f {~c!t m~ :ffil ~@cif i4 N ITT$ $pi§ 1'3R~:f/fJrm xt it£ 0 tE ~ ® ~ JJih h 
A cp, 17Ll:tzn, :tzn~3DcpWi~l¥J, ~{ttffi~*-Er.122, 124;f-0126cp 1¥1-&·tf.)JpJ;E{ft-tEit!OUJz380 
J§® 0 03f 1¥JJ:JJ1h1f AJt7fl~ rff1PJ~ JE~m1¥1001ttffi~*.l'.122, 124tri126, A-§tJLic*{4 
3705f-□~1t1Jz380 o 00 3C~OO 3ncp ~ tB RS ;t§;J:J L~*{tj:3701').lE TIITt:½1.18 RS 00 ~ o 
c 0149 J :tzo ~.ihl r:zis:03f 1¥1 :zls:1yJJsxtt::tA 1n t4 7 mif'l¥1 , xtrfrrffif BS 03f 1¥1 ~JJ1h7f A PT {~Jz tB 
tlf$~~5fP/ E!.ldl~r:fx: o1Jtr):tzo, *~~Jifr~trlHtJ:Mr *t1E1001¥J~{tt~~~~ 1!~1¥1 onl:~z:17, {f 

{PJ$1tJ:1~PT 1ft T *f}ElOOl¥J{f{PJ~3 l¥J$?tcp, H llfoJT~${tj:pJ~ffi~.i'.n\G~-f~12JJ1i:, ~ B1 
ti1~ 0 3f Bs ~ JJ1h 1f :r:\ 1¥1 r}J FI~ ti: o GSJ Jl:t , fir oo 1¥1 ¥;i m~7F 17Ll * _a 1=J 1:: oo t-t ii 1¥1 ¥;i mx* , * tJE 
1 oo PJ ~ti1~mm:~ RSrJJi'i~·t1, ffl ~:n\.tfr .+$fll3200RS Jtr]m£T-tlJt ll~ruJ@r JiJr~:n\.tfr *-B'~Jf.-+ 
$iJ,lJ200o 

[ 0150 J :tz□ r Im n!: ~ W t'He! f.iH i:1 it Fl.1=J ~ .f~ 0 3f 1¥1 ~ ir'tii1f A ;t§ ~ I~ , * t.ft 1 oo PT tJH~ 1=J § 

.i: ~JR i}J to/ AA~ #1.w m Il;/J tt::t ;t§ *ITT~ -f~ t~ fil o fJU :tzo , * fJE 1 oo PT ?t ;t[i 00 {~J;yJi@ , 1ft .i'.zJ& ti 
( 17Ll:tzu 'GPSf.fil,8 {§,~,) ,tmooixt/is,J!JiJ&tEJfP/~* § 'e1t%fr$$fA]200cp Er'11-b'wffl'r''1ixtE O * 
t]ElOO PJ4YA1* § 17Ll:tzo001l~It'l-JG120 ,{ftJ'i{$!®ff 130ht:!tB 1$wffss~ttir: ~ {~-;HJ-r ont 
~t17' **5E1 OOPT ?t1JrFlr411JllITT~31JELl1iJfl;E$$iJ,lJ200~~ @i1Btlt'l~®Z9Jft ,rlFnfrxAJ'.1 
TfOOBS'tim r § zgj*I{'l,JijfjJEl¥JZ9Jff O 17Ll:tzo' 3$$iJ,lJ200fr3GA)'.1Tt001¥1'tfm r -B'~Jf.61 '**JE 
lOOPT ( 1JtLl:iZO, JffiurPJ-=it~m*t.ft220, tLli}J *t.ft2305f-U~IP] *t.ft240q:I 1¥J~~wt$~1:z:~:t~tH8 
~) § i}Jr~$Ll$$fA]200ITT $UZ91 jJ□J!JfP/AAn rPJ oJtl:~ j;, **JDOOPT ?ttfi _p)T4'.lz:~ITTzJ&1EJt 1:z:tB 
~ 15 , ;f-P / ~ ~ r foJT41<: * ITT j;5(:J;@l¥J :SJ\. 1Jr*rl7F $$pi§~ *A~ o 
c 0151 J n1:~zv, 1=J 0:ff ITT ~!Jih1f At§ ~jit, 83 * tJE 1 oot¾f~ ITT r}Ji'fg •ti PHt ft $$p;Jg2oo*It'l 
7G ~ BS zgJ {t ~ fr $m: pg ;f P / wt t§ xt T ~ B $$WJ ;f P /wtx1~*-B'Bfl $$iJ,lJ200017Ll :tzo ' * ;JE 100 pJ 
t1uJ~¼$fA12oot§xtr ¼$ilB2001rn!:1¥J ¼m:tu1wtt§x1r5E 1ftfr¼$fA1200M:ifl:1¥1 xt~l¥1 JE1fr:, $t 

xt $ $PB 200 J1t tit~ J£ $ m Ll-tE ff Jt!: ITT~ B1 {f ffl , H ll Q[u)@ r {IA $$W3 ( l~ :tzo l,;f\ 00 Jt!:A$ $W3 
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2OO:fTJt!:Et'J$i§:cp Et'J$$jjj;J)*I+Xih{t O ¥Hr' ]U5UOOPT-r~*Ll$$W]2OOtE::f[P]t3;,;_ ( mftu ':1§$$WJ 
20 OJt1: :fr ~-r~ st ) r s<J :i! !l'. 0 ~ tJE 1 oo m Jt1: - zv ¥111 $1WJ 2 o otJ 1i mr * s<J iJJ 11=: :~t~ ~YW ~ t3f * 
$WJ '* _§_ -B'B!L $$W] 2OO{fzj~~ § ;j:jf, $$WJ O r rnf r}Hj¾~ T * m 100 Jifiri{j¾ ITT :1§-1~ ~ JJih 7J A ITT 
1l1Jf1Hlli11 o 

co152J 111JJfiI$AA1it*fJE 
c 0153J ft□ -1 oo Wit 81.J, * mi oomtim1:t ffl $ t§tJL*tJE81.J ~JRiJJ$m MrJ'J,rnt:1:o $ t§tJL* tn m 
~ffl~~$m~ru~~ITT -~AA$~fflmott~b~!Jih~Acp,$fflm~~PT§ffi~~$ 
$WJ1~LlooAA$$WJFoooITT-~AA$~t§1JLo tE-~J:JJ1h7JA cp, wLl~o, *m1OODJ 1f ffl,x3Z;t§tJLAA 
fi*tJE, Jt cp *-t§tJl:fo*=t§tJL ( wLlfto, 001iffi$ttt'l.122;fr1124) DJJE1fttE$$ll§ ( wLlfto, $ 
m2OO) CBR!Tffi :frl/AA{~ljffi o*-t§tJLCBl~tm pJjc-y ,IJ\r*=t§tJLCBl~tm, AA~ ~*=t§tJL 
s<Jt~t3;$73'-Jth~~ o~jf- '*-ffitJL pJijJtJ 5U*-001i'.\1llff, LlrA1T*-t9tJLJiJrrJt{j¾ITT 00 
m81.J$moom%~,#llM=fflmm~~~m=oom&1~ff,Ll~:fTM=fflmm~m81.Joo 
1iITT¥§lz~fi%tfr oM -~1i'.\1l_!~gcfoM=~ fi'.\1l_!~gcs~$Mtrt±:l ( iJLlftn ,'.\1lIJ5ITT{1§,@,)PTi'.il 
~ 0tE-®J:~1J:i:\cp,ffi=OOm&1~~PT~~*~ffi-fflm~ffi=fflm~~ITTOOmLl~ 
1T 11. ft½'-tfr otr:~-~~7J:it cp, *f]ElOOPT f!ffl -~t~tJLnx1J*;JE, ~ cp4ij1'ffitJL:l:)JJl~::f 
[P]s{J~~0~~,~ffITT*mPT£rhA.ttr~mruoo~OOoo~~ITT*~~~'.\1ITT~~ffl~ 
8~ {1§,@,{~~t±:l?~ JE ori¥U$§e!001i?J'-tfrPTtlftt:t-¥-l'r:J~1!7Ll, ep: ~r M$~~m~ ,~ ( 1!7Llfto, hA.$~ 
t§tJL)ffi~ITT ~1i*tA:fr~1i?ttfr 0 iL 1t~1i?J"tfrPTt~3Zt+ITT~i5Ll, ep: ¥r J:tj ~1iffi$t~ 
~ITT-~AA$~*~ffi$tITT~~AA~$~00•*~:fTOOm%~o~~.~r~fiiL~OOm 
*~~-ffi$t00.aj§m*~Ll~~nffi$t~OO-:mffl~~AA~$~::f[P]ttI,hA.::f[P] 
Bs *~ tm , 11 m ::f [Pl ITT~ Ne , ta~*~ ~1* ,@, , lr/J, lr/J, 0 
[0154 J {71Jft□, {£-~~nfu7J:i:\ cp , *iJEl OOPT ~!Jfu {t ffl lfil 1lffi$t*I 122-126 ITT~ ffltJLttJ 
J1i:otE3Zt-¥:ITTtlilJ1i: cp, 001iffi~~I122PTri1j¾~f~:l:h( wLlfto, 34&, Mm g t12o)l'.JU45!3tm 
ii BS ~b11l .~~), 001i.Ji$t*I121nJt}Hj¾7}[fJU3J( wLl~Q, 15O&AA~ § r-J 1OO&¥Ur-J18O)3t 
mil RS~E{!l) ,# ll001Jffi$t*I 126 PHifj¾cpfsH½1Jm( wLlftD, 46&AA~§ tf.J35&¥Utf.J6O& 
mil BS ~t'.11) otE-®~JJ1h7JA cp, OO{i1m$t*l'!l26PT 11=: JJ.i:t§tJLAA.i:J!t§tJLo OO{i1m$t 
*I122-126PT;E{:V:tEJ5t~tl31O}5oo# Fl.£*-1#fl~JE1:V: ( WLlftD, 6cmfs]~~) oJtl:-W, tE­
®~iffil1J:r\'.: cp, ftol:. rnH-f its{], 001lffi~*I122-126cp s{J-~AA$~ pJ~*1±~$m20O 
Et'J 1'3 ~ ~ ~ 1Pf Et'J JJE :ft t& 3 80 J§ oo o ~ t-¥-Et'J JJE :ft PT ~:it* § $ 17'J Et'J 1f 1nJ l~Jt x1 0011 ffi $t *I 
122-126:ii!i:AAB<J ~~fuJ ~¥:.¥Hlf~ o 
co155J tE!H-~JMI:n:r\'.: er, :tz□ -1 ooia~oo 3R;fo 003cWiiRS, iu~tmt§tJL ( wLl:tz□, -1 oo~wLl 
cp BS 00 fi1m$t*E. 124) pJ :;(*1i1~r ~ITT± t~tmt§tJL ( wLl :tzo '_t 00~wLlcpITT0011*1'!122;f P 
126) o i~ttJm PT1¾ij¾* § JJ[tltmt§tJLITT § 83 t~~ o7'l T ~,J> &lt, t§tJL PT ~*1i:tiJli¼.$ll§ 
2OO8{]13Jx\,~~, # 1l PT §:tj§;t§tJLl:.ITT 1®:ft:ff ffl Ll :J:qJ$~&M:ft o 
[0156] ~ tBtJl*;JEPTt¾1Jt~®tl:FJ~~tl:o WLl~o ,-®~inh1J:r:~PT§1js~QrFJ~fJ: ~r jj­

i'§ ;jy LBS tft 1])1~ ;j1f * * ~i ill- ~ t§ tJ L 'Bf x1 x1 ~ ITT tft wiu O tE _t TIU w i~ ITT - T§ ;tJ L 11:J :ii!t cp ' '.\1 ll. JG 
llOPT §:tj§'fJLlfto -'i'"'.\1:fl*E. ( wLlfto, :tzo_t ooi-fiiITT, - ~EyeQ*fLl ITT'.\1:fl~~ J-,), {ij~'.\1 
lEJ!.*I:l:)J~ fflr'.\1lf 83 001IM$t*I122-126cp s{J-'i'"AA$~M$tITT 00110 
[0157] fr~ ffltJL*;JE cp 'ffi-)1ll*R PTtl45nl~ § .i:t§tJLfP ~t~f:mt§tJL ~%ITT 001l' * 
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_§JA ff~ FOV tBtJL Er'l fl,[ '9tf: ~:fl~ 1YHurr&1~U ~ B $$r!3, ff A,$ mti-t~ , ic31Mi-,t; , ic:® '.IJ ,& ~ 
Bm~~*·*-W,ffi-~W*~PTit.±fflm~~fflmITTOO~~OOITT~~~~*~~ 
7!$$j!Aj200ITT3:~JJ!ITT - ti_ffi:fi9 .r&Fo, ffi-~fl*'I.DJ~4-ti_ffi:;J,ij E=J-titmOO~xtitliir-, AA 
~~4r~-fflm~ffi~tt•~~-ffi~mir-. 
[015sJ ffi=~rl*'I. PT11410lt § ±tgtJLITT 00 fiH _§JAlI*l'9tf:~fl 12),ffti~U~B $$j!A], qT 

A,$mti-ti ,3t:®ti-.=t,3t:®'.l:T a~Bm:iix1*· jjJr, ffi=)(tri~~mtt•t§tJL11~ '* 
~¥+~&~it-~~OO~~OOITT~~~~H~J!~~ITT-~_ffi:~(ffl~,*ffl~~ITT~ 
~) .m=~rt*'I.DJ~4*El ¥r~iJJITT-tit_ffi:~ITTta~2tJEIUm-~ri*J112J,~iL. 1;z1s:­
tt 00 fttliir- 0 
[0159] ffi ~ ~:fl~'I. PTtl4t * f'i ':ltFOV;t§;j;JL~ 00 {IH _ft~:flpfr~ 0011, ~J {ft1~IJ $$r!3, ff 
A,$1flt1J\f& ,5cjffi;j,~,=t ,5cjffi1J lk~Bmlf%x1*·ffi- ~fl*JlpJ *-W1A1TtmYr~fl1§i 
~~ 7:1'-;j;Jr001i*iQ11UtEOO~ cp~i}Jlflx1*, ffi1ZP~mlfl$$r}J, ff A'~~. 
[ 01 60 J fr -® ~ JJili 1J A cp ' 11 ¥ r ~ 11 ITT 1iL'~Ufrt 1Bz Ml iL :1:tl?. M $t * ~ rt pJ t)H;tl; : :t¾ 1;1:!; * tJE 
JC~ 8~ tJL~ 017Ll im ' i3: t¥ ITT JC~ pJ 'el, 115 : 11 ffl m- 00 {tM $t*'l. 5f P !Ai~ *R~ f_[[ ITT 001112), !}~ 

iiE lP /AA~ r ft:® tlM i3tH )(t :f_flj_ ~ d> * § ffi = F!-111 M i3t ~JI ITT F!-1111;; ,@, mf i3t1~ ITT 1;; ,@, • 

co161 J a-JJ:~~JJffi1fA er, *tJE1oom 1fffljlij,t001tM$t*'I.( 17Ll1ZP, 001tM$t*J1122;fn 
124)*7'J$$j!Aj200t~1;1:!;~BJ1JmM ,H _ft 1tffiffi- 001ttrn$t~ ~-( flfLl1ZP, 001ttrn$t~ ~126) ~j 

t¾1;1:!; JC~* !J~ iiEfA ~ B pij ,t ~ 11 M $t*_'gJl 4~ ITT JyJM ITT 7:1' tfr . WU 1Zn , tti3:1+ ITT ;J;iJ :ii!t er , ~ 11 
M$t*'l.1225fP 124 pJ-j;J *;JE100ITT iL. 1;zfs:7:1'-;J;Jrtl1j¾OO ff i2J,-@Bn.$$j!Aj200, mf 001IM$t*'l.126 
PJ-j;J*tJE 1 ooft(J•~~7:l"ttrt¾1;tJ;OOttl2J_t¾1;tJ;JC~*JJntill¥r -"AOO ft1m$t~11122;fri1AA00111m 
$t*'i!.124tm$tITT 0011 TTiI$t1iITT {§ ,@, 0 ~n' 001itm$t*'i!.126 ( ,&x1 MITT~lE[*J!.) PI1BziAJ".1 
t¾1;J:l;JC~-=f *tJE, ~:JJ¾1;J:l;x1 fA001JM$t*'l.122;fr1124fiiUITT 7:1'tfrs~~1"f C flf1J1ZP, tt1;1:!; § ~ 1~ 

~ fffLli}J (AEB) **JE). 
[0162J 4 ~iJJijU:z#A ~ ~4r:JHQIU, _t 00 ITT ;t§,tJL¥;J:ii!t, ;t§fJLJJJz:JI, ;t§fJL:&x § , ;t§,tJLtfil,Q~~ 
&~~ffl.i3:®$#Ltffl~r~~*mffl~ITT~B$#ajffl~Hffltt~#~~~:ii!tcr~~ 
~~0HITT~JJffi1fAITTffi~.roo~~r~fflm*mITT~ffiITT*-wm~,ml2),mm~~ 
lnm©lWIAA § t:¼$j!AJJ}Jj'rg•~~L 
[0163] 004~~ 0HITT ~JJili7f At§-jjz:g~ Zffi,lff 140;frl/AA 150ITT~17Llt'tJ}J~~moo, Zf{it ff 
140;¥ri;JJx;1somfffit/ffit¥ ff mr tAff-,t· !lX ~'4'~1t l'r''l 1§/~. 1nrt12J, r ~-@: ~nff fitff 140, 
{g~*®!~tt#AJn)l4£JHR.¥U, m4-pJZffittEt¥{itff l40;frl/~150~. 
[0164 J 1Z□ 004Plr~, Ztfitff 140PTZffit -g~ 00 ff7:1'-1Jrtl.tk:402, iL {;zfs:00 {f7:1'-1Jrtl.tk:404, i111 
;fQ JJP i111 ;j;j)~406 l2J, ,& -B'flJ'I)l(oJ i_llZ,rj)}(408 0 0H ITT~ ooi: 7J AH~~~ T {f {iiJ ~ IE ;j;tj jg g~ ff {it~ 
140. *--ti;;, J11i ffl~:EEJ!_ff 180;fW/~001t~rE!1_ff 190PTtAff t¥{itr1'JJ15tEt¥{itff 140cp ITT {f{PJ 

tltk:402-408Zq:I ITTt~~ ·*1~:IF;tJi#A~i4fJ.fij~, ~ r ii ~12;-cp x,t ~fJ.J'j'LJGl lOITT 51 fflpJ-'¥ 
~:l(JJx;j¾~ t-fu}§i }_lllffl)ltflfil:: 180;fQ 00 {f)l):flfil:: 190 0 ~ Jlt '1f{nJ 12), r iif¥ITT W#IPT rn-,t JJx; $ 

t-~fJ.*l'itAh o 

[0165J tE-'4'~JJffi7f A er, -g~ 00 {f7:1'-1JrtJ)}(402PTt¥1i-t1§i~( m1Zriit.i-JL*l'9tf:$/tf4), ':13 

EB ~r,_. JG 11 MA ff St , ~1~ ~tAff EB 001JM$t*'I. 122, l 245fW 126z-$t !{)(!¥1-~~-0011 ITT 
-'¥ ~~ 00 {l ?t tfr O t[-®~!Jili7JA cp '~rJ.-'¥ JG 110 pJ ~4* § -~ii 00 fl B~ f§ ,~, ~ tm y[, ITT J® '% f§ 
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,I~, ( 17Ll ftu' * § ffi':iEEt':J {§ ,@, Hfiir' ~ 1A1T -'¥'.§~ 00 {j_ 7:1\.1fr O ftu r 00 t6 ir 00 5A~ 00 5DWi~Et':J '. 
§~ 00 fi1}:1-Jrtl~402PT EtrS ffl+:1-&1YiU-tliOO {j.pg s"J -t1i~1iE ( mft□$JH{Jf1G, $$jlij, ff A, jg 

ffe4H5f .'t, r§'J3i0N4HB D ITIB1Lx.:®1J -J'~J~xJ~bt ~$WJ:EfJi~~s"J ff1PJJt'tW1iE) ITT=t~4-o 
4 r r1t 71\. ttr , J~ tJE 1 o o c 11,1 ft□ , g:5: FR ~:ft• 5G 11 o ) PT ft* m 2 o o 9'l r 1-: - 1' ~ ~ 1'-@± HJr.rifnl A. , 
i1'7i·ft□~~ ,$m;f@;1ft,:uoi!lir3z:5~, ~ ,J!ftroota*-@±~Ji:oru1mtJ~4osi-ti'~ o 
[ 01 66] ft - '1' ~ ~ h A 9'l ' iL 1t 00 ft )J\. 1fr ti :f:R:404 pJ ff {it 1~ 4-( ffi fto-it .. 1JL l¼1i 1lt tx ,f tf: ) ' 3 
EB ~:r~- 5Gl 1 MftAr □t, ~=t~4-1A1T:®liJ& § {f{PJOO{itflHf*l'il 22, l 245f□ l 26ITT 00 {tUm$t 
*mITTffl*®$t!t£ITTffi-ffl~ffi=fflOO~ITTiL~OO~*~otE-®~~~:it9'l,~~-5G 
11 ODJt4* § *-ffl5¥□*=ffl00 {iITT {8 ,@, ~t]njr~'.% {8 ,@, ( 17Ll~o, * § il'Jb B~ {8 ,@,) ffl*, Ll 
1A1r iL 1t oo 1t:5Htr o 11,1 ft□ , iL 1t oo {J71\.1frtt~4o4 PT 'EL=tE ffl r 4 r oo 11MiJ*m124iJit£ i1'J 
*-t!iOO filDOO fim$t*m126$tlt£ITT*=t!iOO fi*tAfriL 17f':00 fi*tfrITTt~4-0 ~□ roo ta 
* 00 61~ ~ ITT , iL 1t 00117:1\. :tfrtl :f:R:404 PT ft =rt ffl r :1-& iNU * -t!i5¥□ * =t!i 0011 pg ITT-ffl ~1iE 
( mftn$il~>t5f-ii2 '$$jlij' ff A ,:i1H4H5f .:t' r§'Ji! 0 ii t±:l D IT!im ,x_jmj:J 'm;~xt~ '~) ITT1~4-0 

¥rrlt7J\.1fr, ~:f'I\-'¥'. 5Gl 10PTft$fr!Jj2009'l r":h-'1'-~%'1'--@±JmO!rTIB\L, ffi~D~~ ,$:i1tft{ir, 
no i!Ji'. i;13z: ~ , ~ , 13: ti: r oo tr1i 1r-@± J~Ji: ofnl @ti~4os wit o 
[0167] ft-'4'-~~~A 9'l, i!)iln1Joi!litl~406PT1¥{it;jqm~7J\.1fr j)\ tp.$pij200ITT-'1'-wt 
$ '1'--it .-:1-JL ~~~Ji y/1[ ITT ~Hfrif ITT $x {tf: , JiJT~ -it~ tJL ~~~Ji iiJ m 6X.i)({t $$pij 200 ITT i!nt 5f P / 
~1Jni!Ji03(~ o'WLlftn, ~:£l-'¥'.5Gl 10PT1Aff 1=Ji!)i5¥□ 1Jni!oct$t~406~~ITTt~4-, Ll¥r J)\;fj\, 
1-f-'¥'.§R 00 fJ7:1\.1frtl~4025fP/~iL 1tOO{J7:1\.1frtJ~4041~iLlITT ~Y:ti*-it~$$pij200ITT § t5fi! 
&o'WLlftD, i3:t¥:i¥JlY:t!rif PJ'ELt~: f=i 1Jf\{ftm ,J!&;f□/~1JO:i!&; $$pJ;J200;,t§xtrili:'!ff-$$pJ;J, h A 
~mN%xt~ITTfir'!.:fP/wti!JJr: $$ixg2oot§xtrmiis~ $mti-icITT1ir'!.{§,@,, ~ o yj)'r ,~fl 
-'¥'-5Gl 10PT¥rlt~ttuA( {fi)fto, * § 'i':iEITT {§ ,E;, );fP* § $$iJJ3200B"J :1t'8 *tJE ( ~fto$$iJJ3200 
B"11HlrL~tn220, r\fLlih*iJE2305fP/~$~rtJ **1E240) ITT$tuA7'HtJf$$r!3200ITT § ti;!&o¥ T 
-it~t±:l ITT§ tii!it, :~t:El-'¥'. 5Gl 10nJrPJ $$ll§200ITT1HlrE*~:fE220, r\fLlih *;JE230;fP/~~rPJ *;JE 
240~i!~ -1'{8 ~, Ll:®li'WLlftot&J:EIN* 1< r\fLliJJ:ff~1tff $$pJ;J200i¥Jho:i!:H t<:~ER~:i!&5f□/~ 

1Jo i!!Jr ITT eJI: 1L 
[ 0168] ft-'4"-~ JJ!h ~ A 9'l , -@±J;Jf[O[uj )_lllffi:f::R:408PT1¥{it pJ EB ~:EE!1.-'¥'-5Gl 1 MA ff ITT $x {tf:, li ¥ 
r ;;_1'JH~ 001l*:1-frtl~4025f□/AAiL 1t001l*1fi1Jm404ITT1Aff1iiLl B"J Jx1E7'H~JEJ~~ WBJt 
Qru] J& 0 ~1-¥ Er:/ :jf~jfrif pJ EtJS-½ Jli'!ff $$pJ§ '1T A5¥PmJZ. x1~*~B1:J {ftmlPi!it {§ ,@, '$$rJ;J200Er:J 
§ 1JfilL_E.{§,~, ,~o :!tHr ,ft-®~Jm!~A 9'l, -@±J;Jf[O[nj@ PJ ( 1i~JHt!!~3'E~tt!!)¥rtt!!OO~tfir:, 
$$jXg200 i¥J tITT!E {ftlt:fD/~$$jXg2001=J JJ\-'¥'. g~ 00 fj.7:1\.1frtl.tk:402;f□/~iL {t 001i*1fr1J,tk:404 
s~=tA1r rru:1-&1NUITT-'1'-~%'1'-xt~z.JRJ ITT t§xti!&~t§xthoi!JJr o -@±JmoroJ mtJJ}(408:i2E PT¥ 
r !® 1lt ttu A ( 1f1J fto , * § ffi' :JE ITT {§, E;, nu * § ¼ $iJJ3 2 o o ITT Jl B * tJt ( m fto ¼ $r!3 2 oo B"1 1H1rt * tJt 
220, $Llih*iJE230;f□nr/:D **JE240) ITT$tuA*Wf!JE1J1~-@±J¾Or(D@ o¥T Ji)r J£1J]~-@±f!Jt0r(D@, ~ 

:El-'¥'.5GllOPTrPJ $$iJJ;J200ITT11¥frE*;JE220, r\fLlih*f;E230lP~r/:D *f5E240~is~ -1'18~, Ll~d!~ 
~J1m-@±Btoru1@, 17Llft□, :®u{f $$p,1;J200ITT~rPJ il~iJJ Ll~:fJlffiAEJH &nfE~ oft-®~~~:rt 
9'l, ~fl-'¥'. 5Gl 10P}{~m WBJi:OroJ@tJJ}(408ITT$ttr t±:l ('WU~□' ,Am-@±BtoroJ@ ){f )~$tu.A' Ll 1A1Ti1 
Ji tu 1Joi!liffit:R:406*-it•¼$r!3200 ITT i!li~t~ o 
[0169] 005A~~ t±:l 1=J03f B"J~~~:r\'.:;,t§-jJITT fflr¥r 1¥§~ OO{i*1!r*r1-:-'4"-AA$ 
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,t-S,~1[n[n) 5'213':J 7T,{7Uft.d:f¥500Ai't'J ¥liU¥00 o tE-;v#J510, )(t:fl• 7tl 1omt2 E±L£tfl• 7tl 10-½ 00 
fi$t!:fx:• JG 120:zJ§J s{J 11zJfir::tl D 12s:tf4y:$1"0011 o 17Hm, 'filtJStE 001i$t!:fx:• JGl 20 c:r s"J ;t~HJL 
( itft0Jl~ti.lp;202ITT 001iffi$t~J1122) DJffi$t$$rJJ200ITTMrnf ( 17Llfto, AAR:$$rJJITT f~Llrnf AAJ§ 
ffi) ITT 1K ~ITT~ 1" 00 {tJF _§J& lttffif ~ :ti ( ~,J fto , It~ , ~ £t , u Slk~E ~ , ,g[ ?f , 1;$1;$ ) )I# 00 ittz 
~iLl)Z):::El• )L;l 1 O o fr!P#l520, )Z):::El• )L;l 1 om1A1T •§~ 00 fi?J'-tfrtltk:4021;:J,,frrfr$,t-001i, 
13:tErOO §:aif 00 5B~ 00 5DJtt:~$tf.teltil~J~j£ 0 Jffi.d:tA1T pfr5£n'-tfr ')Z):::El-'¥'. 7tl 1omfft~~U~§:ll 
0011 ~ ITT §:!! ~{iE 'mftn $mti-iG, $$r}J' 1T A' mN4Hi-.:t' r',3'! JI 0 N4HB D lrti.m, Y:Jffi1J '~ 0 

[0170] fr!P5l520, )Z):::El• JGl 10:l±DJ;fAfr .§~00 fi?J'-tfrtitk:402Llfft~Ll ;g_;f~mN!m~.&-, 17Ll 
fto, T$fi{~~ITT~$n'-J!~mITTmN!ti-.:t ,MiJJITT1tf:t7J _;J\i}Jim, ~ omNtmll.&-DJ~~t7tEta~, 
71:; iit , * 1} :fri tYl B r. ITT ~rt 1-t , m ff~ 111ft 1~,113: :r-¥: ITT mJi 1! J=l ~E ~ ·t1=L tE ~ ® ~ ifffi: :1f .rt c:r , )Zr £l 
• )L 11 0 m tA 1 J J'1H~ 00 fin'- i'fr tl tk:4 02 ' Ll xt $ ,t-00 fiJtt: 1J $ $!1l ?J'-tfr * 1ft i~Ll )11&% m ~.it O fJLl ftQ ' 
)Z):: :El-'¥'. 7t 11 om 1ti • ~ ~ 0011 $'1r zJ§J ITT 1§ tJLiE i}J , * ll it• $'1r zJ§J ITT 11 ~ & Ne ~ ~J ~ iiH% 
ITT-§:{t:l:fu~ o?tJ§ ,)Z)::ll.JGl 1omf!J=li -§:{Ht!?.~ *ffti~LlN%ffi Lllz1¥tErN%ffiJ:.::trITTmll.it o 
co171 J tt!PBJs3o, )Z):::EI• JG11omtt~1r-@flfr.nfnl@1Jtk:4os, Ll~r!PBJs2ott~1r ITT n\.tfr Ll 
Jzft□ J:. oo tff 1f ~ 4Wii£ ITT tt#*f=1-:$$r!J200ITT ~1'-AA~ 1'--@ J~fr.nfnJ@ o ~Ufto, -@J~Jr.nfnl@m B 
t2i~~, if-m~1ft ,1JOJ!&r3c5t, ~ oft~JJ:1;.~ifffi:jf_r\'.: c:p, )Z)::f! l'j§. 7L110m 1!fflJ)JA1TJ!&tn 
:/Ju JIN tl:f:R:4061i .¥Ll ITT I:Hii5 , ~2), f= "t ~1" AA g; 1"-@ BA nfnJ@ o ¥Hr , g; ,t--@BJL nfnl@m ~ st , JIIVWz 
AAt~;l:tfffiiJ§:llff rm1:z1-: ofJLlftn, )Z)::ll•x11om¥31:f!$$r!J2003t~ --t $m, f!tJ§:im.d:fJUPn IPJ 
$$rJJ200ITT~ IPJ *;Jf.240:frl11iJiE*;Jf,22of&{'jz')).~:t~tLlfa %*:/Joi!o ~1~t-fu, )(t:fJ• JGl 1om 
i31:f!$$p;lJ200tLli}J, ~ StJffi.ct: fJUfto 1P1 $$p;lJ200l¥JtLli}J ~~230t□~ 1P1 ~§:Jf,240~ st tz~:t~tLlf§ 
%*f15tiliL 
[0172] 00 5B~7T, t±:11=3 03f s"J ~iffii:jf_r\'.:;t§~J,/z:ITT fflr#r.~U~§:~. 0011 c:p ITT ~/j'- E1-¼$ ,t-$$r}J 
to/ AA ff A ITT 7T, fJH"i: J1 f¥ 5 o o B ITT iliE t¥ 00 o )Z):: :fl• JG 11 om 1A ff• §~ 00 fi ?t tfr tl tk: 4 o 2 Ll ~ JJ1E 

Ll:f¥500BotEW#J510, :)ltfl• 7tl 1 OnJ,j'iJf!5t*7T,nJFJ~ITT $$rJJ:frl/AA1r J-.s{J~~ll 1rj;l&x,f* o 17Ll 
ft□, )Z):::fl•JG 11 o PJt=im~i'AA$i'001t, ~%foJTJ£oo ft1=5~i'AA$i'ruBEOO~ttti&:, * lltE 
~,t-00 ft~ i9'jJ1JpJ 'EL 13-~yixt* ( 17Llfto, $$j)Aj, 1r A, AA:1t~$n'-) ITTPT~~t-fu,¢,\ o fmJEOO ~PT 
*~~J~ r',3'! rt$ "ffiiJnrc:r" :fW1~ t:~$ "*nrc:r" 13:1¥ITT:1f.r\'.:*i&it O WU ft□' )Z):::fEJ1 .• JG110m{i± 
ffl1=5ffi~OO~*~ffiITTffl~&*m~~~M**~PT~ITT$ffiAA1rJ-. 0 ±3:~~PTftW)Z)::~ 
• 7tll o~&*nrc:r ( 17Llftw '* i9'jJIJ) *7T,$$iJJ;J~{T AB'J {r)t~xt* 13':J t!!f 3¥ 0 

co173J tt!P#fs42, )Z):::fl•JG110 PJ.ct:1J!t13:~§:ll f~:l&xt~Ll¥r5}~tJflit*tl~~i~®f~m 
( 17Llfto, 3c~AA7G *;t§~l¥Jxt~) oi3:t¥1¥Jti-al:PT J).1=3t¥{it1tEJyJ@W ( WLlfto ,t¥{it1tEt¥{it1:H:140 
c:r s"JIY:1/isW) c:r ITTxt*~~~~ITT*1~~'ti1~.¥Ll o~·t"l:PT'filtJSxt*%ift,R-t ,~ti!!, ( 17Llfto, 
;t§Xtr ¼$r!J200ITT )1ftjl '~ 0 EB .tit' )Z):::EEJ1 .• JGl 1 om {if'. ffl~§:~ Eix.$t~ti-fl l:l, tP~~ * § ~§:~ {~ 
~xt*ITTffl ~f~nL 
[0174] tEW#J544' )l)::El• 7tl 10m 7:1\.,ffr 001iITT $,t-$!1l, Ll ,pjfj5E~r_fl {1~:i&xt* 41 ITT xt*~ 
~ *7T, $ $p;l] to/ ElX h A O fJU ft□ ' )Zr :fl. JG 110 p J ~~ ~ 1;t ITT $!1l )[Z ]E~ M3f, 1BZ 1ft i~H~mxt ~ * ll lR 
~£51Rffti~Llxt*~~ITT~$vtIY:1/is( 17Ufto 'j(ij\ ,;t§xtr $$jl,lj200ITT1ftl'I. '~~) 0 yj)'r ')Z)::fl• 
JGl 1 om 1t•t~~1~Uxt*ITT ~111:JF FIA% xt* ITT ~$1)11ftlllttJi1f 1=5BrnHftJlt:~tx: 0 

[0175] tEWBJ546, )Z)::llJ¥JGl lOPTti:J~1Rt-&1~Llxt*s"J~~ll1UiHa * ofJLlfto, 13:1¥:ITT iUS.ta 
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* m ~-r%--½+ttt1mux1**~i't':J ( tBx1r$$j,!J;j2OOEt':J) f:v::'I. ,Jt1t:foJ10~1tf1Lfr~®~Wi:1JA: 
~ ,!ZllM•5Gl 10PT¥+ l:J, rtl#*~Jt1yW;J;t;;~: ¥+f~•tt#ftffl~ *5Ll¥+Bti'sJS"JxJJ 
~( it:tmT3F~1m~ttElJZ~·t1=1JZ1~•(LQE)); ;fo/QJZ¥f :;f fBlxJ*~~ ( 17Ll:tm, le$, T$, 
tr A, f'i ff $,m1Ei1i~ ,1;$1;$)ITTPT ffl§ttl~t~oT~~im~~PT 4rx1*Rlim1m1J_mte 
* ':lt~ R)JJmtiHa*!5~~:~lf:61tiITTRtfsJ ( 'fJLl:tiP' $$j,!J;j2OOiLlJt:x1*ITTRtf§J_S:) nxbr 'fJLl O EEJ!t' 
;®jjJftA-f-ti5-#JR54O-546, !Zill-'¥'. 7Ll 1OPT iQj]IJ t±:lflJilifr~§'ii ilfttm~OO ft 1:kJ 8{] $$j,!J;j;f0ff A ff_§. 1~ 
#Ll!5 $$M;f0ff A*~ITT{§ }~, ( 17Ll:tin, 1:v:n --~lt ,jclj\) o¥+iRf5iJ;f0:f##iJ s"Jf§ ,~,, !ZlJM•5L 
llODJr,t:!_:_$$j,!J;j2OOi¥]~'4'-ElJZ$~~Bf[O[njf'Z,~fr_tffita~005AWiJ!o 
co176J frivJJJ548, !ZlJl• 5L11ODJ:rP-1r~~ElJZ$~OO fts"J7UfrE?J\.i-fr, l:J,~&tt1mu "fflmm 
~,, ~JlSbKm~¾~$ffiQJZff Amf~J2]xif*ITTtl!5t*oftifrt5HfrPTtl'gm ~, -WU:tio, 5Hfrt§x1r 
!5 :lt 'f:: $ $j,!J;j to 1T A*~ ITT ~'4'-wt$ '4" 00 ft~ ITT$ $j,!J;j 2 oo ITT iE~JJ 00 ~ , :# _§. fR 111J r JE% 00 iE~JJ o 
!Zill-'¥'. 7Ll 1 OP};®jjJ!JJ~N~~~~001t~r1! ( fr7f' fBl ITTBt rsJiJttm~) ITT x1*8"J 7G fBl 1:v:~*i+ • 
{~½tx1 * ITT iEZ9J O !Zill. JG 110 pJ 1! ffl 1:v:Ji;f00t j's] {111 jg ffl rit. {~½tx1 *iEZ91 ITT~'+ t~ 
,Wl B"J rtu A O ~ Jlt ' 7t it 7]\. tfr pJ tJH:f¾ tt 1mu fr$ $W] 2 00 Qi 'M ITT $ m ;fo iT A ITT yj ~ 1~ 7J ~ 0 !Zt lj. 
JG 11 om !5 iv !JI s4o-s 46 §'ii 1r *1A ff :Yt 1k 5f tfr , jg tt 1m~ $$M :fo ff A:r¾ 1~ JC~*_§. tr;"/ :no* tJE 
1OOITTPT3t:L 
[ 0177] 00 5C ~~ t±:l !5 0 3f ITT~ JJffi h A: t§ ~i~ ITT ffl rtt~mu~rn 0011 ~ ITT JE%1i ;f0/QJZ $iliJL 
fiiJ{1§ .~,ITT~ fJH':Ui ti 5OOC ITT ifrt ti~ o !Zill• JG 11 o PT tA ff•~~ ~ 115f 1frt~~4O2 l:J, ~ JJffi jj:;fi 
5OOCo friv~l55O '!Zill• JGl lOP} JffitH3fo1i~'4'-Q)($'i'-001t*ttimu~tiix1 * 0 jg T 1&1mu~ ~ 

$m1J[\ic,$mJLfiiI 11§ ,\tt&:lt'f::t§*~*ti, !Zlll•JG11 o PJ tt1m~§'t1.x1~ l:J, ti~~i1iJf!J£x*i¥J 
~®x1* ( fJLlfto, t?:v'l!zITTlJGl!, 11\~ ~ ,~~) ofriv#J552 ,!ZlJI•JGl 1OPT~~iv~55O~1&1mU 
B"J JF.ij T t§ [BJ fiti .9-Q$mti~ ITT rx: m5H~ ¥Ll ~)EQ O ¥ri~ 5:H~, '!ZllEJ!,. JG 11 OP}~iL*~1<&:~ 
19l~IR@:ITTti~, it:ti□ Jx"¥:ti~ 0 
[0178] friv#J551, )l):ll• 7Ll 1 OnJ ¥;J ~ !5Mz>l1U91U IR@:*~B"J ~tii 19l~!iHa * o fr~®~Jlffi 
]J;i:\; ~, !Zill• JG 11 Q PJ glJ~i1t:tt19J~ [Rj§Q)),00{1 'f TiiJ [P] f,ffi~tlf:J'f-'f TiiJl¥J:J'Q:JJo it:t:9:~ Pj{3:'.ttj * -g;:rfflA:**fiE, it* - g;:rfflA:Jl~xt@rtmJI~li( ffi:ti□ 1:v:J'I. --~4EI, as $10Mz:tti9l~m 
fi B"J as $flr4) ITT *111: ofr4nxN~S1, !ZllEJ!,.JGll OPT~ $ft%00~11:~, ~:J.1St!5¼$j,!J;j2OO*~ 
s"J fJTHllJ totJ:t! ~ $ o yj j/, , !Zlll 1¥ JG 11 o PT :®tt 5:HJi-11 fr r ~ 00 _l ITT 1:v:Ji to lEi}J ~ ~ *J!: ti 
i!:U1Hi.r'§'J oJtl:~iv, !Zlll•7Ll lOPTJffiufttu*~~~$~00{i~ Et':J~m~tiE,~*1~~--½$$j,!J;j 
2oo*~s"JfJTHllJ:f□tJ:t!~$0 

[ 0179] friv ~1556 '!ZlfI• JG 11 OP} JffiuvLl ft□ fti~*~~J!JT-100 fi~JY R"J iitt191U lR m Ll JSt,fQ~ 
!5 ii tt i91~ lR m* ~In~ ~vr ~x :t!is * :tA iT $ ~JY 7]\. tfr O fr !Zl JI• JG 110 :tA iT $ ~JY 7]\. tfr st ' fr iv #I 
554~~ITT~§'~,191~~~* PT~1~£PT3# FL!5£r'§'J ITT1'if87-K~*~o EEJ!t ,Jffiu1AffWJJI 
s5o-556, !ZlJI1¥JG11om iQj],1 tefJZfr~~t1.Mz:tm~oo ftl:kJ ITT ~ti# H 1~¥Ll$mJL1iiJ 11§ ,~, o ¥ 
fitiQj]lj ;f01~:fLls"J 18 ,g, )l):ll• 7[;11OP}~,t:!_:_$$j,!J;j2OOB"J~~~$~ 0'RJLO[uj@, ~fr-1 Tioitf 
if 00 5A fa'i ;i£ o 

[0180] friv#J558, !Zill• JGl lOP} ~Jit$JJ!5H8,~,¥JJJ,*;l!~ivfr~ )WJ:ii1J:f:lj!i¥]~,,; r~iL 
¼$j,!J;j2OOITT~4:ffl:Jtl o!ZllEJ!,.JGl lOP}{if'. ffl~4:ffl:Jtl *~~JE~:!. r~ YR, ep: *tjtJOOP} *!{)(~ 

~B"J1JA:*1Aff $$pij2OOITT § 3:J~$Ll ojg TJ!: \,,~~ti~, fr~®~JJffilfA: ~ ,!Zlfl1¥JGl lO 
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PT~ J;;§-!t l:'. $ $llfl Er:! {:trit lP iEM , fBtr& 1mu m:NZ. Er:! NZ. m 5f P ~t p~ 5f P / ~A:l:fil 001f~tlJ5 ( m ftu :l:fil 00 ;jf~jfrif 
)$16 0 s{J ~ttir: ) tJVt~J{J ,~. ft ilH4Hl~~ ta'! :i£ 0 imM~ m '.fl])B'H~L~, ~,~ ' !Zt:fM • JG 110 pJ tt 1~ J1 ~ * 
~mffl~~$mJLwm~#Hm~~~100ITTm~tt. 
co181 J oo 50~~ rH ~ 0:rt o{J ~iffii:1fj:tt§-¥1 l1'J fflr~W11J-gJi oo 11 cr l1'J :iim'.i:T l1'J ~ 111JM~ 
M,f¥500DITT iJrE,f_!i:[ 00 0 !Zt:fl• 7L 11omtA1T -ij~ 00 ft7ttfrtl~402 ~ ~1Jfiltt,f¥500D O aw !JI 
560, !Zt:fl-'$L 7Gl 1 OPTt3ta'i-gJiOOft# H iQj]lj t±:lf'li'iam§t'r1133tim'n8{} 00 ft cp 8{}:1:fil,12 !ZtITT x1 
*·iJIJftn, !ZtJM.JGl lOPTM1mitiQ111Jx1*~;f1g71 -g!i f~½tx1* ,;f:1pJ~,1-.:pJ~~x1@+:it.im'.i:T 
B{Ji8:®xJ*.tt1mm~r ~:it.imH~~ITT ~5f~~l1( m~rufi~ J~ '1 ,mum, ( iJIJ~o, ;t§Mr-$ 
$llf1200ITT H:trit, !ffl *iGnlG .13:t¥ITT jH1 m ~r:it.im:JT lP:it.im:t~tLlf§ g B{J $~~151J# H Yf{it' 
a~tffif W cp .a-®~1Jfil:1f:rt cp, !Zt:fl•x11oma1za, PT~t:iim'.XJO{J-gJi 1~J2!!X'J* r.tAff 
$ ~Yl JJ'-tfr O iJlj ~o ' !Zt:EI • )L 110 pJ NUl~~ ;£ ~ 00 ft ~Yl ITT f~~x1 * ' fii. {~~x1 * ITT fl~ tit 
Wf:tr~, # Huim t±:\~i}JITT jj~Jl:I;: x1* ( ::f P}§b~icim'.tJ) .a-®~iffii:h:rt cp, !Ztfl-'$L 7[;110 
pJ~fi~:iJt~*ITT~~')J'*,*Hm~te~am~:it.~iT~fflITT•~m~~ITTffl~~w. 
co182J aW!JJ562, !Ztf'Il• JG11om JJ"ttr+iKt.RITT JL1PJm~. i~JJ"*PT~r~ rITT1fWgJiif = 

( i) tr:$ffi200ITT 11-{~IJITT~1WIJITT $.mix§ : (ii) tr:mlE4Ll::: ~1WIJITT tiicJ mft□W~ti£~) : ~ 
Edi ii) J)dihOO~tfrif ( i,t'i·~oJmOOtxt!rif W160B{J Jyjfrif HJVttITTt!Kt.RITTffl:i£ .!Ztl! "'3.)Gl lOP} {!ffl 
j)JJJ.ff J$L ij~ -5:Hfrtl:f:R:4021ij.¥1J ITT 11L~, *Jtt1T'JJ' tfr O 1j :Jr '!Ztll J$L 7G 11 QpJ,pj§ 5E aW !Jf 560~ 1mu 

ITT :it.~1J ~ t±:l Jla$$jlfj200j)f1:ifl:ITT $.mzJ§J ITT x1 @tL 
[0183] a$$llfJ200ti:ifl:t!Kt.RSJ, aW!JJ564, !Ztl'Il• JGl lOP}~ffi ~*ffi'.JJ'--tfrITT t!Kt.RJL1PJ%~ 
loi1t:~1m1J:ic.im1J ~lf¾:1¥1 it {1§7.K '11·. iJIJfto, ~~~i t±:ltlat!Kt.R!Ztl¥J :it.im1TI!£ f==! t:~~, fii•l¥J tB 
fl atiKt.R!ZtITT icim:JT~J § PT§tffo(oJ ft 11§ ;]( f. EE Jl:t, ~ri~ft {1§ ;]( f, !Ztfl • JG 11 o PT~;f>x 
$$llf1200ITT~1llf .if!Jt!:fft~tiJ, ~ 1J!~11:Jt!:~~~{tj: .;imtttAffW!Jl560-564, !Zt:EEJ! .• JGl lOPT iQ 
~te~a-m•m~oo~~ITT:it.~1T#H7t*t!KIBJLW%~ffi~.~T~m~~R7t*, 
)l)::EI• 7Ll 1 OnJ~"i=.$$llfJ200ITT-~~$~--B'~Jtn(oJ@, 13:a_t ffitaif 00 5At1'a:i£. 
[ 0184] 00 5E R::~ t±:l ~ i~ ff 1¥1 ~ jjfil1f A ;t§-jij l¥J ffl f £r $$\!BM4Hi:JK: a$$)!13200 cp r j:_-

1-~$ ~-'@:~Jt o(oJ@ITT ~ 1YH1Ml£500E ITT iml.£00. aW!JJ570, 91:fl• JGl 1 OpJt1g~ ~$$j)Aj200 * ~BS ~D*EJ ¼$llf1 Ri1:r: 0 ¼$llf1Ri1:r: pJ {it ffl ~:),*ti ( X' z) :ZZJEITT-g~.,~: **~ '* Fl. -g~_ }2 ITT py;f 

,12:zJ§J ITT Ne~ di pJ~ }d)[(.¥U5)[(ITTm~ ~ 0 a-,t-~1Jfil:1f :rt cp '!Ztlll'j'L 5Gl lOpJ f!ffliiPo tr: 
tim:N-a. $ rm.rt Et':! W31-$ rm:rt*t1g 71M*El $$pJ;JNZ.1?::. !Zt:EI • 7G 11 o PT it~ W3 'i" $ rm:rtz f§J Et':! 
JL 1PJ ~ ,12 , # HftO * ~ {ffie;f.$ s{J i.% , f! § trS aJiJT 11ft s{J $ $)!13 M%1i: cp S{J 'Bj:~ ,8 {ffie;f.$ JITTJE {/lie{$;. ( iJIJ 
Po, ~§t$m1ffie;f.$), ( ~1ffie;f.$-aJx1@r1rJt!:a$m:1¥J cr rsJ) .fffie;f.$1¥J:1f [P]-aJ~11: r $$~N4H?:: 
cp B{J ff 1PJw;s ,12 z J'R] ITT~@: 0 ayj-~1Jfil:1f :rt cp '91:fl. JG 110 pJ ft m-1-$ J-91 .r\'.:;f P fii. ITT$ 
mm it it ¼$llfl Ri 1:r: ITT 'B!:~ ,12 fffiefJ :iE: 1t• ITT ¼mm it ITT-#: :/Jo _t Im 5Efffiuti; ( 1J1J fto , ~ i'ft ¼ 
mfffiuti). 
[0185] aW!JJ572, )l)::EI• 7Ll 1 OP}~ffiaW!JJ570¥;171ITT $$llf1NZ.1?::. )l)::EI• 5Gl 10P} {iffl 
~ r,§'J 5} ~$$)Km if tzg 71 aw ~5 70f1g 71 BS$ $)!13 M% 15°:, 1!11tt *~ $$)!13 M%1i: ITT-gJi ,8 ITT W3 ,8 z 
rRJ B{J Ji!e~dk1J\r _t OOffl:i£ITTNe ~di. fJIJPo, Ji!e~dkPTts.Ao .1*.¥Uo. 3*ITTm!E ~. 91:II• JG 
11 OP} {'-tiffl:J'Nlt7ZJOO;J:¥~-Y!* ~ffit1g71¼$llf1Ri 1I:, 13:PT ;,:ttx1 )_IILT ¼r,rni1I:ITT ,t}, tE:itITT ~ 
ii Ne~ [P] _mS( ~p ,¥f:zz~-$$]JJJ&%1?::ITT-gJi,12). 
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[0186] frW1Jf57 4, ~flJ'i'L 5Gl 10PT¥rfr7V#l572:Mliti'r'1 ~ffi $$r,§N~H.?::*11Jf!5EITTf~ ,8 ( ~ 
~IMi(x1 'Zl) :zz:it) o~f£1'j'L JGl lOPT }).~ itlte /t?b r!=D .mS:f')VtiITTf §j ,8 '* Ji ITTf§j ,8 PT l::JITTf §j lie /t?b 

5fPBU§f.'f Stf8J *~ 0 rr~ ffi ~DJ}). lO*iU 20*1¥1 BU§! Ne /i£!J DJ it.T'J$$r}j200i¥JiiJi'.5fPBU§f.'f St 
j's] o{J *ifft O i51Jftp 'i>lH ~ $$iJl3200D{]i!Ji'.~ 1~ 'HIJ§j ji!p~ ill PTWJG1J\ ( iJUftP 'HfiJHIJ§j ji!p~ :it.¥1Jr 
~~) o ru~PT »..o. stbiu1. sf!b1¥nru§JiRtfsJPT --'==5fr$tr!32009'l ~j_:_-@Jmo[n)@i-9*~1¥1~~wt$ 
~r'2tLlJ::flfl tf ftil ( ffiftPJi1~Nir'2tLlWlfl flrLlr:tJ m&) JVGJxb~ 0 WU ftp' ji!~Nit'2tLlWlflflrLibJ m&lfl tf 
_ful PT !:Ix'. tk;f fffiuBn)fJ:,f 1¥1 w 'M '~ r!=D ¥3z:z;b~tlf ,1~$1NU r!=D z;b~' ~ 0 83 Jft 'JEta~:t~ rlfljJ:,f i¥J BJt r!=D ~ 

&B{J lf :ful~A, ITTf§JiStf8J~~ff o 
co181J frtv1Jts16, ~flJ'i'L JGl 1 oDJ ¥r frtv ;1s1411Jfl5El¥1110 §f.'f ,8*11Jfl5EBJt fnJ m~lPffrajBJt * $ ~ o ~ :fl J'i'L JG 110 PT ilUi it• HIT §Ji ,8 □{] & rf tJJ ( i51J ft□ , arc tan ( x 1 /z 1 ) ) * ,tijfj JE HJt r!=D iJ :~:L 
~flJ'i'LJG1 lOPT~%1ffiuBJt ~®-4-11A15ET'JBJtr!=D m&5fP r%'i 7-K fr~tUtf :fuli¥J*;J;ft oftD5'!ITTf§Ji Ji!e /i£!J * 
~r r~~, mu r%'JJJ<. f1'2mLltf £i1PT~r: c 21 ~u·§tstrsJ) o ~;tt't .h:r:t, r%'i7t f-r'2tLltf itilPT~r: 
c $$r,§2001¥121iJ1&/fiT§fifl!e /i£!J) o 
[0188] 00 5F ~~ t±:1--'==5 0:ff 1¥1 ~mlitf A:!f§~I!z: 1¥1 ffl r,f/ftJ5EITTf $ ~ ~~mi¥J ~1JLltl:rlf¥ 
s 00 F 1¥1 1frt:f¥ ~ o ti: iv ~Is 8 o , ~ :f'l2. J'i'L JG 11 o PT 11JH 5E --'==5 ITTf $ ( vU ft□ , ff n!: ti: $ ffi 2 o oz ITTf 1¥1 $ $pJg ) 

*~S{J-@BJt{§,~, o'iJLlfto, ~f! ¥ 7Ll 10PT 1ifflJ:.Tio~ir00 5Aln005Bt/a3£s{Jvz::;f:*11ft!5EITTf ~-1¥1 
ffI ?f. ,J!nt ( {ftlfto, h ibJ 5fPJ!nt) 5fP/wt1JUJ!nt o~fl~ 5Gl 10:if PT {tffiJ:. Im §:tif 00 5Etla3£1fl VZ: 
**,Pft!JE ·t wt$·tmN4t$JJ)1;i:\;, ( --'==5$$r,§200*~1¥1 )fiT§fi ,85f□/wt@HJ;r$z;1)Nj.i1E ( 'fJLlftn, Wi 
IB ITTf $ * J;fX 1¥1 N:IH.s:: 1¥1 ~ rn ,8 ) o 
[0189] friv#J582, ~flJ'i'L JG 11 0 PJ 5J\.;j:Jr fr!P #J58011A15Ei¥J-@BJt 1i J~L fr~~~Mii:tf :r:t 9'l, 
~flJ'i'L JG 11 OPT it.£Itf;f$z;bNi.i1E--'==5mN4t$JfflA: ( 'fJLlfto 'ffr~Ni.i1E) zJR] 1¥1 Ji!e /i£!J O fto5'!1fr~Jj1i 
Jits{Ji~lre /i£!J 1¥11f &~rlt01'JEl~11 ( 1fr)fto, ~l'f mlr4l J:.T'JO. l*iUO. 2*, ~it~ HE i¥Jmlri J:.73 
o. 3*¥UO. 4*, :3f _§_:~UiiJ~HE i¥JmlE! J:.T'JO. 5*¥UO. 6*), ~flJ'i'LJGl lOPTT~k: ITTf $PT~~~ 
ii[ 0 fr1& ~~u~ $'4'-$$r,§ ff n!:fr$$r,§200LITTf i¥Jt~ {JG r ')l]:fl. 5Gl 1 OnJ b~ tx--'==5'8¥'4"-$$r,§*~ 
R{J £1 ti~ i}J Mi .i1E o ¥ r i~ b~ ~J , ~fl J'i'L JG 11 o P J 11ftl 5E : £1 ti~ i}J Mi.i21--'==5;It't$$rJ31¥1 £1 tlf-$ z;1J 

Ni .i1E "T-171 Jllic 1¥1 $ WJ PT~~~™ 0 ~fl. JG 11 0 PT ;1j Jr~% ( --'==5 ITTf $ * ~ 1¥1 HI tt if$ z;1] Ni .i1E 1¥1 ail $ 
--'==5 ITTf ¼ ff n!: 1¥1 ilHi rx: @ 1¥1 i'm 1Jl HE $ b~ tx: o i'm 1JI ail $ PT JA t-fu 00 z«11: ffl ( 1J1J ft□ , rth 00 z«11: ffl !$16 o 1¥1 
Jyj@) 'mN! $ J9l A ';It B $$r,§ 1¥1 ff tt ~ i}J Nix£E' ~ rmN! 1¥1 J~~ ~□ i~~ z. 9'l rlJt:L O Po :51Hi tt 
;f$iJJNi.i1E-½mJFt [R@i'r'l i'm1JI ll!J $i'r'1 ll!J $&~rli'm5E ,~m, !l!U~flJ'i'L 5Gl 10PT11Jf!JE: fiJ $ PT§g 
~ilL 
[0190] fr;jj~~Mii:tf rt 9'l, ~flJ'i'L JG 110PTfrJ:l1tBt!'sJ@ ( 17Llfto, o. s,fy .¥U 1 . s,Ty) i7'J ~%ITTf $ 

s{J ~J4'st1ft'!.--'==5 (--'==5 $$p,g200*~1¥1) fiT§Ji ,8 r~t1 o fto5'! ~u $~J4'st1fI'!.--'==5fiT§Ji ,8z.l'RJ 1¥1 ie /i£!J fr 
Jl1tstraJ@1Jli'aJ~f-t '* ~l~1-ti¥J .~ it ,tt5¥W~rli'm5EI~ fi ( ,W1Jfto '~l'fmlri J:.730. 3*¥UO. 4 
)1(, ~&~ HE i¥JmN% l:.T'J0. 7 )1Z.¥Uo. 8)1(, * _§_:gJIJ ~ HE i¥JmN% l:.T'J 1. 3)1Z.¥Ll 1. VK), .D1Ll~fl 
J'i'L 5G 11 o PT 11Jf! 5E : ITTf $ PT Fig ~m o fr !tJ ~ ~ Mii: 1f :rX: Lf1 , )lb fl J'i'L 5G 11 o PT iffi UA% ¥fr~ Ni .i1E ff n!: 1¥1 
00r!=D~~--'==5~~~z;b~.i1Ei¥Ji'm~HE$~~%*~~~3¥$z;b~.i1Ei¥JAW%~"i'm~ail$~* 
PTtlUE rTio s{Jit•*11}ff 5E: ( o/+o/) /2/ (ox), ;tt 9'l ox*~frn!:B{J f~Ll roJ JFe /i£!J, :3f _§_oz*~1fn!: 
sq m 1PJ 1re /i£!J oft□ .ll 1-fn!:1¥111J1U r!=D 1re /?£/J--'==5i'm1Jl HE $z.!'aJ 1¥1 &~ tt:rmJE1~ fi c 1f1Jft□, soo*iu100 
)1(), !l!Ll~fll'jIJGllOPTWf!5E: fiJ$PT§~~mofr!tJ~~OOi;1f:r:t 9'l, ~fll'jIJGl lOPT *1!rfiJ$1¥1 
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ffz:I o ftu* ITTf $ l'r'J ffz:Idtil'fr T m:NZ.$ JlJt&; c 17u ftu, ITTf $1iil'fr tEmi,Z.$ J!t&; !'r'>J rvHm) , Ylu ~fl¥ 
JG110PT1iJf!JE: ITTf $ PTi'ff'~ilL tEITTf $S"J 1fz:l'i 111# yj - $fMBz>l~1~iHfI+ITTf $zITTf H 1l. py;j ~ $ 
$jJ,lj B"J t]Hlf$ l9) i3r-J2I 7f f 1'f ITT ti 0G r '~fl. JG 11 ODJ1im5E: ( ~ :tim: B"J) lru $ DJ~t*m 0 

[0191 J tEiv#l584, ~:fl¥JG11 OPT 4rtEiv#l582tA1-f 0"15-J'·11r*11j§JEHIJ $200~~~iti1L 
Wu fto ' ~fl. )L; 110 pJ ~ T friv !Jf 5 8 UA {J B~ ~~ JJ'-tfr ITT ;JP tx f f:)J * ft3n±:l 1iJfl 5E O tElK t-¥ ITT 7f 
~z r, 17uftr:i, ~fl-i¥L5G11o~rffi5E~~in ,5:J'-tfrft>l t±:18"1 ~u,$PTl'ft~m:in I:k:5EPTt&73'-@c11 
"1" ( rm "O" -«7i1iJf!JEITTf $/f~PTl'ft*m:) otEiv~J582tA1-f ITT /f~ lwJ 7J\.tfrPTtl7J\. Jil!c/f~ lwJ ITTtX.m, H 
~0HITT~~7fAH7f~rffW~JEffl~ITT%1fr~tt.m 0 
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-5¥offi=$~00 fio17U~O, g:t2itE001i~ltt¥JG120 c:r B~ t9tJL( i~,~oJ:llHJUm2025¥0204ITT 00 
ft:tm~~l'il225f0124) PTtm~$$jJ,lj200 ~u, hin IX±!ixinffi-;¥Offi=$'4'-001t# ~§'f li tJ!tt 
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WU:tzo, ~JI• JG 11 om tllif }J-001iM"~*.i'.122, 124,tDl 26 cp i¥J'&T1i.¥Ui¥11f/z:)(t:flfg )~t ( 7G ii 
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fl J'j'L JG 11 o PT Jt!:~ W Wfi JEm:&% ti r£'! tJt ~ l:J, ~% JJ-g;'4"'001%z~ JtZ ITT Jiff~ f§ ,~,n ~T'J - ~ft 2'. f§J o 
[0206] ~Jffiz, 11::T'JiltiA:;k{tf:, $$jJJ§200PTtE.m~ $mf>J}R;fP*=*mf>J}R81 OlP/~820 IAJ 
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[021 OJ jjfr:J:fil_g_Q ~fUih, ~fEj1_.JGl lOPT-r1;Jmnx¥r § -rix1*830{£$$pij*~f1Jllj8021B{ft 
J1*r~1E$mfffiuifJ~-ftf:R:~Zffr J*~ 1f-:tmill!1J802 o § tix1%?.83oPT 'fil:tit1gnx$m1ffiuifJ~-ftf: 
sj~T~g;Txi*o :!tJj~:l:ih~fH~:l:ih, § i'ix1*830nJ:.:ffi;Jnx$mfffiu;fJ~14o'/JLl~o, § i'ix1* 
830 PJ LlR:1!rm1Jft.:t~JE ,mJ;:i& /f;!J hn!:ti::m~JELl :.:f~Jn~bt"±.1¥1 ;1:t'tx>t~ ( :.:f:j;j:J ~ti::m {ffiai 
~14) o ~fl• JG 11 om :j;j:]mnx :tzo *i3:*¥: sj § ti x1*8301itti1J11J IJ1Uii tB tait $m 1ffiutJ~{tf: :.:f 
fffro 
[0211 J ~lll'j'I. JG l lOPTtigmnxiY:f!$$jlij200ff )ti:, f!1i *~Re~ 805:fP*=Re ~8 lOlt~:.:f 
~, Ll~:9'ci!lJZ1~Uf ~:l&/r;!Jx1*825o 'lJLl:tzu, :tzu*$m1ffiuf$~14fffrf*~ $$pijflJliJ802, !J1U~fl 
•JG110 PJ:j;j:Jmnxji11!$1\#32oofr*~ $iltt{]}R81o;;f-o* ~.$iltt{]}R820179 hnl:, f!1i*~Re 
/f;!J805:7Cr%=Re/f;!J815 oi3:'/JLlftofr~8Ac:p ~5f o ~{i'.:l:ih, :tzo=':$mfffiu;f$~ftf:1tfrr%=$$~ 
flll1J812_1:_, mu~ft• JG11om Bu~~tt~1ri3:-r¥:ITT1ffiut$$t:m, i~ffit$$t:m1i:j;j:]mnxix1t1f-o$j)Aj200 
fr*~ ¼mt{] *81 o5f-u * =¼mt{] *820179 ffn!:, {±1i * ~ 1re /f;!J 3051J--f * =1re /f;!J 815 o i3: {f1J 
3Z0fr~8Bc:p ~~ o 
[0212] {t 7'J :!tJ~5f1JLl, {JtJJY:ITT $$r,§pJ far $$r,§200ITT~f1Jl~, -ff_§. ff A pJ {.11.r $$jlij200ITT :!tJ 
~f]l!lj O fri8:1$ ITTtlm 1< '*iJEl 00 PJ,JiJf!JE: ;!l:JH'a'=,!Jt1J--$$\#3200!51tJJY:ITT $$\#3.zJsJ ITT Re /f;!J 'Ll {t 
fr-$$~200!51T Az fR] t¾11t~$ ~ fR] 0 ~ Jlt' ~fl. JG 11 OPT¥~ 11 $$~200frn!: '{i1ift JJ>Z:ITT 
¼tiJJ3zJsJ ITT Jre /f;!J ~1J--0 

co213J * ~ $$rl311JliJ802:fP*=$$rJ§ilJ!~812ITTi-R~Ll 'rm ~:.:f ~M~ITT, f!1ifr:.:f ~ ITT B1fsJ ,~, 
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~fl• 7tl 10PT~t*- $$jJJj{ITTiJ802iJU~iJ 7'1$$ll§200Et':J ~#1£ tn 1ITTiJE%*~1NiJ o'WUftu, lt:Z1kr-,f-f% 
$ ,f-x,f *825,ff ft+ $$rJg200 B"J rr)jll -{NU,* - $$l\§{~lj 802 s"J tJU5iJ PT r&~,111l ~□ ;l:lt~ + x1 * 
825:(ftE-'i" $m{fwuf$:&1tf:, IJ!UxJ*825t7tEr*- $$]ffJ1~U802_t otE~1¥ITT'tiHJ r, ~fl• 
5L 11 OPT ,@rj 51: ElxJj\, 1r~t¥ 0"11/iii\~~ m, i~ {/iii\~~t m*lttt1mm¥i {! $!fl\§200tE* - $m t15R 
810;¥□*=$mt1:W.:82opg1Tn!:,f!1i:Ar*=fte~8l5ITT*-fte~805*1tlJ1rPJxt*825t~1~o 

[0214] tlztfiif-®~fnhh~, '=13$m{ffio~'.&1tf:t¥tEr*-$$ll§1NiJ802St, ~flJ¥i.7tl lOPT ,@rJ 

li~t+ITT fffioti~m, i~1ffio:t$f~m*lt11:Jmm¥t1!$ffi2ootE* -$:i1H1:W.:81ot□*=*m:t1:w.: 

820 pg ff n!:, 111t m - fte ~ 805 b~ m =fte ~ 815 A~& 1 . 251'l"r O Yi jrtm~tH-\Jth, '=13 $m 1~ti 
:&1tf:1'7tEr*-$ffi1~U802_tst, ~fl• 5L110DJ ftrHt~1¥ITT ffwufi~m, i~ffwuti~m*ltt19m 
m¥if!$ffi2ootE*- $mt1 *810;¥P*=*m:t1*820 pg 1ri!t, 1t1t *-ftr~8o5 r~*=ftr 
~815:A~&21'l"r◊ 

[0215] tE-®~JMh~cp, ftp[I]8Cpfr~ ,~flJ¥i.7t110PT'llflrl7E$ii!fffioft:&,ftf:t¥tEr*-$ 

$ll§f~lj802l□*=$$jl,ljf~lj812W3~ _t o?tf§, ~ll•5Ll 10PTftx1itfffiot$'.&ftf:,@rJJ!~t+B"J fffiof$~ 
m,i~1ffiafi~m*lttt1mm¥t1!$ffi2ootEm-$m:t1}1rn1otPm=*m:tt~82opgqrJt!:,ft1t 
*-]fe~80S~*_t~r*=lfe~81So 

co216J ~r! ¥7L11omtt1mm1t1i fflr~70X>f*825~JxW-llxt*825ITT iffia~r~m1ft;t; 0 

f:<tU ftp , ~fl J¥i. 7t 11 om 1ft;t; fffia ti~ m , ~j f5itr~ * $ll§200 ~ :t$ ih x1*825 lP 1 ~mi-,~ x1*8 25 zJaJ 
ITTfOHElfe~ o~ll•5L200PT¥r~®$m~tU m~n~m:)1,ft;t;~®1ffie:t$:&1!:J:( 1ftr~®fffio 
ti :&f 4) 0 sm 1ft;t; $m fffia fJ :&14 m ~ti1J11nru * 0 

co211J ~fl•JG 11 o pJ~t1ffi;J:t$*i:m~fffi;J~~1tt:1-t79,l:tJL~1¥J mr~m ,12, i~M~i¥1mr~m ,r2 pJf:fI 
r EB* - $m t1 :W,:81 O,f P * = $m t1 :W,:820~~ 5E ITT $m ITT cp l'RJ ~ o ~:fl• 5L 11 o PT¥ r mJ ~Ji 
,12 lP fffia t$ tf; m :7[Ht. * ~ JM fffiaAA $ ifp 4-o {ffia AA$ ifp 4-PT ffl r ¥ r fffiaAA $ ifp 4-5f P $iWJ 2 oo ITT 
Jffltt 1! ffl ~E Pl 150~1J ~ ITT fffia~Jt$ *i+Jf tBJe ®4 o ~fl• 5L 11 o PT rtJ $$]ffJ 200 ITT$~ rtJ ~ iJE ( 17U 
~o, ttt rPJ ~tJE210) ~Jl'-Hlm*4 o 
co21 sJ 1~tm-®~JM1J~, m-tz□ ~?:rn mf1:tt □ 170, )K § $$p;1J2001¥J~.iJltn1¥JttuA PJffiH~ 
~:fl• 5Ll 10o 17Ufto, ffi?WuA PTi:H~~:fl•5Ll lOITT:t~*Ll, ¥31:{~$$iJ,lJ200tE%-$mt1:W.:810 
5ru*=¼m:t1JR82opg ffn!:, ft1t *-1re ~805:Ar*=1re ~815 o 
[0219] yj)'j,:l:ihmtfH-\Jfu' ~flJ¥5Ll lOPTttlmm~rEB [I]1Jtfln3t*.i'.122ffi~ITT $,f-[I]{J 
*~7E$mffit$~#~~¥*_t~fftEo~PT~ffl~rMffl,~cp~-f"~~A~~ffi~­
,t-~ $,t-x1*825*1tiiJJW, lo/~ '=13 xx1*825*lt1&i~Ust, *lt1&1~u s"J-,t-~$ ,t-x1*825f:fI r 
fte$mt15Ri¥Jf[li5Efte~ 1¥JjH~iJ otEiK1¥1¥J'tiffl r ,~fl•5L11 OPTt1:Jmm¥31:{~$$iJ,lJ200tE% 
- $mt1*81 olP*=$mt1 *820 pg 1rn!:, ft1t *-fte ~ 8o5~r mt¥* _t ~r *=fte ~ 
8150 
[0220] ~o [I] 8D cp [I]~ B"1 '$m 1ffiat$'.&1tf:PT reHi ~ ft% 0 ~fll'j15Ll 10pJ,ti;J mmj3J: 1!$!fl\§200 
tE*-$mf')5R8105rP*=*mr')*8201AJ ffn!:, 1!1t*-ftJ2~805;tBxtr$$ll§2ootJJrPJ ~ it 
B"J jHJJ!iJ, :3f _§_1B --:]re ~815;t§x1r $$p;lJ200lM rPJ ~ Ji!%B"J pg f]J!lj o'WU~D, 1B-lfe ~805 PJ 1J\-y3B ~_ 
fte~815o 

[0221 J 009~~ 0:3f ITT~ir'W:1J~;t§-J~B"Jt¥{it1$: 1405fU/~1508"1~1:<tiJ'tltl![I], t¥{it1$: 140 
;f0/AA150PTt¥fi:1'1 fflrtJt,ff-,f-~$,f-fffJ=:B"Jt~➔ 0 Po [I] gcp [I]~B"J 't¥{i{1$:140PTt¥{i{1 fflr 
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:tA ff* x. er fB'i kt B':1 $m fffio~:l-ftf:ttimu :f P ornJ m B':1 -~ ~ ~~ tt:t}c o WLl Pu , ff fit tt 140 PT ff fit* 
mt~ 5R:tlm91 O:fP$ilt {ffiot$:tlm92O o !S'Lffl !llf£~ 18O:fP/AAOO ft!llf£~ 19OPTtftA-r Zf{ii tE {f 

1PJ:tim91O:fP92O( 'ELtr1itEt71ittt14Ocp) er 1¥11~4-o)js:1~~;JJtf:Aff!~'4fJU¥1¥J R:, Ll r Wi1txJ· 
!11:fl. JG llOl't(J 'JI fflpJ -~!RAA~~t~ J117.ffl!ll£ltt 18O:fP OO{f!ll:fltt 190 o ~.tft, ff{PJ ~Jr .ctf~ 
1¥1~9PTrn-~~$~!1l~~R~~o 
[0222] $iiH15R1f:l:R:91OPTt¥1i4H~4-, ':13 ctJ !llfl-'¥'.5Gl lOtAffSt, i~t~4-PTttimU# _§J~ JE 
* • $mt~5R81O:fP*=*mt15R82Oo17Hzn, $m1ffiot$:t~m91OP} !11I£.AJ.ifid> ··t-001l1m$t 
~R 12 2-124ti 451: 1¥1$~0011' Ll ii imU m- $m t1W:810:f Pm= $i!H1W:82O 0 ftp _t 00 i-Hi 
s~, i3:DJ §:tr1iiQjJ1Jol1~1¥J $m~:fP/AAWlU~N4t rnf 1¥1er,80 
[0223J $m{fm\f~:tjm92OPT #1i#t~4-, ~ FR !ll:fl.JG110tA1r~t, i~t~4-PTttimrJ$m{fm\f~ 
~ftf:s~ ZftE:fP/~ ~Q57Ll$m1ffio;f@;~141~ri!f Z¥tE-t-*-$$\lfJ1muso2:fP/~*=*$\lfJ1mus12_1 o 17Ll 
PP ,$ili{ffio~1f:l:R:92OP} !llfl~~001t, 12JiiiUx1~825t¥tErm-$$rJJ1mU8O2:fP/AA*=* 
$rJJfmUs12_t o $m{ffiof$:t~m92OPT !11Il$·i' ~ft, Lltt~mU$$r,§2OOffntl¥JmN4tcr 1¥J~mo Y1jr 
t-fuAA~{~t-fu, $m{ffiof$:tlm92OPTti4X* El t~~t¥tEx1~825:fP/E1X~ aE $ml¥] !h-:tJtmAA 
+t: B * ffE 1¥11;'f ,~, 0 $ m f!iia ~ :fjm92O PTtA ff t~ mu ' Ll i;,'.11: ~ $ffi 200 if~ x1 T * - ** t~ 5R 810 
tn; ~*=if. J:!H1*s2O1¥11iz:R o 17Ll ftp , ftp 51! -ff m 1ffie t$ :tJm92O pJfl JE if. m fffie ti ~14 fR a*- if. 
$rJJ1mUso2_t, IJ1Ll$ili{ffioft1f:l:R:92OPT {t$ffi200t$ihZi £1iili:m=$ilit15R82Oo jj- hffi, PP 
**mfffie-t$:t~m92oiJfl'.iE$m1ffietJ~14fRtE* • $$rJJ1mus12_1, IJ!U$m1ffie-t$:t~m92OPT 1!$ 
$r,§200;f$i)JZ~ £tiili:m-$mt~5R81 Oo 
[0224 J 001 ooo ~ T !5 i~ff 1¥1 ~.!Jfu7f A t§-fJ:1¥1 fflr-@±~Jf.$$itB2OOi¥J .ctf.% 1 ooo o .ctf.% 1 ooo 
PT 1Q571J ~~JET*~ 1rnt1¥11rnt$m:1¥J $m:t1* 0 .ctr£ 1000§:ti = ornJm -t-ttimu *™ 1ffiotJ~14 
rroi~frr$trJJ2OO1rntz~ £:ttili:-~E1-.£jj-~ $mt1*, mftP*-$m:t1w:s1O.9-.£*=*m:t1 
5R82O o Lli3:f~7JA, ttfilOOOP} ffl TtE$mt~5R l7'J ~#1$$r!32OOLlht~J:SPT~B£1JJ~1!$ 
$rJJ2ooa*-$mf-J*s1O:fPm=$mf-J*s2ofAJtJfa1¥JW±i'.1EJ~ o 
[0225] tE~~J1010, .ctf.% 1000 PJ Et~ :1!ffl.¥d>-~00115z1m$t~R 122, 124:fP/AA126)K$t 
IR$ $jl,lj 2 o o pf { ili: g Jsx 1¥1 $ "I' 00 11L iJLl ftp , !1l fl -"If! JG 11 o PT i& rn ~3!: ffi ti D 12 8:ti451: $ ~ 00 11L 13,Ll 
ft□, !llfEJ1 .• JG11OPT:t1:Jm:nx1iJfl'.iE-~AA$~x1~s2sZ¥a rmfi 1¥J-1mu_1 o f71Jfto, x1~s2sPT 
Ll ~ f~JJY:AAM'r 11: 1¥1 $$\lfJ ,±1 AAA ( i.~ftoff A) AA§ ff $5(Jffi o !llfl--'¥ JG 11 OPT ~r x1~8251¥1 
~®~'~i*PmJE$m{ffiot$:l-14~~fftE oi7Llftu, !llfl. 5Gl lOP}pjfJJE: ftu5R:x1~825Er:J ~ it~ 
ufm'.iEl!!ltl fl' ffift□ Ji!e~4too 10cm' IJ!Ux1~825:ti;Jnx$ilt1ffie-t$~14 0 Lli3:f~7JA '!llfl.JGl 10 PJ 
:t1:Jmnx.ct1i t±:1~'4T-~t±:1Ji$m:1ffie;f@;:&141¥Jx1~, ffift□ 1}14W H 0 
[0226] 3:HHi!.!AAfH~ti!.!' !llfl-"lfl.JGllOPT:tiJmnx~T § tix1*83OtE$$jJ,lj*-1muso2_t!¥] 
1iIR*PJfl'.iE¼m fffiutt~14~~Z¥a-t-m- ¼$rJJ1muso2_t o § tix1~s3oPT ~.J ~:t1:Jnx¼m fffiutt 
~f41¥J-~AA$~x1* o!Njl,t-fuAAfH~t-fu, § tix1*83OPT/f:t1:Jnx:$mfffiuf$~14o17Llft□, § :ti 
x1*83OPTLl~mNZ.~:P~:aclU1imti.:t o~fl.5cllOP} fi:Jmnx: !lP5'!i3:f$1¥J § tix1*83O*-8z½r 
1m~IJ!Ll1~t±:l~eit$m{~t$%:147ft¥tEo 
[0227] tE~#JlO2O' .ctl£1OOOPTtlH!is$'4'--001t-PJff JEtE%-$$jJ,ljfmUso21¥1%-$mt15R1P 
a*=¼$rJJfmus121¥Jm=¼mt1w:0171Jft□ ,!llfEJ1 .• JG11OPT:t1:Jm:nx~r~'?.El3Itfflttu 12s:t1z451: 
B~$~~1i*~IE*-$mt15R81O:f0*=$m~15R82Oo 
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[0228] tEW1Jfl030' jj:;f_![lOOOpJ,pfir!JE$m:fJila~~ftf:~Nffttr%~ $$p,ljfNU802_t O iiu~$ 
m1Jilaf_$:9k1tf:,pJfl~t¥tt+%~ $$p,ljfJJlU802_t, Y!UtE-zv~J1040, ttfMlOOOPT-@Jjs: ¥fl:1!$$p,lj200tE 
% ~ $mi/,J *81 O:fP %=$mi/,J *820 pg 1TJtt' f! 1~ %=Ji!e /i£!J 8151}r % ~ Ji!e /i£!J 805 0 :~HI• 
5LllOPTttlmnx¥11!$ffi2001ffil, f!1~ %~Ji!pJ\805:fP%=Ji!p /?£/J810~* f--.::f ~, ~), ~%EllZ 
15iH~ ~J&/?£/J xt~825 o17LliiP, iiP5'!$m1Jilaf_$:9k{tf:t¥ttr%~ $$pijfJJlU802_t, IJ!Ll0U:ll•JGl lOPT 
~Jm:nxJ&ft$$p,lj200tE%~$iiH1:5R810:fP%=$iiH1:5R820pg1f;l£,1:t1i%~Ji!e1'Z!i805AT 
*=1Ee/?£/J815 o33:17LliintE008A9'l 007i o ~1~:1:tL iin5'!$m1Jilat$:9k1tf:t¥tE+*=$$p,ljfJJlU812_t, 
IJ!Ll 0U:ll• 5Ll 1 ODJttlmnxi11!$ffi200tEm~ $mt/,J*810:fPm=$mt/,J*820 pg 1TJtt' 1!1~ 
*~Ji!e: /?£/J80s1J\r*=Ji!e /?£/J81s 033: 17Lliz□ tE 008s 9'l oo ~ o 17Lliz□ , T'J TitHmttt¥1000-@Bfr.$$p,lj 
200, 0U:£I• 5L11om rt=u $ffi2ooO'-riH1rt*tJE220, ffJrJiJJ *tJE230:fP/EllZ~rt=u *tJE240 9'l os ~-4' EllZ 
$1' 1t J!t Et! -=t-{1§ 1% 0 
[0229] ii□ 5'!$m1Jilatt:9k1tf:::ft¥ttr%~ $$p,ljfNU802_t, IJ!UtEW#Jl0509'l, h}!PT TLtt: ,pffi 
JE $ m {Jilat$9k1tf: ~ N ,ff fr T % = $ $p,lj fJJlU 812 _t O iin * *™ {Jila ;f$ 9k1tf:Z¥ fr T % = $$p,lj fJJlU 812 
_t, JiJrIB1f1tm ~trS = i11t$ffi2oottm~ $mt1:5R810:frim=**t1:5R82ozJsJ1rJt!:, 111~ 
%~Ji!eJ\80fi1J\r%=Ji!eJ\8lfio 
co230J :l~if.$p,lJ-@Bfr.~1JiA if.)]! 
[0231] * iJElO0PTt~f~~~~llH~n:in:r}J~rg,~1:1:, ffir ~ ~NU$$p,lj200tE':1§ ~UffJt!:$m 9'l lfl Jfil}23f 
1l iin * ':1§ mr ff**™*~ F tJti 5E 1¥1 JJiA ff Jt!: * mlJ!U 11 $$p,lj 200Jt!:A tJti JE 1¥1 ,t iA ff Jt!: * m: o tJti 
5EBS ~iA 1fJt!:$mPT ~ fflf='~A~~5E:fP/ElJZ{f T'J0U:liJA~&~1'00 fttm~*'l.122-126:ti 
4'.11: RS 00 {fsz ITT te 5'! o 
[0232] *;Jf,lOO~pJ J~$$j),g200ITT ~#1./n;fP*~;fP/ElJZ~E~~./n t}ti~~n ~~ ;t"t.$$j),g200 
rt=D Im IE BS ,JiA ff Jt!:$m~m1¥J ;im~p o {frJ ii□ , *;JE 1 oo PT)J§ft:il§-JE {ft{£ fi~ir.11 f5Z ~21 oz~0U:.9-Q 

[){1 ili: ss $-t rtJ {1§ 1% o Y1 :Y'r tfuQJZ ~ 1~tfu , JUJE 1 oo PT i:g ii□ W.cHM F fl:36 o 1t t±:1 i:g ~·W~P o ':1§ $ $pij ff 
Jt!:St, $$p,lj200nH:tffl *f!ElOO~~!r,f 5E$m:i&1lT'JfiJ15El¥J !JtiA 1f;l£$mo =i$$p,lj2001f;l£1¥J =i 
iw$m:C 17Llii□ , ':1§iwhJt!:$m)::f ~ rtm5EITT,JiA hJt!:$m:st, ~tJE1 oo PJi11!$$p;J;J2oof~, tB 
~™, 17Lliz□ , Jt!:Atm5El¥JJJNJAfJt!:$mo 
[0233] 001100 ~ 7 tEilU~800BS ':1§ 1W1rJt!:¼m1110 9'l 1fJt!:BS ¼$pij200 01~:tm~ 1~~JJ!h7J 
J\'.:, $$pij200PT Jl~tm5El¥11JiA ff Jt!:$m11200 WLl:tzo, tm5El¥11JiJdf Jt!:$m112om l2J, ~mi% 
800131:J~k:l $ii:! 0 8'Bfr.*;JE1 OOPTttlmhx-Pfir!JE$$p,lj200~N1filltEtmJEEr:J !JtiA 1fill$i/:!1120 
9'l, :tz□ 5'!N, IJ!U§ifl:{!$$)!;J;J200i;II:~~ tm5EBS ,JiA hJt!:$jgl 120o 17Ll:tz□, 0U:ll.JG110 PJttlmnx 
~~':1§1W1fJt!:$m1110!5tm5EITTJ)~iA 1fJt!:$m1120Jt!:1f btt1, # _§.Jji:f~$$j),g200jg[wl iUtm5E 
BS JJ(iA 1fJt!:$m1120 o 
[0234] i'l~:tm~J~~JJtli7JA, 0U:lEJ! .• 5Ll lOPT~rEB OO{tm~*'l.122-1269'l ss~1'ElJZ$1' 
~~BS $1'00 fi*1-&191Utm5El¥J JjciA 1T Jt!:$ml 1209'l 1¥Jxt~l 130 0 0U:lll'j'L5Ll lOPT lffittf!ffl 
_t 00 ~ tr 00 5A~ 00 5Dtl'a5£ ITT iz#*n\. ,ffr 00 ft rm ½UPJU$$pl;j2001Bxtr xt~ 1130 ITT fa'l.:f Pit 
& 01~:tm~®~Jn111fJ\'.:, 0U:lI• x110 PHm5E$$p;J;J200~ N @i~roi~xt~1130 0 33: PJ~gi,1=1:~.1¥1 
~, 1YLl:tz□ $$p,g2oofflxtrxt*11301¥J:t1Et1ri1QJZJJPi!Er~tt~~,~11 o 
[0235] 0012A~!j 03f 1¥J~JJtli7JJ'\t§~Jtl¥Jt¥{itfl: 1401¥1~17H1:l:moo, t¥fitfl: 140PTt¥{it 
ffl rtAfr~1' AA$1'~ff 1¥11~4-0ii□ 0012A 9'l 00~1¥1 '~{iii ff 140PT ,ff{ii ffl rtAfr* X 9'l Wi 
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3;tEl':i Jki-A ff ill $mlP ':13 mr ff ill $.m B':1 tt1mu lP nfnl@ B':1 ~~ ~ $~ tt:t}c o wu ftu , ff 1it~ 140 m ff 
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$t\lfJ2OOITT:i!Jl'.r:'jz:~ 0 wLl:tzo ':tzo*>Zb:fi--'¥'-5Gl lO1&1mUILlff frilLT $t\lfJ2OOZfrJB"J:id\ ,~ {ilfe ~ 
pg B"J ~m, 9!Ll>Zb:ffil--'¥'-5Gl 10PT¥3J:1!$ffi2OOITT:i!J~~{t£finJEITT _m5fP/AA~#$ffi2OOB"J7f lPJ iJJ!r'f 
t;;: JE s"J ~ Jl'. o 

[0262] fr-'4'-':tJM ht(; cp, 49'tl:x9U!Hf:f:}U 404 PTff{ittx {tf:t~4-( m:tzoit~tJll~mtt{tf:), 
'3 EE >ZbJ:l--'¥'-5Gl lotAffDt, ~tt{tf:t~4-~Jil~~ *;JElOO( 17Ll:tzn, i'i EE tAff~m:¥'JHQ,t$t~14O2) 
tt1mUs"J ~m*~ITT49''t't o>Zt:fi--'¥'-5cl 1OPT:@tt'5J\.;j;fr ~ 001iffl$t*Ji122, 1245l'Pl 26 cp ITT-'1'­
AA$T$tl+Xf¥J -tllAA$tll OO{llO/AA{f ffl:l:fuOO 5l'O/AA1ftlil31:W ( WU:tzo, ff{i:/f fr:l:fu00131:tlr5w 160 
er s"J~yJE )*xl~~tt1&1mu~™*~ITT49'tL i~'5J\.tJrmr1:~~™*~ITT1i,@,, m:tzo~m:~ 
1~13O8,-$.m~!l'.13O6, fftJ $ITTf*!l'., fftJ $*ft$ ,~~1@!~4&, ~ms"J*&E1-x3Jll *, ~o:l3:"~ 
tr-f 'ti PT§ frS {t {i ( 17Ll :tzo , {! ffl fin )'c ff fr ITT~ tE 5f0 /AA¥ Tis: f¥: ITT 131: tE B"J 131: "¥: tl ~ it Jr ITT ~ m 
49' 'ti ):f P 'ct ~;[\ m ( 17Ll ]lo ' Ji LL )J\. tfr ~ m ITT MUi $t 00 ft it~ B"J ~ m 49' 'ti ) 0 ~Ti~ 73\. ,ffr ' ~:fl. 
JG11O PHJ:1!$$)!i32OOf¥)ifilJl'.r:'J:*o17Ll:tzo ,~T ~{ftf $$)!i32OOzJu25*R"J~m*ltJ(;R"J ffE ** 
{t$t1r§'i, >Zb:El--'¥'-5t l lOPT~Jl: {9:'.$tjl,lj2OOITT:i!Hr~flsUP/AA~%$tjl,lj2OOITT7f lPJ iJJ!f49' JEITT ~ 
Jto 
[0263J fr-'4"':t1mI1f5t er, i!Jl'.tl~14O6PTfffiiilBztig}linx;?tifr* § -TAA$'1'- ~I ~tJL~ 
*•~~w~tt#m4-,~-'1'-~$'1'-tt~m~*•~tig@~~;E§~:i!Jt*~~~$ffi 
2OO8"1:i!Jl'.~*7') § tii!&o wU:tzo, >Zb:El--'¥'-JGl 1O PJtftAii!Jl'.tl~l4O6, l::J.¥r J,)JftAr~iltt/$ 
iRtl~ 14O2;foWtUJil~tl~ 14O4fiIUR"J§S1JE*it•$tjl,lj2OOR"J f=i ti:i!Hro17Ll:tm, is>t¥R"1~31:1E 
PT'ELmW~§~~m~w~:t1Hr,~ffi§~~m~J!ffi:t1Hr,.~§~~m~•~:i!Hr, 
~o 'h1r, >Zb:EE!!.--'¥'-5tllOPT¥r* § /4::$jiJ;j2OO1¥JJ:tB *MtC mP0¼$j1j;j2OO1¥11H1ri*tk22O, tLl;qJ 
*tJE23O5l'O/AAnlP1 *tJE24O) ITTttuA* ~I ~$$\lfJ2OOITT:i!lto¥r ~I ~ITT§ ti:i!Jl'., >Zb:flJ¥5G 
1 lOPT IPJ $$r,§2OOITT11~frt*;JE22O, tLli}J *t3E23O5fP/!'.1Xn IPJ *;JE24OaJ;5~ -=f{1§-li3-( 17LlJ!o, ff EB 
t~ tLl~ IX~ M tt }~, ~ ( "CAN}~,~" ) ) , l::J. imtt 17Ll:tzotm:El~ i---· tLli}J~ ,ttff $$)!i32OOITT J]Qifil ~AA 
~11'.$tjl,lj2OO1fr49'JE7flP1nlPJ ( wUPo, l::J.49'JE~Hr)*fHEll!>t$tjl,lj2oos"J:i!Hf;fP/AA1f1PJ ITTr:'J:~o 
:ttlt±tJJom ~ x1J-"lB"JJJoi!Jt c 17,J:tzo, 1rro. 2*1tv 2¥Ll3. O*1t!P2zrsJ) *lt~L&tt*, i!ltl\$ 
{~ pJ ~ x1 $ ITT ~:i!Jl'.* ltk O yj !f I, ' J]Q ;il)l'. AA 1m!G:i!Jl'. pJ ¥ f :i1H4Ei~ ~ (WU Po ' ~ :i! 0 N% ':Im rp fn 
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m, §;.:HmlEZ., ~~) ,Jli'°ff1f1nJJ!lti~5REr'1fffr( 1?1Uftu, ;gfiiliJ~m,:StJffi1T) ~lkmlEZ.?J/i'.Jt~ 
$iltit@'.1306o W+*0 TTB"J ~ s"J ,~J!PTt~Jk~:fn 1is"J1m:l!t@'.o 
co264 J oo 15te?F t±:1 ~ 0H s"J ~iffii:1f:&:t§~ixITT fflr¥r1&:tt1mu~ m:lrixJil~ ITT~ iltl~t1: 
lPIElXA r~ m:[t(J :1:m oo 11zJ~*1$. ftrJ$$Mi! Jit [t(J ?F vrWH1J¥ 1500 □"1 ¥frtJ¥ oo o fr-±v ~J 151 o, 9t£t 
• JG 11 OPT §:S: El31ftr 9t:El. JGl 1O-'=J0011 ~.ltZ- JG 120:zJ§J ITT Jy:tJMi D 128ti4JC~T0011 o iJU 
ftp, TlAtfr 001l~Jl:Z-'¥'. 5t 120 cp ITT ffi;j;JL ( iiftP 0011tm~~l'I.l 22) PTtm~~T 00 ft:# 1Hf ~5CT 
i±ti( iJU:tzn 'CSB ,::fd~ 'Jl,i?f '~~) ~%00 ft/t:ill#U9tr~-5Gl 10 0 fr -@~~::tr:&: cp '9tr~-
5Gl 1 oDJ ~ El3 $ '4'-tijJJttt □ 1143<: $f~TITT$T0011 o 1?1U :tzo, 9t:El • 5G 11oDJJf0011~~~ 
11.122, 124, 126cp ITT~Tti43<:$T001t, 0011~~~.l'.122 ,124 ,126cp s"J~Tt;>JDJ Jk~~~ 

D"J ~tffif ti D ffl r -'=J 9t:fl. 7G 110;® 11§ ~tffif O 03f i](J ~~7f :&::#:::-G fl~ f 1f {PJ49' Ji [t(] ~tffif ti D 
~@~t1/J' W.o 
[0265] frW#ll 520, 9t:El-'¥'. 5Gl 1 0PTtA1r~mJghRtl:f:R:l 502, ~ ¥r1?1UftP:l:t!!OO ;fP/.§X{ftl'i 
JttM( iJU:tzn, ff-f~fr:l:fu~JxtMW160cp ITT~tM )*ttimUfftr$$iJ,§2ooz.1ruITT~moiKit+ITTJ!ltM 
pJ t~ ?F ff fr TT~ ;Em ii _t ITT ~ m ITT :l:1!t¢.i: 0 Jx tm pJ 1§17F 49' ;E ~ m ITT t~ x1 {ft.I'. ( {JU :tzP ' if ~ 
GPS~!Hjf-) .§X~ mITT t~xt{ftjl ( viJft□, JffiUl'~X'JT $$plg200 ,mJE%;tjf-,:t, 1302, 5cJffi'.XTB04;fP/.§X 
,;'f:;fs'iJ!tHili11T;*fa'iJ!~m) ofr~~~JJTu7f:&: cp, 9tf! ¥-JGl lOPTtA1T~mti¥ ~f-ttl:tR:1502, 
~j Jffiu )J\. tfr $ T 00 fl* tt ~ITTU ~ iiL i~ )]\. tfr PT {t ffl _t TIU §:a if 00 5A_¥ 00 5 D;f P 00 6 t~ J! ITT =ht#* 
:ittff 0 

[0266] tE-±v#Jl530, 9t:El. 5Gl lOPTtf~ff:l!t@'.m:tR:1406, ~¥rf?JU:tzo}ftf~1r~mtltiJltl:tR: 
14021~¥1J AS JJf$ )K1JftJ;E$$rJ32QOR"J:t<JJPi! f=j fl[\;il& o:t<JJPi! f=j fl[\;il& pJ &B;R:$$rJ32QQR"J;il&;fO)f 
roJ ~ idt:l:t!!filAen~%IU*ITT~m, :# 1l PT ftffi_too§:aifOO 14t/i'iJ!B"J=ht#*1ijij5E o1?1U:tzo, J!ll 
tlt:k: 1406 PT ¥r -'=i en~% JU* ITT~ m:~ ~ ITT B ~ri .9X ft~ ITT 49'·ti ( m fto ~ m: 4:1~ 13os;¥ri~ ~ f~ 
j4t@'.)*T~k:t<JJPt § tillt@'.ollt@'.tl:tR:1406PT *tfiifJ!l"¥:tl~;fO/ElX0:&::# ll¥ T~if~t~** 
it~M y,i! § ti:l!/t o fr~®~JJTu1f :r:\ Lf1, 1?1U Jlo, Jt!t+l:tR: 1106nJ£r:StJfil1J ( ~ Jlo:StJfil1:J 
1304 )ff-frr~mz.mT ,,l!J]fsJ.§Xz.Fn ,::k~~ftf:( iJUfto, 11\rm -.=krm ,:kJxL,$-zr .~~) ,m:~%~ 
ftf:( 1?1U:tzo, 1s¥li!JFi ,±ii-111:1!, ~~) ,fl~J!,Jli'°ffff-tt$$j!,ggltff A~~*1ijij5E:t<JJ~t § ti:l!llo 
:t<JJPi! § tii!t@'.:i:IPT~r -'=J ¼$rJ3200~~ITT {IJ1~ roJ 1Joi!tlH~ ofr~!~~JJtfi7f :&: er , {IJ1~ roJ 1Joi!t&~~ 
PTfrO. 2)[(/;fy2JU3. O)[(!ty2B"Jmtlil pg* H pJI{:VR:r~mt~·t1,mlE%Mt@'.AA$m?J/Et@'.1306* 
t~!f o :jjJr, tJJPi! § ti:l!&PT~f-'=J~T~~TtBitJL( m:tiuOO fiM~~J1122;fP124)~~Er'1 
~JFemll o 

co261J 1?1U:tzo, J!lltl~ 1406PT¥r$~2ooz. ~u R"Jm:JEiR"l (ttJ $4:1~*1ijij5E:t<JJ~i! f=1 ti:l!llo 
J!11tJJR1406PT1f}fJ5ElFe$$jl,g200ITT ~1~ lfe ~ 9ts"J (ttJ $4:1~:# Jl~ roJ .;.R ( 1: n)ff-1*11§ )c!:L tE 
~T~Jmi 7f A cp , :itt@'.m:f::k: 1406 PT1iJl 5E li r :l:t!!,12, ITT (tiJ $4:1~: ( 1) ¼$rJ3200 ITT 3 lW {ft.I'.: ( 2) 
Ne$$jlij200ITT Ne ~Tht1,,; crTht1~?F$$jlij200Z.lWITT ,mlE4tt~·t18"1i). if-tft i"F **JE100t~$~$$jlij 
2008"1 ~B1[U[n]f'lfi1~~#~ln PT tt!'.Vitiff~B"JNJ:!~: ~lk ( 3) NJ2$$pij2008"1t~~ftf!~, ~ Jlo~ urc 
~~ ofte ~I½MITT {Jl PJ!fl i'R:T $$p;s200B"J ':1§ 1W i!&Vego O WUfto 'VegoITT 1H~A ( iJU:ti□ '$$p;s200h 
fil1~~t:k:), o~t~ITT 1J1i~:k ( 1?1U:tzo, PT~ m~tE:ss fte ~ J-J *tJE100tR:fi¾J-1~:1ilITT et rRJ *tifi¾-'@:B1L 
u[n] 1\\f., mft□ ~r1izJli;gfil11J~~ElX~m*iff~:tm~ 1}¼trJ3200ITT:itt@'.) o fr~T~ir'tli1f:&: er, 
Dtt.1PTtlH@ ~ r 0:&: ~I~ :DtM= (Vego2 /2 )/ ( O. 7 I 40*Vego+O. 5) o El3 rlt, roJ .ii.D( 1: n) = [ 1: 1: 
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n J , ~ cp n = IPJ r !+3C'ftf ( Dtt8) o 

[026sJ a~@~JJTu:1J:it: cp, :i!&tJtl;1H406PT ¥+f~W IP.l Jw:il&t"J5Ra~( iYHm, :li:kft i"FB"J 
{~~fnJ :/Joii&ti11JflJEtJJPt § tiii& oai'!'dc:DJg}..1. 5*/5f!b2.¥U3. 5*/5f!b2ITT m~ pg o¥rai'!'dc:5fP 
C r. ffi i-ti~[t(]) db ::$<..¥1~ IP.l .ml{, :i!Ji'.tj:tk: 1406PT)lt ( 17Llfto, fl!p$$pJg2ooo"J '¼ M 1v.Ji[t(J ::f ~ ,12 ElJZ 
Ne~ )ZtITT) $$jllg200ITT:il&~~ tU79:il&vt~fl, it•T'J: VtLlJltl( 1: n) = (a~*R( 1: n)) l/Z O ~:5Tr 'f~tE 
Vtmiflifl ,JiJf!JE'.rm --B' ttl !fl ~i:ilnti"J 5RPT it• 7'J: dec1-mi1t= :li1J\ { ( ( Vt~!!(l : n )2-Veg/) /2) , :liA { diI'h 
D ( 1: n)-2*Y ego}},~ cp diI'J,~r40* odil'J,ITT fiPT .t<7ix1 $$r,§200ITT ~#-9:ffl rm§ ~:i!J®'.W:~J.f! 
s"J ,12 o 
[0269J a~~~JJTu7J:i:\ cp ,:iiJiA*~1406DJ¥r (ts $1i$i"JWslewi'!'dc:(DJ¥r (ts $~ft 
::$<.HIHiJET<JJPt § ti:i!J~ o slew:ii:!cPTg AO. 5*/l'P 3.¥1Jl. 5*/;f!J>3i](Joi1H~I pg o:ilJ~tj:tR:1406PT 
f~tE Ll T 0:i:\*,PJf!JEvt~!!: VtLlJltl( 1: n) = ( s lew~/abs { { 1/R ( 1: n)}'}) 113 ont~w ':il&tJt:tR: 
1406 PTt~tE 12), r 0 :i:\*11i 5EdectB!l!!: dec1-mi1t= :/i1J\ { ( ( v1-mi1t( 1 : n) 2-Veg/) /2) , :Ii A { diI'J,, D (1 : 
n)-2*Yego}} ,~cpdil'J~r40*o 
c 0270 J a~®~ JJTu:1J A cp , :i!&tJt:tR: 1406 PT 1'iJfl JE ~J.f! i{] 5R, 111itE$$r,§20M~ B5 ~ 1~ ~ ~fr. 

~lnJ.5'1. ( ~ft□ff~QX--B' J~ff.~m) ITT ~~$$jllg200ITT ~#tffl JEilr~sq O :i!J~;tj:tR:1406PTt~tE Ll r 
0A*11Jfl/EVt~&: Vt~&( 1: n) = 4/500*R(l: n)+22. 5 onl:~w, :il&tl:tR:1406PTt~tELl T 0A* 
,Ji}fjJE'.decr~!!: dect~1t= :/i!J\ { ( ( Vt]?Jl!!(l: n)2-Vego 2

) /2) ':li:k { diI'J,, D( 1: n)-2*Yego}} '~ cp diI'J~T 
40*o 
[ 0 271 J :ii& 1Jt :tR: 140 6 PT;® rl 11 J=ll-1:§ ~ '1' t"l 5R ~~it~ ITT de ct!ll~Sq iid \ {i * it 3f _t ffi},Ji}fj IE 
R"J - ~tf.J5R' ep fW~ IP] JJ□W& tf.J *' (ts $ti$ tf.J 5R5f□ 7ff¼1£f.J5R O a ifjf £"J5RZFn 'WlitJt:tR: 
1406PTf~tli5Ll T 0A:®rl11Jff;Eiij!l$$jl,g200ITT:il&ITT l[*:iE.¥UtJJPt § ti:il&, ic.1fv1iM: ViM 
= V1'1ni£(5\S1JiJ)+dectmi~* /\.. t, ~ cp V1'1ni£(5'al1J):ZZ~$$r,§200Sq 5tfrr :ii& ( {71Jfto, 5tfrrmJ.EITT:il&, {±:ii 
&tl:tR:1406f~.HffiiJijri]!fzfrrITT $$W3200ITTJ!&, ~~), 3f HI\.. t:zz~Tdfi~vi'iM~Vi';M°(5'alfJ)Zi'§J 
sqstrsJ o 
co2nJ aw#t1540, )Z)::fI¥JG11 a PHAhWliffi:tR: 14o6Ll~%$$\!,13200R"JWJiiij!l~tEw#t 
153011JffJEsqtJJPt § ti:il& ◊¥f $$jl,g200ITT ':1§frr:il&LlhttEw#Jl53011JffJEITTtJJPt § ti:il&, 
~fEJ1.¥ 5Ll 1 OPT 1PJ /4=:$vJ;i200ITT1Hm *;jt,220, tLliJJ *tlt2305fU/ElJZff IPJ *;.ft240~~fg-=f {1§ ~, 
Ll ~%$$W3200ITT:il&2a:~~ tJJPt § ti:il& o Jtr~ W, ~'1' EllZ$'1'j3ciJJff PTt~ $U1JmlUJE220, 
fffLli}J lU5E2305f□/~ff IPJ *i5E240 o 17Llftu, )Z)::fl¥ 5G 11 OPT~~~ -=f{1§ Jiy, tX {i*i5El ooimflt-fu 
i)lt r· tLli}Jff:iEfm5EB"J .mEllZ~r'\~j}ttM1) 1: $$\!,132008"1 JJ□ :ilff ont~-zv, )Z)::fl¥JG110 PJ,1x:~fg 
-=f{1§~, ¥11i*t5E 100~~$$p,g2001fr~JE:1Jri'Dff ri'D otE~®~JJTu:1Jrt cp, JJo:il& (~~:ii&) R{J 

~15{11iPT¥f $$jJ,g200ITT ':1§frr:il&~tJJPt § ti:il&zi'RJ sq ~o ':1§i~~t1:kst ( 17Llfto, ':1§frr:il& 
ct ::PJJ% § tiit&A lOkm/hr) , {71Jft□, *titl OOPT :@tt~¥:I+>l ff ~it/t:Jij;:f,l::jf F1. --B'i~/4=:$W3200 
a•ffiITT~~~pgZPT~~~~~~M%§~:il&ITT:1Jrt~~*a*~frr:il& 0 fi~~, 
lU5ElOOPT *Jtz{11i:il&~fU:li{~:ff H 0' ~$$llf1200~r-t~~JJTIM~t § ti:il&ITT:1J :r:\*JJTu:1JD 
tLliJ.J o]!~~tt!!, *tJE100 PJ~%':1§frrW&ri~~:tJJPt § tiW& ,t~ffl1ffiiJ~5EITTtLliJJ*tm( ffetl 
ft□ ' mr w;j T!J> J! * r§'J tLl ~ ;]( f H MI )5 - T!J> J! * {~ tLl ~ ;]( f ITT tLl ~ $Q; )ff,) 0 0 3f sq~ )]Tu 7J rt* ::f 
~rffffl%5EITT~~$Q:!fF,QJZ~~:1JAo 
[0273] tEW#Jl 550, )Z)::fll'ji 5Ll 1 OPTtAffi~t'l:xJTI~ffi:tR:1404, Ll¥r1YtlPo?ttJd!ffl 1:. rnJ ~a 
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ir ~ sA.¥ ~ s ofs'i :l2t B':1 H# ill ff B':1 g; '1" ~ 110IE 11ifl JE 11 r $ $rJJ 2 oo z frr B':1 ~ m: B':1 ~ '1"-~ g; '1"-tf9: 
li O 17Ll :tz□ ' Jifr;l;t tf9: ·ti pJ 'E1tJS -1::] r JLl *~ s{] 1ii 11Vf-□ IE!¼~~)]\ fi : ~ JR c¥1f: 1308 'JRlE% 'M Bt E!¼ $ JR 
1M&13o6, as $ITTl'f&, as *~1t$ ,~~ 1~~'1,&, "If, 0 vu ft□ , JiJrJ2t~t1:J2EDJ 'EL1i EE ~'1"-E!¼g; 
t-m:i*ti-i't c w'f :tz□ m:r*ti-7t 1302) 1~:itl1'11* ,~, o r1t1r, JiJr:l2ttf9:M~ PT §1§11ftr~IJ!1J ~ m: 11'1 *Ji'.E!¼ 
~Jll *C PT l2J, ~$$r!§200ft:tiJli~ JltR1ITTJ!&ITT Bl§~) o ~lll'j'L)L; 11 OPTtA{Tt;•tixJTI~tl~ 
1404, Ll¥rti$tl~l□/E!¼0:it*i+•l=533: ®tf9:·ti c vu:tz□, ~m:c¥1£13os, as $ITTl¥nr, as 
$ 5t1,r.$ '~ m:sJ!l * '~~)*~ITT {i Oft ·®~W!:1T:it q:t ')('.)::£_ti!.. 7G 110 PT1Aff tf9:·tixJJ~t~ 
~ 1404 , L2J, t±J Jt t4 ~ m: as **~7') fte ~ c 17Ll :tz□ , 1r * ITT fte ~ ) ITT Bl§ J3!: ITT J3c¥ t*~ o 33: 1¥ ITT t* ~ 
DJ~~§'l:§'~*, iift□ ~)JIJ!U fnJ JJ□Jt&§''b* ( vUfto, ft 1. 5*/tb 2JU 3. o*/tb 2ITT m ~pg) l□/E!¼~ 
:A:f1J11J [Pl :/Joi!Ji'.tlr~§'J.J * c 11,1:tz□ , ftO. s*/;ftJ;2J1J 1. 2*/;ftJ;211'J 1111ll pg) o 33: ®§'J.J \RPI f= ~$ffi 
200ITT~:A:3!&( ff7'11TJ!Re~ITT8l§J3!:) o 
[0274] ft;lJ11Jf1560, )('.):llJ¥i.5Gl lOPT1Affi!nt1f:l:}c1406, Ll¥rftW!JJ/H55011ifJJE!fltf9:•t1* 
it• JiJ#r s{] § ti-if& 0 £ffiITT § ;J:jr,ifJJtpJ &B~ $ffi200ITT £ffii!&5l'P/E1¼7T [Pl L2J, ~:iJtMAff 
rJLl s{] fffriH!iir: ( i )Jtl:A~P~4iU*ITT~m; (ii )-@ffln.;il!Ui~m:; E1¼ (iii) ~:ff~mo 1!:ffiITT 
§ ti-i!/i'.PT {!ffl__l:_ffi ~1f ~ 145l'Ptv~lls:rnfR'i:l£ITTtt#*11JH5E o fJLl:tzo, i!litl~l 406PT ~r 
l=5~m*~ITT~tt#H¥r~$ffi~~/~0:it*~5E£ffiITT§~3!&o 
[0275] ftiv!Jf 1570, ~llJ¥i.5tl lOPT1A1ri!nt1l:l::k:l 406, ~;}JZJ'$$r!§200ITTi!JJtiJl'1i.¥ftiv 
;11s6011Jfl5EITT 1!:ffiITT § 1i-i!& o 33:;f~iJl!i1f PT f! m __I:_ 00 ~-aft-iv ;J1540Wi:l2tITTtt#*3'E!& o ,WU 
ft□ , ¥r $$r!§200ITT ':1'ifrr3!& L2J,R fttv~i1 s6011Jfl5EITT 1!:ffiITT § 1i-J1&, )('.):1il'j'L 5c110PT [Pl$ 
$[#J200i¥rinJrL~fJE220, rlfLli}J*f]E2305l'P/E!¼~[PJ *f]E240~J!fg-=f11§~ ( 17Llft□, g£ EE CAN.~,~), 
L2J,~4$$WJ200ITTJ!Hrr'3z:~.¥1!:ffiITT § ti-J!Hr oftJ3:~ ,~, $$WJ200ITT ':1'ifrr3!Hr7f ~5El=5ftiv 
;~/H530,Jift!JE ITT ~D*El § ti-31& ;t§ ~ 0 f:71):tz□ ')('.):lf. 7G 11 OP} {±-tv;11s60 B g9_ ,Jift!JE£ffi s{] § ti-31 
)Jt' ~ B1i%$$r}J200ITT }l)Jti)ri]IE~in*E) § ti}!& 033:PT~~J'liEWft T $ffi200ITT}l&l=5intEJ 
§ ti-J!&ITT ~tx:A: ( 17UJ!o, :A:rl Okm/hr) it .fi*~ITTJJ□J!Jttx1J\s{]'t'fH£ r o 

co276J ft~®~W!:JJ:ct: q:i, *tJE1 oo PJ¥rxt~m:tf9:·t1ft(JgJHfxJTI~C 17Ll:tm ,¥rfs'i~~m: 
s{] $$WJ2oo:ttJliITT$n'-ITT ~11~:tfrif )*ffirYl£ffiiU § ti-3!Hro !h>'r, ftlUJE100~4$$WJ200-'@: 
Bn:Jltt~m:zFu, *tJt100PT1,1z:1t¼$rJJ2001Jo:it.¥ffiITT § ti-i!Jt, i~mITT § ti-i!&~rffJ! 
m &% s{] 7f w ~ m ITT lR t9: , 33: Ji!Ht5t ;j;[i EE ]UJE 1 O O ~ 1lZ ITT :l:ih 00 Jy: !@ , {ft Ji ix tfrif lP / AA 00 ft ix tfrif 
mHifJJE o 

co2nJ tl1nfrr$ 
[0278] *fJE 1 OOPTrJH!fij#!fff!mI!JJJ}J~t·ti, ffir¥1~$$W]200tl17J ( E1¼~1EgBtl17J) T,~ tm 
JR c @ft□ ':13 frr 1f-: tJJ~$m, JJ□J!E!¼n~st) r ITT frr 1f-: 017Ll ft□ ,* tJE 1 ooPT ti1@1&J1ttn"1Jr g; '1"­
oo ~*~~frr¼~ ~~5Efrr¼*~ITT-'1"-E1¼$'1"-~* oft-~~~ r, ~~ ':1'! frr¼ft~ u 
)('.):~~B1, *;JElOOPTtiJmf&jJl:1!$$r,§20oteiB1Jt1n~~ oft~Btm/;l r, iiPo ;r'JfrJ$ft&% n 
)lb~~ _§_ftjj!3' D IAJ 7f~ms1 '*;]ElOOP} ¥;i@t&tl1f $$r!§200.fl17J~~ 0 *;]ElOOJ2EpJ ¥;1@!& 
¥ r frJ $ITT-'@: fflJtffi _r;tji!z: 1! $ $r#J 2oo;tJ 1n frI $ ITT ~.1"-E1¼ g; i'·i}J 1t o 
[0279] 0016A;f P0016Btikl=50:ff ITT~W!:7J:itt§~JtITTtl17Jfrr $200bftmlE~ 1600a__l:_ ITT~'1'­
E!¼g; '1"-ih 11:: ITT t:¼$r!J200aITT ti~*~ o :tzo 0016A5l'W 00168 q:i ~~ITT , t: ¼ffi200a PT ftmf45 
1600aITT ~~ $mq:tff Jt!:ITT ~61 ~&1frJ$200bo$mPT J:l~lr:mif 1620, ~mil 16305l'P q:i ,~ 
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1610, w15fPw273'11iJtl§jf,$il:Hr':1 ti c'f::in5fPk:1"¥::ln o±$$r8200a5fPfrJ$200b PT7E1fr:fr$i§:cp, {t 

1#$$mllL1~fb· cp +er ,81610J:. o:tlPOOJ1Jr:,f 16A, 17Hm, _::l=.$$m2ooa PT fb·cp+cp ,81610S/,Jk:1:in, 
ffj~ ±$$m20oa ~.:.±r:mtfl620ZJ8J ITT li1e~ Cl.AT ±$rm2ooa ~k:l:intt 1630ZJ8J ITT Ji1e ~ C2o 
x>tttz. r, H1T$2oob mm err er ,8161011'1 tc.m, ff1tH1T$2oob~ t-:mtt162oz.rsJ !'Bftr~c3 
1J\TIW $200b~k:l Jn~1630Z.!'§J sq li1e ~ C4o ±$$m20oa5¥PmJ$200bSq1ftir. pJ Ll~~ !BJ ITT~ 
@o'WIJ:tlo, =l:$$r8200a5fP §U. $200b PTJE1fr:frmft4t 1600aJ:.lfl 1f1PJ tmh ont~W, !ll1't00161\Jla 
~ T A~ t§ 1JU~ tJE ITT mI $ 200b , fg~ 0:ff ITT~ JJffi ::tr 51':3f /f~ I)~+ mI $ 200b'§Jjs t§ 1JU~ tJE ITT 1~ 

[0280] ±$$m2ooas{J ]UJf,lOODJJ!x:1f±$$m2ooa;tJHnlW $200bs{J~~E1¼$~i}J1f o !lo 00 
16BJifrjf,' f11J:tio '±$$r8200a PTti17JHIT$200b1A1Ti'B $il:U:t1v: 0 frtJtfjj$m;f~1v.z.J§ 'li1P~C1 
PT~rli1e~c3 '* _§_fte~c2 PT~rli1e ~C4ofr~®~JJffi1fJ1':cp '±$$m2ooa pJ,tJHjjmJ$200b 
1A1-f 8q $m~1ft' 1t1~li1e I~ c15fPc3~c25f0c4~~ 0 'WiJ:tlo 'frJ::$$jJJ;j200a1l17J =l:$$m200blfl lr:tJ 

1i$m;f$1ft.3f _§_(fr$mt$1ftz.J§ )5E1ft~±$$jJJ;j200aITTtimITTtlOGr 'c1~%1J\rc~.3f HC2 

~% ATC4 0 tH~:l:ih' tE±$$m20oa,tJ{jj ±$$r8200bITT rt] ti$m;f$1ft.3f H}Ei.\L~±$$m2ooa 
sq:t,;lns{J·ti'H£ r ,c1)"1f :krc33f HC2~4f+rc4o 

[0281 J 0016C5¥nOO 16D)1~03TITT~JJffi1f 51':t9~JJl:ITTtl17JmJ if.200bfrl!:tft% 1600bJ:. s{J~~ 
E1¼%'1'ihfFlfl =l:$$m20oalfltgui*jf, o:tlOOO 16Ccp 00jf,lfl, =l:$$m20oa PTtt§U° $200bJ§ffi1-f 
nt, mJ$200b PTfrft% D !Zl:ti~~ 0±$$m2ooas{J *t]ElOOPTi'!x:f!±$$m2ooa;tR17JlW$200bITT 
-Ji~~, :tioOO 16D)ifrjf, o*f]ElOOPT~r~;f~IE]]\( ffi:tlOlW$200b~ifrttfti D p;J ~~sq [n]SJ~ 
m,~ §U $200b~l:tH8 ~~1Un92,±$$\!B200a~mI$200bz.fsJ 1¥Jt§x1ii&& ,~) )[(i!x:1!± 
$$WJ200atl17J1i~~ o5Jjf-, ±$$WJ2ooaPTfr~1~fdtf:r ( ffi:tlO~rmJ$2oob~ifrmff ~ ± 
$$m20oa1rnt1fl-~ITT ii~ ITT t§ !BJ fi~~t§ !BJ i'fl3,5J"1-fnt) tJtfjjmJ $200b o ~r *t3El OOPTii({t 
±$$pij200atl17Jfrr $200bs{J~~ E1¼%~i)Jff ITT~_;~ s{Jj!~:?Vtflri.1frrffi fair 0017 ~ 00 22 
ts'i~o 
co282J fr~®~JJffi1f 51': er, *tJE 1 oo PJ~m:~11i5E~ ifrtJtwmr ti=1¥J~ 5Ef$iJJ O 1u11□, * tJE 
1 o o PT ;i;JrJ 5E : mI $ ITT ;\\t ® t$ ~~rm Jf Mz tl fjj , iE1 )'.l i3: 1~ ;f$ ~~It o(oJ mJ $ ITT ft4t ~ o viJ :ti□ , iUJE 
1 o om 11i 5E : f$ ih ITT j> _m ~11: ~ ( m :ti□ fr ti# 5E * * p;j ii ih ) ~ rm Jf 1~ m fjj o fr Jt B ~ tr'tli 1f s1: er , 
*tJEl oom ~)Jfu fle~ff Ll tt1Jt t±:11W $ ITT y _mf$i)J O fle~ff pJJJl: ff ±$$m~JJffilW $ITT 5E 
R ~ 5f P / ~ ]! ~ S'J ;f$ i}J ( 'WiJ :tiu , ~m) , !BJ st tt 1Jt t±:\ $'1 y _m S'J ~ ~ ~ o(oj lW $ S'J ~ fi ftzHJ S'J ;f$ 
i)Jo 

[ o 283 J 00 1 7 ~ ~ i~ :ff i¥J ~ MI 1f 51': t§ ~ ¥.'x: i¥J rt fit ff i¥J JF 17iJ t!: 11! 00 , i~ rt fit ff Mz ~ ii!i $; rt {it 
ffi r1A1-f ~~ E1¼$ ~~ff ITT tl§4-o:ti□ 001 7 Pfrjf,, 1¥1¼'1ff: 140 PT 1¥(¼'1 $~i/,J :~HJJ}(l 702, ~ ff 
:jt,r.11J11Jffl:tj( 17045¥uiJJfto(oJJ~ffi:tj( 1706 o 0:ff ITT ~ir'tli1fs1':*~~~ rf+fPJtl# JE~m:sq rtfitff 140 o 
Jt!:~ j;, !Z)::fJ.J'j'L 5Gl lOpJ;J'Jl,1-f 1¥{ii1frff{PJ,tJ~l 702-1706 ( §;J'jsfr1¥{i{1ff 140cp) cp 8{]}§4-o 
co284 J fr~'i"'~MI1f :r:\ Lf1 , $mf',)JR1t~1702mff fit!Fx 1tt:11§4-( ffi ~r:iit~+Jlt!t.ili:tdtt:) , 
':13 EB !Z1: l!. ¥ JG 110 fftAi st , i~ tfx 1tf: fl§ ~ 1i"Jf! 5E ~ ± $ $\!13 2 o Oa ITT h nt $ m ~ ~ ITT ~ 1"-AA% 1"-~f.J 
* 0 $mt/,J *PT §1js $mITT er ,8161 o, ti mtt 162o;friklmit 1630 0 $m tf.J *iE m §1rStiic.a 
mfi 1600aEixJ600bITT*®J:.s{J~~AA$~~AAJtBt-'f-'% o!Zt:fEJ1.¥5Gl 10PT1A1-f ¼m~f.J*ffi 
~ 1702 , Ll Jffitt 17iJ :ti□ '5t tfr ~i£1.AA$iii001f 5¥P I AA ff ffl :l:ih 00 5¥□ / AA fftir.JyJE ( 17iJ :ti□ , 1¥ {it fr:l:ih 00 
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tJtJJ5&: 160cp Et':J tttJJ5) *-Pm JEt~5R o 001im PT EB 001itm'1ft~:'l.122, 124:fPl 26 cp Et':J ~T :ax;g;T 
'1fttt'L¥+i~-;Hfr, *§:]ElOO( fJLl:flP, §:i EB &1f£¥ JG110) PT¥!lf!_i:$$pij200atE EB 1c:ill§:I 16205f,P 
1:1:illtt 1630~~ JEIB $mpg ff;liL t[~@g;JMI:1f :r:t cp , :flp*lfe ~ c1AAc2z~ 1J\rtmJEl~11, 91U 
*§:JE 1 OOPT¥3z: 1!±$$M200afil J!i tc.m §:11620AA:t,m §:11630 o 
[ 0285] tE ~'i'--g; JM7J A cp '~}Jf'J=::r&~mU1Jt:tR: 1704 pJ Zf {it~ 1tf:t~4-( i~·:tioit•1JUJt~~ 1tf:) ' 
'3 ctJ &!lfl-'¥'.JGl lOtJlffst, i~~1tf:t~4-1&1mUtE~$$pij200a Bu. hff;l!ITT Bu·$2oob*I+XITT~T 
AA$ ·t-Z9.J 11: o fir $200b PT tE !5 ± $$M200a;t§ lwJ AA-1~ lwJ 1¥1 $m cp 1-f ;l! o &1J£J'(i JG 11 o PT tftAr Z9J 
11:1&1mrntm1704, ~JJlU±fJLl:flP-n\.;ffr EB 001iti'1ft~:'l.122, 124:fP l 26cp BS~TAA$T'1ft.Efxi¥J~ 
tliAA $ §:!i 00 fl* 1&1mu BU$ 200 b*.E[x 1¥1 ~T AA$ TiJJ11: 0 ¥ Ti~ ?J\. tfr 'flLl :flp '&!lfl J'(i JG 110 DJ 
-liJfl JE M $ 200 b E:dt ~$m, B ~ ~ jJQi!, ;mi!, JMIJJo ffJrJ i}J~ o ft jg 5J ~ ~ ,fl;rJ , M $ 200b PT 1A 
fr;j,Jl~}J, 1!1~fir $200bl¥11~Jli*~ $1M:t~5Rlfl JJ~~fmUl¥1 *~fJi/U$/fe ~ :T-[BJ rfir $200blfl 4~ 
m:*=$m§:~*ITT jj~~1mu ITT*= fffia~lfe 1'?!; o 1JLl:tz□, &1fl-'¥'.:n;11om¥r J:. oo iaif OO sA~ oo so 
Wi ~ BS tt# * tJ\. ff 3~:;f~ -n\. tfr 0 

c 0286] a ~1'--'.:t JMI:1f :r:t er , iJ111: o[ri) JS1Z1Jtm 1706 m Z¥1it tx 14t~4-( m-:ti□ it JHJl tJt~ ~ 1+) , 
'3 EB )Zt:f~J'(i JGl lOtAff ~t, ~tx1tf:t~4z-~r *;JE100 ( tiLl:tz□, §:_?>_ EB 1Aff i}J{t:r&1mU1:l:tR:1704) {& 
1mU BS fir if. 200b Jilr*.Efxl¥1 ~T wt$T7ih{t *,pJflJE± if.$pij200a*lR 1¥1 ~1--wt$ 'i" 791 ft o iJLl:tio, 
~ fl-'¥'. 5G 110 m tJl 1r ih fp o(nj JS1Z :tt:t:k: 1 7 06 , ~.:1-,pJfl JE ~ :vJ :tt 1n Bu·$ 2 o ob ITT~ T AA g; T ih fr o i~ ,pJfl 
JEPT¥rfir$200biBZ9.J{f ( fJU:tzn .~~ ,$:i1tt$1:fz: .~~) 1¥1ttlm ,!5±$$pij200a~Itkl¥1 (1L~, 

( ,wu :ti□ , lfe $:i1H4t m 1¥1 ±I& , lfe ~ c 1 :tri c 2 , ~ iq , mlf4t :tri w ±i ~14 c 1JLl :ti□ , :11u_t , -t: m AA~ , ~ 
~), ~ otE&!lfl¥JG 11011Jf!JEtl1nfir$200bITT~~AA$~i}JftITTtl& 1<, &1fl¥JG 11 o riJ:tm 
tt~ r:f.§t3'Gnxi!: fLl:ti□ 1oJ ±$$jl,g200a1B~;ifrtjH;JE220, tLlZ9.J*m230;fP/AA~loJ *i;E2402,t 
~~ f'l§~ ( {71):flp, f?.EBCAN,~,~), l'J~~tz~~ ,$m~{ft, *-$m2ooai¥1i!&~'.ll:~:fP/ 9cQ1f 
it] i.&~o&!lflJ'(iJGl lOPT {!fflJ:. oofaif 004~ 00 7fs!i~ITTtt# ~¥Jf!_i:$$r,§200atl1n~TAA 
$ Ti}J ft O jg T 1l{n ~1--AA$ 1"i}J 11: '* ;JE 1 OOnJ lo] ~;i/rt* ;JE220 'tLl i}J *;JE230;f Pn lo]* ;JE 
240cp ft(J~i'-AA$1"11H~1'.'2tU{1§ ~, ~ ( fJU:tzo, jmj±jijz:{fjJQi2L~~, $m~{ft, ~~) ~~Jt$ 
$p,g200 o ;l!~~, ~TAA$T¥3z:Z9.1 tt PTt'.'2tLl~;i/rt* ;JE220, tLlZ9.J *;JE230;f P/AAn loJ *;JE240 o 
[0287] 0018~~ t±:l !5 0:rf BS g;Jmi:1f :i:tt§ ~J'l[i¥J ffl riH'-ti *-¼$pJ;J2ooam17Jfir ¼200bITT ~ 
T AA $ T i}J 11: ITT ~ 1JH':I: tt .f¥ ITT ;iJrU¥ 00 o tE W !Ji 181 o , &1 fl-'¥ JG 11 o PT§:£ EB fir r &1 fl--'¥ JG 11 o 
-'=J 00 fi'1ftltZ¥ :n;120z.,feJ Et':1ijJJJ5.ft D 128.fill~ $1--00fi o vLl:tiu, ~:rr'itt:001i'1ftltZJ'(i 5Gl 20 cp Et':J 
;t§;t)L ( m-:tz□ 001iti'1ft~.E.122) PJtm'1ft$T00~3f _§_§:}~~:tit#( flLl:tz□, USB<X~ ,i[?f, ~ 
~)~'400111:z~iLl~:ElJ'(iJG11 Oott:~®g;JMI:1f:r:t cp ,~fl¥JG11 OPTt?:EB $T§JJ=rE=t# □ till~ 
$f~Ti¥J $TOO ft◊ 1YLl:ti□, ~flJ'(i JGl lOPT f.A00fttrl5'1ft~l'i122, 124,126 cp ITT4ltTtill'.lz:$ 
TOO ft, 001tti'1ft*:'1.122, 124,126 cp ITT4lt1":l:~PT Jl.-¢:f ~ItkITTt'irl'AHi u fflr !5~fE!1.¥JG110 
~ffi~fflo03fITTg;~1f~ff~~~ff~~kITT~fflgn~~AA~~o 
[0288] tEWJJJ1820;fP 1830, )l):flJ'(i :n;l 1 OPT :rA1f $i§:f;J5Rtl:tR:1 702, jg -1:$$pij200aITT4ltf~U 
11Jf!JE!5 ±$$p;};J200alfl qj;l!-$.m*l:1#21¥1 §:~* 0 &!tfli(i JG 110 PJ imtt-n\.tfrtE~JJJ1810t#4'.lz:ITT 00 
fJ*,p}[JJEt~5R o EB Jlt, ftffe~l820, ~fl¥ JG1 lOPT1l}[JJEft±$$jl,g200aITT'.$~f~UJ:.ITT '.$~ $ 
j]t§:{j ~H f71J:tzo, *-¼$pij200aITT Jr: 1NU!5 ¼mITT Jr::illtll 620zfe] ITT Jre ~ , Cl) , l'J R: tE-ti7JJl1830, 
Wfi k tE !5 * ~ fN~ ;t§ & ITT*= fNU l:. ITT* =$mi~ 5R ( fl~ :ti□ , ± $$r!3 2ooc:1 ITT ti 1~U !5 $m ITT ti :ill 
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ti1620z.,fs] Et':Jftf!~, c2) oft~®~Mfi1J:i:t cp ,)lt:fl-'¥'.5Gl lOP};®u{tfflrfu00;fP/!1¼J§i?F±$ 
$jlJ§200at§x1f $mS"J cp ,81610, tr::illti1620;fP7b:illti1630S"J {ft:'i"iITT {ft:'i"i~tJ6 ( 17Ll:tm, Zf{ii tE 
:f:fu 00 ;yJE !:$16 o cp ITT~ ti ) * ,JiJf! IE t/,J W: o )lt :fl-'¥'-JG 11 o DJ¥ r n\. i-Jr tE ti; #I 181 Mi 41<: ITT 00 ft Ll 
R.:f:fuOO :fP/wt{lf.Ji~tffif lm ~*tiJB5E~~ ?R: i3:i--¥:fmPTt~1Jo1=J~/,J ?R:1':&to"J Ji{1§7]( -5f o 
[02s9J ttw #I 1840, )lt:fl-'¥'. 7L 11 OPTtAfI $mt~ :W.:tl~l 702, Ll iY: 1!±$$jlJ§200attw #I 
1820;fP 1830,pflB'rEITT $i@J/,J:W,: pg 1-fj! o 17Llfto, j_.:$$jlJ§200alfl !:i 1mLlPT'rE{ft~!:i:itltil 6201fl /:i.:ill, 
wt~ ±$$jlJ§200aITT :tt1JIWPT JE {ftif::tr:illtl1630ITT :tt:ill o tti3:t=f:ITT't'i'J~ T, )ltIM-'¥'. JGl lOPT IPJ ± 
$$jlJ§200aITT1101E*;JE220, tLli}J*;}E230;fP/wt~IP.l *;JE240,'.ftJ!Ffl-=ffa-9-( 17Llfto, §5,_EBCAN,~, 
~) , Ll ttf! ± $$jlJ§ 200a iftfl !ilf JtfftJi:# 1l tE $;1H/,J W: pg fr j! o 
[0290] aw~l1850, )lt:fl-'¥'. JGl 1 OPTtAff i}J{t~~NIJ~~l 704, ~J;®j173\.;j,)T 00 {!U#ffrr $200b 
JE {ft a a ti; #I 18 10 ti 41<: ITT 00 ft pg O )lt :El-'¥'. )L 11 0 pJ {! ffl _t TiiHa it 00 5 A ;f□ 00 5 Bfali j£ ITT vz: # * 
t&iNLl$$jlJ§tE 00 {t cp ITT Zftt ox1f'&,t*&:t&iNLl$$jlJ§, )lt:fl• 5Gl lOPT;JiJ}!J&:t&iNLl$$jlJ§if§x1r j_.: 
$$jlJ§200aITT {ftn, J!Jl'. ( 17Llftn, J!Jl'.:fD:1J IPJ ) ;f□ 1Jni!Jl'. ITT$ ~fff t~~ o )ltJl-'¥'. JG 11 OPT f! J=l:Ll:. TiiJ 
~itOO 5A;fP 00 5Bfo'i:lfITTiz#*~J!i3:t¥ ITT1:~~ o Yi>'r, )lt:EJ-'¥'. JGl lOP},pjij5E1=j4ij,ti)jz~1NLl$ 
$iJij *~ITT ff j! $il:t , ~ r vLl ft□ $il:t wt+!; 'L i1:t !Et ;j,jf-ic Ll R. :tr ti; #I 18 20:f Pl 8:1011jg 5E ITT$ i1:t ~/,J 
:W.: o )lt:f_! "'3.)L;l lOP},pjij5EfiJ tp.200b79:lliUi.lliITT*Bzfft~NLl Zf$jl)§, :# 1l tE1=J ± tp.$j!J§200aif9 IBJ ITT tp.)]t 
cp 1-fj! oftw#ll860, )lt:fl•5tl lOPTtft.1-fijJfpfftiITTLltl:f:R:1704, ~2},,pJB'rEw#ll850tEOO{;t pg fft 
1N~ITT1W$200bp}r:',J-OIXITT ·,t wt$·i'Z9.J1t o17Llftn, )ltil-'¥'.JGl lOP},pjij5E: fiJ$200b25t~$:i]t, 
2 ~~, 1JOJ!, ~J!, ~ o Yi>'r, )lt:EJ-'¥'. JGll OP} n\.1fr00ft, Ll PJB'rE1=J1W $200b*~ITT~tL ffi 
ft□ ;It ( 17Ll ft□ , if§ x1 r -=:t $ $)!;J;J 2 OOa 1¥1 ) il flt ;fD {ft Ji o j3: @pjij IE P J ¥ r J: TiiHa if 00 5 A ;fD 00 5 n ffl :i£ 
B"J 13t# o a~@~JMI1J:i:t cp, )lt:fl-'¥'. JGl lOP} n\.i-Jr 00 ft, Ll ,pJfllE 1=JfiJ $200btA1T ITT Z9.Jft*~ 
B"J ~,~1:1: o f71Jfto , {±fiT $200b~~ ITT tlt£ T , )lt:EEJ!.-'¥'-JG 11 OP},pJBJEIW $200blEtf {£3f ~El~~ z 
1WB"J {ftji {1§ ,~,, 1W $200bttiGnx$~~BtITT {ftjif1§ ,~, ,$~~+1i LlR.ffl:i£fiJ$200btE$~~Bt 
B"JJ!Jl'.r'Si.5t ( 17Hm 'g,_u~ ~BtfsJ) B"JJ!Jt~m 0 

[0291 J ttw#l1870, )lt:fl-'¥'.JG 110 PHAhi}Jfr:ufnl@ffi~ 1706, LliY:f!±$$)!;\J200atl17JfrW 
#Jl850,pJfllEITT 1W $200bITT~,t wt$'1""Z9.Jft o 17Llfto, )lt:fl-'¥'. JGl lOP}IPJ ±$$jJ,lj200aITT111frtJUJE 
220, tLl i}J * ;.ft2305fU/wt~ IPJ * ;.ft240,'.ftJ!fg -1' {1§ ~ ( ,fy1Jfto, ~?. EB CAN ,tH~) , l1 if!!ll,'.ft */4::$jlJ§ 
200aB"J~~ ,$m~{ft,J!Jl'.2&5t5FP/wt1JIP.l i:&5to Yi>'I', )lt:flJ¥JG1 lOPT~frt~tJH4Hi,8, Ll 
51 8' ±$$jlJ§200ai't':J{ftJi;fPJ!Jl'.r'Y:5t o lFiHi,8 PT¥rEB g;r915:t ( 17Llftu, ~- g;r915:t HP-½ ~Hjf­
$$p;!;J( ffiftDfiJ$200b )*~s"J § 11f~11f:ZZ?F8"1 $mi-ti~ ( 1JLlftD, cp ,81610, tr::ill~l 1620,:tt:ill 
~f 1630, ~~) o)lt:El-'¥'. JG 11 OPT iftfl!ilf $r,OO;:tl¥J *;y:, {JtfilE4Hi,8~~ f=i ;j,jf-~;j,jf-o )lt:El-'¥'. JG 11 o 
iE pJ ¥rt00 'rE{ffia~ ~ ft~i1i,8 ( 17Ll ft□' if§XiJT ti.mill 620lP:tr:illff 1630) {ffia~ 0 ft)lt:fl. JG 
11 oi)i/J ~ $ J_m:r:t *tt1H .. ui1:;::Ai: fffia~Bt , )lt:Ef-'¥'. JG 11 oiE m n x1m mafi f:;:: ,12. z rsJ s"J 4ij,tfi 
iU B"J ~ m* f I W JaHffl tltPJ11§ ,~, o 
co292J a~@~JJ'ffi1J :r:~ Lfl, )l)::El-'¥'.5t110 ( wu ~□, t2 EB 1A1riJJ1tufnl@+t~1706) ma!§WJ ,t 
$$p;);J*~ITT ~~fftJi ,i!&5fD/wt1Joil&~/,J:W,: pg jijz:{!-=:t$$p;\J200atl17J1W $200b o17Llfto, ~/,J:W,: 
PT~~&f Jf ±$$jJ,lj200a!§fiT$200bzl'RJ ITTf001E~1}ftfi ~ ( 17Llfto, ic1'::ftfi~) wt$$j),ljzfRJ ITTJ!ll 
;fu / Eix.1JP i!Jl'. ITT tOO IE :il A :f&. o EB Jl:t , ft□ 5'! ffi {JJ 1W -4: 200btA 1r ITT i}J ft~% :ii.& ~,t wt$ '1"" ~/,J * 
( 1JLlftD, tl17J.1JPJ!~%Wjy:3:.$$jlJ§200a..*'JtilifiJ$200b), JJ1Ll)lt:ElJ¥JG1 lOP}jy:f!±$$jlJ§200a1§ 
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f1Ht1hfrr$200bi't':J~~~~~i}J1t O !tHr' 1't~fr111hfrr$200btA1TEr:JiJJ1t ( 17Htu '$:ljfft 
{tr) s{J IPJ st, !llf~-5Gl 1 OPT¥!z: 1!±$$pij200ab!~~Rfrr$200bS{J:i!/1JtmJF Jitltf--'=Jfrr $200b 
S{]fOOJ.Efi!e ~ Eixddtfi!e ~ o !llfl. 5Gl 1 OJG!vt:i!DJJ!U±JJz: 1!±$$pij200a: ( i) ':13 f8J fi!e}(rfOOJ.E 
ii 11 \ fi!p JI ~t , ::;f ®r tliHli 1::5 HIT$ 2 o ob i1'J fi!p JI ~ fi!p : ( i i ) ::;f ®r tliHli ± $ ffi 2 o Oa 1::5 HIT$ 20 ob i1'J :i! 
&zJs] ITT ~fi!e; 12),,& (iii) ~%frr $200bITT JJP:i!&IZ1Wc~i::5JmJ.Et'DJR~JJz:ITTlil& 079 7 t~fffLllK 
®ih fFB'Z i~=ttlff iu 1t ¼f¥nr, !llfI-'¥'. 7G 11 oPT~r 1=.i ~u· $2oob81.J ':13 ~u·rynmufi!e I~ ~st~t4lt~ 
ZJb ft 1=J tx!i~Jf1L EB 1l=L 17Hzn , fr 1=J frI $2oob ITT !Ee~ ~ 11\ ot, Jl:!::k ITT tx!i PT JJn#Ll~:i!J:., rm ~F 
IZ1 jlljcfrr $200b ITT JJpJi o 
[0293] 1t 79 jj ~~fy~, fr±$$pij200al2J,}(firu $200biit@'.SjJit@'.ti:lliiru $200bITTt#1JL 
r, !ll:fl.5Gl lOPT~f!±$ffi200a~f$fi~:i!, f!1~~ lm-i' $ffizJsJ o{J fi!pJl~rt005E iz~fi!p 
~ ( i,i";·:!zo:fd\R!Um:fi!e~) Rt, lm~ $ffiITT:i!t@'.;tg[E) ofrjj~ ~,ty~q:i, frfrr$200b~~ t±:lflfr± 
$$pij200a~U .h8j·t#,£ r ,J!2:1!lm~ $ffizJs] 1flli1e1~ !J\r:iluJ\fi!~~fffi!e I~' !llfl-'¥'. 7Ll lOPTJt,ft 
±$$pij200a~i$fi~:ill:J,J&¥j,.~ti:llifrr $200b, lwJDt~JJn$ffizJsJ ITTfi!e~ 1'l:¥UilUe ~ ¥Uts::ii 
1J\ fi!Rllm:fi!e ~ o 
[0294] l?fl 19 JE~ t±:11=.i 0:ff BS ~Jmi:7J:ct:t~ ~¥Jz:ITT ffl r¥3z: 1!±$$PB200c11et~1J!Hnfrr $200h 
s{J~~ ITT ~17Hi.ct:f¥1900ITTilrU¥00 ofr-zvBJl 910, :tzoJ:. OOtaitOO 18ITTt/7BJ181 OfsliJ!ITT, !llf! 
-'¥'-7G 11 OPT §':2 ctJ ill T !ll:El-'¥'. 7G 1101=.i 0011~1+:Z-'¥'. 7L 12ozJs] ITT ~:HJMt D 128ti4i$~00110 fr 
t/7BJ1920, :tznJ:. OOtaff ~ 18ITTt/7BJ1850t/i'iJ!ITT, !ll1I.5Gl lOPT=tAffZJb1tf&1mrnt~1704, l:J, 
Jffi.d:?J\.1fr 0011~%frf $200bJE 1:ll tE-zvBJl 910:tfYiITT 001:;t pg o tEt/7 Bf 1925, !ll:f'l:!.. 5Gl lOPT11~1T 
i}Jf1=f&1mrnt~ 1704, l:J, 1!fflJ:.TIUtaif0018i¥Jt/7Bt1860fsli5!1¥J ttJi't)f(,!iJf!J.ElW $200b~ ~frb!% 
D !11~~ o:!zOjlHJf!J.EfrJ$200bfrlE% D !11~~ (wBJ1925, ~), IJ!Llfr-zvBJ1930 ,!Jlfl.5Gl 10P} 
itfr1'.*-$$pij200atP~~tl1nfrr$200bITT~~ o ~ IJ!Ll (w~H925, ~) ,.ct:f'1H900taW:o 
[0295J 00 20~~ t±:11=.i 0:ff ITT~ JJm7J:ct:t-§ ~JJz: ITT ffl T 111!±$$pij200atl1n~=tet~ frJ $ 
2oobsj~~ ITT ~1YHiUf¥2000ITTilrtf¥OO o frwBl2010, JloJ:. OOtaitOO 18ITTW.fll181 OtiJ!ITT, 
!llfl. JG 110 PH£ EB f:llr!llfl. JG 1101=.i 001l~*• JG 12oz. fsJ i¥J JyjJ~Ht D 128:tf4'.ll:$ ~00 
ft O tEt/7 BJ2020' :tzoJ:. 00 taitOO 18ITTt/7BI 1850fsliJ!ITT '!llfl. 5Gl lOPT=tA1rZJb1ttt1mU1JJ}( 
1 704, li Jffi.d:?J\.tfr 00 ft~%frr ¼200bJ.E f:llfr-W .f\1201 oti4'.lr ITT 00 ft pg o fr-W .f\12025, !llf,. 5G 
11 o PT=tAff iJJftf,&1mut1~ 1704, l:J, 11 m 1:. oo ~a* oo 18ITT w Bl 186offi:i£ITT tt#*m J.Efrr * 
200b~~frlEZ. D !11~~ o :tzu5f!'5JflJ.EfrJ$200bfrlEt D !11~~ ( WBl2025, ~), IJ!Llfrt/7~2035, 
!llft•JG110 PJtftAiiJJ1tfi1mut1~1704, l:J, 11m1:: OOttiroo 18s{J-zv.flt186ofsliJts{Jtt#*'6Jfl 
J.ElW$200b~~tEfil% D pg ~ilL ~ IJ!U (t/7Bl2025, ~), :l±l1t200Ma5Ro3ZD:W'5JfJJ.Efrr$200btE 
JE% o pg ~ilt( WBJ2035, £), IJ!LlfrWBJ2oso, !llfI• 5Gl 10PT¥Jz:fi±$$p,g2ooa=tet1Hl1nfrr $ 
200bITT~~ o ~ IJ!Ll (-W.f\12035, ~), fr-W.f\12040, !ll:f, .• 5Gl 10PTJ,!z: 1Jt *-¼$pij200affi1nfrr ¼ 
200bITT~~ o 
[0296] 00 21 ~~ t±:11=.i 0:ff sj ~Jmi:7J :r{:tB~fxITT fflrr!2:1!-=1::$$pij200ati1n~~frr $ITT~ 
~ ~ $ ~ i}J ft ITT jj ~ ~ 1YH':I: .ct: ff 210 o ITT 1JrU.% 00 o fr w .flt 211 o , :tz□ J:. TIU ta if 00 18-±v .flt 1810 ffi 
Jtsj, !llfI•5Gl lOP}t~ EE1:llr!llfl. jf:1101=.i 00fl~*•5G120ZJR] ITT~Jjfisti D 128:ti4'.ll:$ 
~00 ft ofr-W.f\J2120;¥u2130, :tz□ J:. 00 taitOO 18ITT-W.fli 1850fsli3£ITT, !llf, .• 5Gl 1 OPTtA1f ZJb ft 
f,& 1mu tt~ 1704 ' l:J, Jffi.ct: 71' tfr 001ZZ i% ~~to~= lW $ IE {:ll tE j; Bl 211 ott4'.lr ITT 001ZZ pg O fr w Bl 
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2135, :£t:fJll.1¥L 5Gl lOPTttiA'f l9J{f:r&~mutf:f:~1704, Ll {tJtLt rnH6irOO 188':J-ti5-#ll860fs'i;l;ts':1 H# 
*mJEffi-ru$M~ITT~~~~~~~+m~ru*m~-~*mJEffi-ru$M~ITT~~~ 
1.?::1J\rffi=mr $~4H.?:: ( tl;JJJ2135 'te) '9!Uft!V#l2140 ':£tfJll.1¥L 5Gl 1 ODJfjl: {fj_.:$$l\§200ati17J 
ffi-M$11'J~~. ~ 911J ( t1;~J2135, ~), j.1J¥21oote7R. 
co291J 00 22~~ t±:l 1=J 03f Bs ~iffil7fAi'9-¥3l:ITT fflr~r--B'R1UlJ ~*i!il:~±$$ll§2ooatl 
1n §Li" $200blfl-1'~~1'ihfFlflJF1:?Llttttt¥22001fHJiU¥OO. ft717!JJ2210, ftp_t ooteif 0018 
ITT t!;Ibf 18 lOWi;l;tITT, :£tJ_tg_1¥L 5G 11 OPTfi EB {ftf :£tJ_tg_1¥L 5Gl 101=J 00 fl$t!:fY.1¥L 5Gl 2ozJsJ ITT Jtti 
ti D 1281i43C~1'00{t. tEtl;JJJ2220, ftp_too~ifOO 18ITTtl;BJ1850tlo;\;tBS, :£t:fJll.1¥L5Gl lODJtA 
ffi}J ft:r&imUti~l 704' [2),;@j17J\.ffr 00 ft~4BU $200bJE{ftfttl;BJ221 oti4XITT OO{tpg 0 

[0298] ft!V~l2230, :£t:fJll.1¥L 5Gl lOPT ;@tt5Hfr ft!V~l221 Oti4X i1'J 00 {i*11ftlJEM $200bi1'J 
{ft.if.{§,@,. $$200bITT {ft.if.{§)~, PT=r~ ~$ $200bi'9xtr±$$pij200aBS {ft.if. .:£tfJll.1¥L )Gl lOP} 
;@ttftffl_t oo ~if 005A~OO 5Dt~;\;tlfl=lt#*JJ\.:tfr001i~j:fi.¥Ll §u· $200b!fl{ftl'i {1§ ,@, Lllk §Li" 

$200b:'7lf&XITT "!' QXg;•i"l9J{f. 
[0299] tEtl;BJ2240, :£t:f'l:!.1¥L 5Gl lOP}~'1fft;!v~223011JflJEITT$ $200bITT {ft.if. {a ,@,1=} ffiJEtfu 
Pfl Ji ti ( 17Ll ftp , # frftOfu Pfl Ji ti J$16 o q:i BS Ji ti ) tt fl . vU ftp , im tt )j4f 1ft .'i.1~ ,@, 1=J ffi JE tfu Pfl Jt 
tE~~ fl' :£tr!¥ )GllOPT1iiLl$ if-200bITT fft.'i.~:1-~ 0 yj)'f ':£tr!¥ )GllOP} ~ffl~JEJthOOJJz 
tE , fr 1g 1=J ft ;1v JJf 2 2 3 om JE ITT 1ft ?r. f§ ,@. * lfk ITT ?r.181J( -'f ITT t~ 7F ~ • 

[ 0300 J ft ti; !JI 2 2 5 0 , :£t lJll.1¥L 5G 110 pJ :im tt ,Wu ftn Ji![Uj BU$ 2 00 b * !:IX BS l9J {t * irJ §1; 55 BU$ 
200b*~ITT--B'R1W5 ~ .:£t:f'l:!.1¥L 5Gl lOPT~4$$200b*~ITTi)J{f ( iYLlftP, tEtl;BJ2230flHEJJ\.:tfr 
oo ftrm11JriJE) 1=Jt1;1J122401¥JffiJEtt11ooitti*!tk-EB .r1t, --B'AA.Jn ~ PJt~JFfAh ~®iJJ1t ( 1:?Llft□, 
~~ .. $iltf$1ft, ~~) ITT$$200b:£tr~-{ftl'i~ti. 
[0301] {±tl;JJJ2260, :£t:fEJ1.1¥L 5Gl 1 omtJv/-f i}J{fUlnJ@m:f::R: 1706, ~.J~r{±;!v #l2250irJ§tITT ~ 

Rn.in~*_§. 11'.ffl _too ~if 0018ITTtl;JJJU 870fs'i;t;tITTtt#*T~k~~¥3l: 11'. ±$$pij200atl1n$ 
$200bBS-1'Elcltt1'l9J1f .1:?Hm ,~.:tfttlHhifJJ\.tfr001t( iYLlJLo ,ftt!;!JJ2230Hi:~r&:1U¥Ll~~ 
RS 'tl& r· , ':13--B'RJf.Jn ~f~JF$ $200b B ~r}J--B'RJt~d>-5t;~$~ ~ Bt, :£t:fJll.1¥L JG 11 o ( 1:?Llfto, 
i£EB l9Jff O[ti]@,tj)~l 706) PT¥!£11±$$~200at.l1n$$200bITT~~ .]!-J~lUtl!, ft--B'RJ1Jn ~1~ 

JFBU ¼200b B~r}JtJ\,1fi8:1-¥:ITTi}Jff ITTtt,5r. r, :£t:ff1¥L5cl 10P}fl[{t *-¼$f!320oam1n$ ¼ 
200b*IIXITTl9J1f. 
[ o 30 2 J s, Rn.$ $r!§ l2J, itlV!:~ yj - $ $iJJ;J 

c 0303 J * tJE 100 PHJlHt!/i1i: #1 flH~ WJ r;JJ ~g,~1:1:, m r ~ ~mU$$\!,13200~1t m:JF _§. ilia ~~m:ii iA79 l'i 
r¥3l:ft mft□ 1=J !h-$$~ ( 1:?Llft□, f=i ti$$~Hiltlti¥1 Jxe~ir 9!U q:i Jt~m:.wLlft□, ft□ *11}ff JE f=i ti$ 
$~1ftr 1=J$tw]2007G[B] ITT $m q:i, IJ!U lUJElOOP} {1$$~200j'fg1iJ$3'GAAxt § ti$$~ITT~!Ef! 0 ft□ 

*, ft'.YG~~~zru, *;jtJ0011JflJE § ti¼$f!3iE:lt!:J\¼$f!3200ITTff:lt!:¼ilt, *;jtJOOPTiHt¼ 
$pij 200 q:i itiW~. ,wu ft□ , q:i itiW~ mg 1rS ¥3l: 11 **rJJ 200 ;u iJJ §,,\a3l: 1i $$pij 2001~ Jt;JJpJI. 
[0304 J ]lo 00 23 41 OOJFITT '$$r!§200P}fffilftmNZ.2300L O $$r!§200P}jlljc, ~~ *;}El 00ft _§. pJ 

~iffilfffiiJ 0:ff ITT ~!Jffi7f A%:i.RJJU +m~1* l:J.lk ft+m~1* pg ~ft+r\!,13200. *t1c100:i1: PJ fJE 
:lt!:$$~200{j t±:l ITT~m 01:?Llfto, *tJE100P}11}ffJEtl%tikN ft i"F$$M200~ii':tfu~m, ft□*ft~ 

mJJHsJ·tt%~11:~ ,9!UiHt¼m2ooq:i Jt~m. 
[0305] ft□ 00 23JifrJF3f _§.fto5t; §U t§xtr 008i•Hf2:-ITT, $$r!§200P} §1jsffi-$$r!§f~U802, ffi- $ 
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$p,lj 1ITTIJ 8021i!B * ~ $i!:H{] 5R 2302PT ~:ii::*~ li!B ~ 805 o ~MJfu, $$p,lj200PT §}'rS--'=:i * ~ $$p,l] 1NIJ 

802t§&s{]* -----:$tfp,ljfJJllj812, * Ji* ~.$tfp,ljfJJllj8121teffi ~.$il:tt{]*2304 m l::},:fi::ffi-----:1te ~ 815 o 
b:J,i8:1~1.fA,ffi~$:i.!~j{]*81olriffi=$:i.!H{]*2304DJ~~5E$$p,lJ200DJ1fJt!:ITT$m2330o 
[0306] *fJuoom 4f FR OO{tmiJd~.i'.122-1269'l [t(]~-1'~~-i'iJORIE ~-i'OO{l*11ftl5E 
ffi~ $J1~j{]}R23025frlffi=$J:Mj{]}R2304 ot~;J:Ji5~®~iffil1.fA, ffi~ $J1H{]}R23025frl/wtffi= 
$:ii~j{] 5R2304 PT ctJ PT IBITT $m:i11.W ( flJtti-ieitEffe-tHm _t 8{] t~) iJ~111J o !h 5'Ht'1~~1~:l:fil, * ~ 
$mt{] *2302lri/~ffi=$mt{] *2304 m §1js ffe% mi ITT ffe%:i11 o t~ffl ·® ~OOi::tr:ct, * fJE 1 oom 
;i]!Ui iJU11J ffe4Hm ~ Jt 23 20 ITT 9'l ,~ ( ~ ~ $$p,lj 200 DJ fttHi-B' BfL £rtr ITT 1f 1PJJt B ¾~ ITT mffe4Fl~1iE) 
*~ifl5Effi~$m:t{]*23025fQ/~ffi=$mt{]*2304o'l5Uftri, 3t~5Emffe%$mS~ilt,f~MzOfiHi~ 
~J:1:t'f:'.1.f:i:\JJlMi-:'.&~t, *m1oom *IRi8:1~1.f.rl'.:iR!tilJ$mt{] !Ro 
[0307] 3~~ § tiT;$$r,s2310Rt, $$r,s200B{]~J1taJ~t EB r § 11T,$$r,s23308{]$JLJ2£r>Z:~rm~ 
~ ft o ctJ Jlt , * AA 1 oo PT£ r x1 00 {tJrln1t ~ l'i 12 2-12 6 9'l ITT ~ '4' ~ $ '4' ~ l+:Z ITT $ '4"' 0011 ITT 7:1\. 
tfr*i9-111J § ti-$$p,lj2310o *t]ElOO~pJ iR!tiiJ § ti-$$p,lj23101f;l£s{]ffi=$m2340 oJtt ·i/7, * 
tJE1oom~Jri5Em=$m:234o~NJG1nJ r $$p,lJ2001rJt!:ITT -$.m:2330 0 ftri*m=$m:2340JG fnJ r 
$m2:-rm, Y!Ll *f]ElOOPT~ii!rnxtf $ffi200~t'©%~~ § ti-$ffi2310o 
[0308] *;JE 1 OO.l±PT£r $'1'-0011*~ ~~lj § tiT; "tf $r,s2310 o 1Jljfto, * t]ElOOPT ~ i~IJ § tiT; tp $pij 
2310ITT {tr. ?r., @fto~ imu B ti-$$p,l]2310:t§x1r $$p,l]200, :t§x1f*~ $mt{]*2302lri/~*= 
$mt{]}R2304B~1iz:n ,g'@x11iz:n~:t§x1r ½ ·£l1t~ITT1iz:lio ½5'Hfu~~1~rfu, ~i~lj § ti-$ 
$p,lj2310ITT1ir.i1.PT§tJS1ti~ § 1i-$$ilB2310ITT:l!lio 
[o3o9J fto**tJE 1 oo~Jri5E f:=l ti$$\!J3231 oJEJt!:A-+-frJ32001rJt!:ITT $m233o, Y!U*tJE 1 oo PJi~ 
{~ $ ~200 9'l JtM § ti-$ ~2 31 o ITT~~ o 15U fto , * ;JE 1 oo PT¥~{~$ $p,g 2001~ Jt;JJo i!~Jt!: 1-f *Ll 

i}J o ¥Hr:l:fil.!:!.IG,H~:l:fil, *tJHOOPTa~ilf"tf:ii~o, i:tffto:il~o$m2008{]~1l'E.in 9'l Jt~mo 
[031 OJ 00 24A~--1=5 03f ITT ~Jn[:1.f .r\'.:t§~f~ITT ff{itff 1408{] 5f15Ut':!:tl!OO , i~ff {f ff 140PTff 
fr! ffl f tA ff~ '1'-~ $ '1'-~ 1t ITT -rn 4- o ~o 00 21A Lf1 00 5f ITT , ff frt ~ 11 o nJ ff {it ffl f i9-:!tilJ § ti-$ 
$)!J3R{] ~-~ ~$ ~tl~lO*X 9'l fa1j~ft(J OlnJ@o fJHm, ff{ic/'f ff 140 PJ ff fit $mt{] 5Rtl~2400, f:=l 

ti-$$jl,g~JRtl)}(241O,tQZ9]{1'1l)}(24150 
[0311 J tt~'4"-~nm1.f:i:\ 9'l, ¼m:t{]W:m:t:1(2400PTfffit=llt4-, 3 EB kt:fE!1 .• IL110tAffS1, i~ 
m 4-pJ t-&i~lj * _§J~ 5Effi ~$mt{] }R23025f0 *=$mt{] }R2304 0 WU ~o 'kt:fll'j'L IL 110 pJ tftAf $ 
m fJila-1:Hl :ff!: 2 400 , b:J, kt :flJA ~ & ~ '1'-00 {iJi ~ ~.m.12 2-124+:t lli i'r':J $ '4"' 00 {i * _ft :r& i~IJ ffi ~ 
$mt{] *2302loffi ~.$il:tt{]*2304 o ~o_t oo Wit ITT, 13: PJ §11Si9-111Jo~.r1~s{] $m~~tiidtm 
,fO/~~miJ]ljj!% 00 ITT 9'l ,8 0 kt:fl. IL 11 OPT£r _t 00 ~ ¾00 5A~ 00 5Dfa1i~R~ nt7[(~;[f 1ftAfis:,f~7:1\. 
tfr 0 

[0312J tt~!~~JJ!h7.f:i:\ 9'l, § ti-~Jll(m:t:1(2410PTfffit:f'~4-, 3 EB kt:fEJ! .• IL110tAffS1, i~ 
m4-mt-&i~lj § ti-$ffi2310ITT fffr3f _§.~i~lj § ti-$$plg2310ITT1iz:jL fylj~Q, § ti-~.!Rtl:tR:2410 
PT )lt:fl$'1'-00{i, b:J,,liJ~IJ::J+ lltJ~IJ § ti-$$rJ;J2310o !H5'r:l:fil~~1~:l:fil, §}Aff § ti-~I:octl:tR:2410 
Bt ,kt:fl.JG110PJtl4i)[<: § :t~5f § ti$$f\132310ITTfffr)f0/~tili,8ITT !fj~tJ~~:ttt:*tJEB{] 
[1§ ,~, okt:fl.IL110PT£r _t OOta¾005A~005D1'~ITTtt::it*1A1fi8:,f~7:1\.tfr o 
[0313] kt:fEJ!. ILll OPT~m:nx~Jf15E~'1'-~$'1'-X1:t. ( i:g.fto¼$pJg200[)i1 ili:B{] § ti-¼$rJ;J2310) 
s{] fffr O ,Wljfto § ;t,if-$$j\§2310PT EtJ5tE$$jlij200[}f1ili:ff Jtl:s{] !fJ~ $$rJ;l 'i~ftolC-$' i-° $AA~ff; 
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* o x1r4i~ § -ti $$ll§231 o, ~fl-'¥'. 5t 11 om ,pfirl 5Ef!ilatt.m mo 1!ilatt.m mm 'E1:ri ,pfirl 7E fr -!t ':13 ~ 
fm1~iH:fz:l'i cp ~ ,ti,$$ll§2310~ ~~%1:fz:+ $$ll§200B"Jfrn5Emll pg o PD*~f_'tl-'¥'. JGl 1Q,pjij5E ~ ,ti,$ 
$jffj23101:fz:r~~%1:fz:r $twJ200ITTfm5Emll pg, IJ!Ll~fl-'¥'. JGDHJfl5E = 7'J1!$$jffj2oo~rt § -ti$ 
ffi2310 ,fr*~ $iltt"J.5R810:f□*=$iltt"J5R820pg ~~~ JE1iJ%0"1~faJ oPD*i9:~ JE1iJ%0"1~ 
i'aJ , IJ!Ll ~ fl-'¥'. JL 11 o PT tA {I ~la o PD*~ JE ~ITT~ i'aJ , IJ!Ll ~fl-'¥'. JL 11 o PT ,pjij 5E fr$ $jffj 2 oo !5 § 
-ti$ $ll§ 2 31 o zJaJ fte 1~ t;J/H;1Lt .. ~ u· £~~Jr:. ~ 8"1 st raJ t1 rt B -ti* $ll§ 2 310 o ft□*~ Jr:.~ 8"1 S1 raJ , 
1/!Ll ~I_'tl-'¥'. JGl l OP} fa Z91~~J;i~1ffiU$,tJlZ9112), ~rt~ ti$ffi2310o ffi;f$,t}LZ9JP} El3 ~I_'tl-'¥'. JGl lO;fj\, 
fr, 1tri$$jffj200ITTtiiJJxJ~1&1~ rm a f-ffirm ~r3£ 01YUP□, 1~titi$DJ J:t"J 7')0. 1s*1t!b iu 
0. 7 5*/f!b O 1fnof$,tJli}JDJtA1f T'J1!zi1inof$,t}li}J ITT ~Aim~i~% 2t"t fr$$j\§200 ~ xJ~825Z.!'8J 
OS j's] ]fp;JU.a D"1 ~t f~ 0 ftD*i9:~ )E 1iJ37 OS ~t j's] 'yJiJ~:fl-'¥'. JGl 1 OP} fa i}Jff;l]i}J '~}§ fa ibf!iii\f~,rJli}J 0 
[0314] Jt!:~j;, ~fl-'¥'.JLllOPTtAfr ~}Jfttl~2415, i2J, cp lL$$jffj200~~ § ,t1~$$ll§2310ITT 
it:tLl o fto* B ,ti,$$ll§231 O::ffr$ffi2001fl $ili2330cp, IJ!U~tfl;frihfFtl:f:}H230cp 8st~4-PT{t 
$$ll§2oo~g%:G~~ § i'i$$ll§2330 o rt rm, ftn:1l'JA1f § i'i $$W3$tltx'.:tJt~241om~ § i'i$$W3231 o 
jf~j]tJt!:)\$$j\§200ITT $il!2330, IJ!U~f':ll.-'¥'. JGl lOPT¥l1T'E1trStEi}Jff:tl~2415 cp BSt~4-12J, cp 
Jt$tw]200ITT 1tilt o #UP□, ~:f~-'¥'.JGl lOPTrPJ $tw]200ITT1Hfrt*tJE220, mLli}J *tJE2:10:fP/~~ rPJ 
*t;E2402tJ!Eg i'-1§~12), cp lL3tl!iL~5'rJmwtw1~Jfil,~:f! ¥·JLPT1~1!+1:'rif:@~p2tt±:\ 0 
[0315] 0024B00~ T !503f lfl~nllih:rtt§~J1z:8s fflr~Mf~)\$$jffjz cp !fl $$jffj8"J~1fH't 
rtti2420BS1JrE:fi~ ortti2420PT iR~Ll~~5E f $$jffj( 1:?Upn, $tw]200) 1rn!:8"11rn!:$iltss $iltt"J 
*' i,9'57lj3f ~1~Ll § 1i-$$WJ( 1YUPO '$tw]2310) '* H 1!$ffi~g~~~ § 1i-$$jffj~~PO*'P}ij]E § 
~$~~Jt!:/\$~ITTHn!:$ilt~cpJt~~o 
[0316] fr!P#l2430, 001ltrfl$t~:'!.122, 124lP/~126cp ITT~&~~ PT$t!tx'.$$j)Aj200j)H:ili!X 
~ ss $ ~ 00 ft o 1frJ ft□ , 'E1t!f(± 001l$t Itx'.-'¥'-JG 120 cp BS t§ ,tJL Cm ft□ 0011m$t~lr.122 ) PT m $t $ 
~OOfl# lltf~~jlf~( 1:?Ufto, USB,x~ ,i'f.?f .~~)~%00{lbtJ!iU~fl-'¥'.JG1 lOofr~®~ 
nlli7J :r:\ LfJ, ~fl-'¥'.5Gl 10nJif El3 $-1"'9&.thHi D titli g;f~~ITT $~001101:?U~o, ~fl-'¥'. 5Gl 10 
pJJA 00 flm$t~.i'.122, 124, 126 cp ITT4ii'-:tttlt$ i'-OO fl, 001lm$t~.i'.122, 124, 126 cp ITT 4i 
~ J)JpJ Jf._ff ~~ITT;j(thHi D mr !5~:fl-'¥'. JG110;®[§;5lths O 03f ITT~Jm!7JAH T,~~ r1ffiiJ 
ti# 5E BS~ :J:JUi u :ttJ jfrnx: t,JJ i5l o 

[0317] :flr *, frW#J2440, ~flJ¥JG110P} [!fflil EB ~tE:tt n 128tl451:ITT $-1"-00 fi*m 
5E fr*~ $$jffj f~Uso2_t Et'~*~ $mt"J }R5fPfr* _:.$$jffjf~U s 12_t Et'~* _:.$:i:§:t"J 5R o {J~ PU, ft 7'J 
~nllitl7~J2440SS~ rm1} '~:E!.-'¥'.JGl 10 pJfftAi.$iltt"J5R:tl~910BSt~~ 0Jt!:~tl7' ff T'J,P}ijJE* 
~ $ m t15R :f□ * = $mt/,J 5R ITT ~'l'ffl ?J\., ~fl-'¥'-JG 11 o PT 11ffi_t00ia~005A~ 00 sow ii ITT rt 
f£cr Bs~~~$-1"' 0 

[0318] frW"#l2450, ~fE!1.-'¥'.JG1 lOP}$tlt( § i'i¼ffi2310 oT'J T $tit(§ i'i¼$j\§2310, ~fE!1-'¥'. 
JGllOPTfAif § i'i.$$jffj$t!fx.:tJ~2410o1:?LlPO, ~fl1¥JGl lOPT1A1f1~4-*7t111"$t!tx'.8"1001J, 12), 
·i-frnrJ § ,ti,$$j\§2310ffn!:ITT*=$m2340+f: Jl,pjij5E § ,ti,$$j\§2310~Nfr$$jffj2001fn!:ITT$m 
233ocp hn!: 0 i3:5frJt,p]ijJE PJ~r ...t@ m if OO sA~OO sota'i:J£B"1tt::t 0 
[0319] fr:lv#J2455, ~fl-'¥'. JGl lOP},p}fjJE § ;J;i,$tw]23101fn!:8"1%=$m2340~N7f lBJ r 
¼$W32001rn!:8"1 ¼m233o o 
[0320J frW!JJ2460, :tio*ffi=.$ilt2340:;f !BJ r $$jffj2001f Jtts"J $il!2330, IJ!U~flJ¥JG110 
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PTft$$p;J.J2ootrn1V$~~ § ti$$p;J.J2310o3/JT 1:t$$p;J.J200~~·~~~ § ti$$p;J.j2310,~fl•7LPT 
tfaAriJJ1tt1m2415 0 

[0321 J :ti r *, ft?V#l2465, ~fl• 5GllODJ1A1r § ti$Ulxt*m2410b:J, 1l~U~Ll § ti$$p;J.J 
231 o o ±3:PT §;J=§fti~ § ti $ffi231 o i1'J i!JiJt _§_ ,/Jftl YE § ti$ffi231 om:tz□t§xtr $ffi20011'J tm 

[0322J W#l24 70PT ~ttPmJE: B ti$$p;J.J2310£~ BJt!:A$i/1i2330 o :tzo*~flJ¥i. 7Ll lO,iimJE: 
~ ti$$p;J.j2310(i'6 ;KJt!:A-$.i!:!2330, 1/!Llftzv1J2480 ,~J£•5tl lOP} ft i"F$$p;J.j200JG~t1U~o 
[0323] ft?V#l2490, :tzo*~fl•5tl 10,i;Jri;t § ti$$p;J.j2310BJt!:A$i!:!2330(AA~ iEJt!:A$ 
i!:!2330AAb:J,JtE7f:i:\~rtif~:J'E$$ll§2310w A$i!:!23309'l ITT$)Lj2£_t), !l1iJ~fl•5Gl lODJtA 
1riJJfttJm2415~J 9'l rhliJI~ o f11J:tzo, ±3:PT §;J=§~?: FR 1mF $:360[PJ $ffi20011'J ~~lffitz:mi~~ 
Jffi~D O ;JjJrtmwt~1c1m, zv;J249om '81161A1T~16ft~JJ11:t1m24159'l ITT:t~4-, t::J,iy:{t~fl• 
7Ll lOibJ $$p;J.j2001fl7'1¥.nE*iJE220, tLli}J *iJE230;¥D/AA$6' ibJ *iJE2401,tJ!~ -=f18~, }A rm 9'l Jt 
~mo 
[0324J -@B1i:$$p;J.Jb:J,Ji3'c.1fA~Jffi 
[ 0325 J * ;JE 1 oo PT t~ 1, ~ ~~ 171 tfB AA r}J ~~ tt , ffl r 1l~J~Ll $ffi2 oo !Yft :i5: * _ft UfnJ@ r ft A$ ffi 
200 ITT yj ~ -ff $ll§ ITT Zf ft o 1l~J~Ll 1f. $p;J.J 2 oo !Yft lli: PT '8116 ~ i~Ll MHi I~ f1L iJu :tz□ 1ii\Hi I~ fi PT '8116 ~% Jf 
"ti1tli8s straJ AA$ffi200!5:!t --t~JffizfaJ 1'8:il1J\tm JE:Ji!e 1~ o *it1oom Jt!:~t1;;Jt1t$ffi200* 
ltx'JiJIZ9J ff t::J, Ji3'c.1)(A:Sc.3m o iYU :tin, ~iJIZ911f PT §;J=r5tiJ Z91, 5ti!:!AA t::J, :!t B7TA~Z91$ffi200 
as lfi~ o 

[o326J :tz□ l?fl 25 9'l i?fl ~1¥1, $$\!,13200 PJ ftmJti25oo_t hJt!: o $$\!,13200 PJ §;J=~ m r~~~LlJFUfnJ@ 
rfiAX.:®ITT *;1uoo oiYU:tz□, $$jl,lj200PT11Jfl;t;ij~ $$jl,ljiEJt!:A$$jl,lj200ITTirJt!:$m, AA~ b:J, 
:!t'87f APJflJE 5j~ $$jlJ,jiE~rl1ittlir ,~110 $$p;J.j200P}i'f~:®ttm:tz□ 5ti}Jft%~ 't1Ji}J.9-Q1Joi!rmM 
ffA$$pijf~Jz t±:1 &@o 
[0321J Jlo;t§x1r l?f!SiiitITT * _B.Jlo l?fl 2511/r~, $$p,g2oonJ §11s*~ $$iJl31~Uso2, *~ $$jlJ,jf~Ll 
802Ji!e~~$mt~l~2502PJl::J,~~~Ji!e~805o~iPHfu,$$\!,13200PJ§t~l:5~~$$\!,13{1J!Ll802;t§ 

&ss*=$$jl,ljf~Us12, * _ft*=$$jl,ljf~Ll8l2Ji!e*=$mt1*2504 PTb:J,~*=Ji!e~815o b:J,±3:1~ 
7fA '*~ ¼mt1SR2502;¥w*=¼mt1SR2504 pJ~~JE¼$jJJ,j200P}1'JJt!:BS ¼i!:!2505 0 

[0328] *tJElOOPT~r El3 i?fl1JtflH3t*.i'.122-1269'l ITT~,tAA$'1'-$t!tZITT $'i"i?flii*,Mi~ 
* ~ $:i:§:t1 *2502;¥D* ~$mt1 *2504 o ti.u@~®~ hfil:1f A,*~ $mt1*2502:tD/:E1Jt* ~ 
*mt~* 2504 PJ rn PJ % s"J *mm~ ( m ti□ 1Jfic. tEJt% oo _t s"J ~) i,R 111J O yj :57rtt'1AA 1H~tt11, * ~ 
$mt/,J *2502,tD/ElX'.$ =$mt/,J *2504 pJ Et~ Ji!* 00 RS Ji!im O t~ffi~® ~JIBI:1J:rt' * ;JE 1 OOP} 
Jffittm:!ti,J Ji!% oom11ITT 9'l ,~2520 ( AA~1f1PJ~--t ir~ITTm:Ji!i~tiE$$jl,lj2oom m1t-@BJL~1tt) * 
pftl lE* ~ ¼:i1H/,J * 2 50 2:tW/ .BX*= ¼m t/,J * 2502 0 3171] ft□ :t~ JEmft% ¼m ITT~* 1<&'. WM 11 AA l'J 
:!tB7fA~Mi~St, *tJElOOP} *ltZ±3:1~7f:i:\iQ:!tiiJ$m~1*o 
[ 0329 J fill'. 1~Ll* ~ $mt''J *2502 ;¥D/ ~* =$m t'-J *2504 PT §115 )ltfl • 7G 11 o,i;m JE B fl'J ft 
;t§:tJL*1Jf*iJE9'l ITT - tttl~ oiYU:tz□ ,ffi~ $mt1*2502:t□/AAffi ~.$mt~5R2504ITT - tltl~ 
PTEB *- $r~Afa'i:l2Eo~ T'.$~$m:t1*25021D/AA'.$=$mt1*2so4ITT-tl~1l, ~fl• 
5Gll OP} 1t~iEi}J:rJ:~ 'i:g.:tzo¼$jJJ,j200ITTi!/t, 1ffio~Ji::tW1]ff1qJi!$ l'Jht1Joi!/t O pJ ½Um' ~fE~. 

5t mt-&1~umr~t□ f$Z9)$$pijht:!t1ft.i'. ,~1L[PJ ,i!/t:t□ JJ□i!it ( tM§x1r $$p,lj200) o ~fl-'¥ 5c110 
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m~}Em~~~m~~~A~TOO~~*~ffl~~~~-~~~. 

[0330J -$tfr!3200B"J ~#1fl:!::fd!fl!1-tQ:s"J ~, ft□ ::'ldf:St:im~1ftiU-$tfr!3200Jifrff #1B"J-$:itt2505 c:p 
R:idi'::ITT, IJ!U1=Et§~~El)G[lftifr)j-§~~-$m:c:p {rJ!ITT JtB :St:im~%fj(~J]! 0 83 Jft' DJjt~~ ~ mJt 1KU~~ 
tEifri!Ji.-$m:c:p frilll1'J ::-)(_:im, ~J:rft~~1Jxifr-$ffi20011'J-$m:250511'J1m,J [p_J 1fA, 1t1~-$ffi2oomx1 
fm~ [p_J ff A ftJl t±:l 1xg ~ jJ'&% Plti. * tJE 1 oom ~r $Too 11* ~~11,J1f A-$$r,§251 oJt H PAI ;E 1f 
A-$$r,§25101Ettifr-$$r!3200. rt J§, *t1uoomr"tih1l*~ m1~A-$$r!3. 17Llfto, *t;uoomi)( 
f!-$ $r!3 200 ~{Hf 3 fir J! Jl'.Jt Ji tE * ·-$ m: £"HR 2 50 2 to*=-$ m: £"HR 2 5 04 pg ff Jt!: , 111#tE {5( 

A-$$r,§251otiifrITTm~ -$$r!31m~so2..ts~m ~Ji!e ~ 2530 .Js:rm=lfe ~2540. 
[0331 J ~lI.!'j'l 5Gl lODJtT-JmP>GP.ffl;E-$$r,§200flftifrITT~T9;G$T1fA-$$r,§251 OITT tffr O xJ·r 
mt-ff A-$ffi2510, ~£I• 5G11 om 11ftl Ji 1fm\~~ m. 1fm\~~ mm §:J=§11ftl ;E a:tt ~ Mrin ~~1Jfv.Ji 
c:p fiA-$$r,§2510~~~%{ftr -$$r,§200ITTT:mJErull pg .fto*~ll.!'j'LJL;l 10Pft!JEffA-$$r,§2510{ft 
r.s,JUtr{ftr -$$r)3200!flffiJEmll pg, ITTU~ll.!¥L 5G m11JflJE: ~ft-$$r,§200t1rl{~A-$$jJJ;j2510, fr 
* • -$il!£"J5R2502;f□*=-$m:£"J5R2504pg ~~~ Ji 1i$ITT~f§J O ftn::'l'dst~ Ji %$ITT~!'§]' IJ!U~ 
l1[.!'j'l 5Gl 10m;J1~1r~il!. ftp*~ )E 1i$S~ ~rsJ, IJ!U~lj.!'j'l 5G 110m11ftj;E tE-$$r,§200.!§{fA-$$r,§ 
2s lOZ !'BJ lfe JH11UJiz fir YE ::p:f ~ JE t¥ ITT ~t !'BJ ~tt 1iA-$$r!32S 1 o. 
[ 0332] 1JUftP, ftp*~ JE ~ITT st j's] , IJ!U~:f! i'j'I. )L; 110 m ~ 79] wUJ1;r; fffiaf$fJL7;jJ ~ mtt {f A tp.$r,§ 

2 51 o • fi ft tJL ih m rn )ltfl .i¥L 5G 1 1 otA 1r , 1:t 1~-$ tr!3 2 o o 8"1 f$ ih x1 ~ 1:1i1: 1n rm a -'f ,tg rm ilr ¼! .1ftl 
ftn ' ffi f$11P$ m A£") 79 0 . 15 * / ;f~ JU O . 7 5 */ ;f~ 0 ffi f$ f}l Z9J m tA 1T 79 {f 1~1i f.$ fJL Z9J ITT ii A :Jm 
~i~% :&± tE-$$r,§200.!§{fA-$$jJJ;j251 oz.Js] ITTfsJ Ji!e;ilHEITT SJ{~ 0 ftP*lst~ )E 1i$ITTsJfs] 'IJ!U~lj 
• JG 11 o PJ fri iJJ tUiJJ ( 17LlftP, ?£ 83 [p_J tu Z9J *tJE230~:l!~ -=f11§-'%), rtFn fri iJJf]iajf~tJLZ9J ( 1JtlftP, 
:imu[P]~11rt*tJE2201ri;El)G~[p_j *tJE240~:l!~ -=f11§-'%). 
[0333J *t5uoom~r83 OOflM'$t~Ji122-125c:p ITT~TE1-i$T$t*ITT $T001l*11Jf!JE: 
fiA-$$r!32510 Q~tt~&~Ttil:J'ilij{i. 1JLlftP, ~&~Ttil:J'ilij{im §:J=r1i-$$r!3200!5{fA-$ 
$r!32510Li'sJ ITT ii 1J\tw7EJi!e ~ 2550. 1JLlJ!P, J!p 00 25 Lf1 OOJFITT, ffA-$$r!32510JF t±:l 79~Uii 1J\fw 
J£lfe ~ 2550. yj:7r:tt!!El)G*f~:tt!!, ~&~1"11lti1~J{l'I PJ §:J=~-$$\!,13200..1:§ ffA-$$\!,132510~%~11it1 
s~ st rRJ .~rst rRJ ITT11l:J'i1~1J1i. m ~r r Ju 71~:,1iJff JE = -$$w.J200.!§ fiA-$$w.J251 oz.rRJ ITT Ji!e ~,-$ 
$pij200 lW /El)G ff A¼$pl§2 510 ITT it!l'., ¼$pl§ 200lW / El)G ff A¼$fJ3 2 510 ITT 1mu [P] it!l'. lW / El)G ¼ $pij200 
lP/El)G {iA-$$plg251 OITT JJDJ!Jl'. 0 ¥ T 111:J'i st fs] ITT 111:J'i jij ffi m i&JE79 ft i"F * ;JE 100~ )E 1ij$ ITT st 
i'sJ *~:\&ill 1T ~!iH&li}J 1t ~ ~% 1iill'.:J'i. 
[0334] ftP**t;El0011Jf!JE~Y~T11ilHil~ffl t:i1llz'.~tt, IJ!U *i;ElOO PJ ~!lf!-$~200**~!r 
i!IZ9Jft .1Ju~□, ±3:m§1~itfi-$$w.1200R"J ;ttE-=r *t5E~1t. 93Jft, *m1 oom~ftm:imtt..1:§~ 
11rt*m220, tLlZ9J*tn2301ri1El)G~jo] *m240:imf§*ix1t$$w.1200ITT:itl.1f±ffi11J□, ~e3z:~**w.J 
2 o o ITT it!l'. lW / El)G :1f [P] . 
co335J ~!fJ&liJJftm §1iix1!-$$r!§2oo~m. m1,A~1=E1JLlftr:i-$$pJg2ooa$-$m:~i! 0lf% 1:. 1r 
Jt!:B~'tt,Jt r~ruJ@, ff Jl*i;E10011Jf!JE :~m:®~ ffA$$fJ32510~%ill¥%Pld:i.~!f~Z9J1tm §:j=js 

ft ti= $p;};J 2oo*iJJ :tt ~4t ~ 0 yj :7r :tt!!El)G *1~:tt!!, ~!f :Wi iJJ ft PJ §:J=js~ iJJ $$p;};J 200 ITT ~4t ~ 017Ll ftr:i , 79 T 
**~!ri!IZ9J ft, ~:£1.!'j'l5L110m [P]~mt*tx220, tLlZ9J*tn23o:fP/El)G~[p_j *tn24o~:l!Et!-1'f1§ 
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PT.rxft$$p,lj200:ig@J fLl$$p,lj200ffillEt'J$i§:2505Et'J cp B2520o !tB'Hfu~~1~tfil, *fJElOOPTtE 
o[n) m f1tA$$p,lj251 otUiJJzJa¥!1: 1t $$ili§200·~1[ f!JF&:itli o 
c 0337J 00 26:r'E '5 0:rf ITT ~JM:1f :r:tt§ ~JJl:ITT t71ittt 14oss ~iYLlt!:tl! 00 , i~t71ittt 140DJt7frii' 
mrt~t.11J11J* _fto[n)R.r $ffii1'1 :::tilf1J11J[P_] 1iAO"Jtl'g4-oft□ 0026cr oo~os, #1iwtt14oPT #1iW$m 
t{]:!Rtltk:2610,1fA$$jJ,lj~Jtttltk:2620l□ t9J{ftltk:2630o 

[0338] tt~'i"-~mhh:r:t cp, $iiH1:!R1f:l:~2610PTtt{i:/ttl'g4, ':13 ctJ :£tfl-'¥'. 5Gl 10rAffS1, i~ 
tl'g4' pJ:rft1~lUJF 1lJ~tEJi $mt1:!R2502l□*=$mt1:!R2504 0 f?lLlftn ,:£tJM.5Gl lOPTtft.ff $ 

mf~t$ t{] ***tk:261 o, Ll :£tfIN1.~&~~ 00 {tM"~~li 122-1261145t ITT $'i" 00 {!JF _ft tt11J1U 
*~ $mt1*2502lri*=$mt1*2504 o fto_t Im Wii:ITT, i3:DJ §1r§iR£1Joj)~ITT $m~lP/Q.\Z 
11J11J.mlf1t ffi[t(J cp ,12, o:£tfl. 5Gl 1 OPT ~r r. ffifeifOO 5A ~00 5DtaHi O"Jtt**1ft.ffi3:;f~71\.1fr o 
[0339] tE~~~JM7f A cp, 1iA$$jJ,lj~Jtttltk:2620PTtt1ittl'g4, ':13 El3 :£tfl. )L;l lotft.fI 
B1 , i~ Jl'g 4-PT tt ~IJlU {i A$ $jJ,lj2 51 o !fl tttE 3f _ft~ 11JlU {iA$ $p,lj 251 o o iYLl fto , {iA$ $p,lj~ l+:Z ti:!:~ 
2620PT §;fr§ J=l:fr1iJfltE 1~A$$p,lj2510~r $$p,lj200ITTt§xt:lti!,12,ITT:tl'g4 oft ·@~JM:1T:r:t cp, i3: 
PT §}r§ ~ 11J1HfA$$p,lJ200ITT:itli ot~tm~!l:l;':tJMI:1f :r:t, 1iA$$jJ,lj~J;!XtJtk:2620PT1iJfltE {fA$ 
ffi2filO.iE :p:f t:i~U1J]Efi:J~{H ot7LJftD ,,5]E;jjJ~{iP}Ll}E$$p,lj2Q01=j ff)\.$$p,lj2filOZ. J'BJ BS~IJ\JITT 
tEJi!e~ 0 fto*1iA ip.$p,lj2510b~ Jlij\ 1Y1tEJi!e ~ £:tilli: ip.$jJ,lj200' IJ!Ll:£tf! i'j'!. )L;llOP},liJf!JE {fA tp. 
$p,lj251 Olfl 1iJfltE {iAH HtAff :tl'g,4-~~ ~%1=j{iA$ffi251 OJ11:!E:Ji o 
[ 0340] !1:HHtll~IZ I' 1~:l:fu '111:ffi I~ fl pJ § tiii :ffi ot f§J O ¥rot f§J ITT 111:ffi I~ fl pJ ¥Tr 5U * 
1iJf!JE: $$p,lj2001=j{fA$$p,lj2510z..J'sJ BSJi!e~ ,$$p,lj200lP/Q.\Z{fA$ffi2510ITT:itli ,$$jJ,lj200 
l□ /Q.\Z {iA-$.$\!1325101¥1 {WU [Pl i!&l□/Q.\Z$$f\13200l□ /Q.\Z {fA$$i#J251 01¥1 :!mil& o ¥r1il:t.iB1 fsJ 
BS-El:Ji1~{11ipJ WJE)') ft i"F:£tfl.5Gl lO;fP*;Jf,100~ JE 1iJJ;ITTBtfRJ*~t;.'x.Jt!:ff ~iJ&:1iJJ{f Ll J&:1 
%Pifli~o 
[0341 J Jt!:~zv, :£tfl. 5Gl 1 OPTtft.ff i}Jff tltk:2630, Ll O[n) J§J. T fiA$$jJ,lj251 OITT~11JlUlD/Q.\Z 
~u p]E :Ii I~ fJL iYLl ]lo , i}J 1t +ltk:2 6 3 0 nJ §}r§i3: +¥ ITT }l'g 4- , i~ }l'g 4- ffl T jj( {t $ $jJ,lj 200 i'.t-kf =i frJ 
W&H Htt*~ ti:m:t1:!R2502l□*=ti:m:t1:!R25o4 pg hJt!:, ft1~*~Ji!e:~ 2530J;:r*=Ji!e 
~ 2540o%~Ji!fi ~2530PT {iz:r $$jl,lj200ITT 1=j{iA$$jl,lj251ot§fBJ ITT E~~flJ!U_t, {i1~$$jl,lj2ootE 
{Jj{ftr*~ ¼mt1*2502lU*=¼mt1*2504 pg ITT [BJ Bt£J21~1iA¼$p,lj2510 0 ft□ *:£tfEJ1 .• 
5Gl 1 O,WfitE11lili~fiB*&:~.i1, IJ!Ll:£tfll'j'L 5cl lOPTtft.ff i}Jfftltk:2630, LliY: {f $$jJ,lj200:;,J·OIX~i 
J!e¥ i}J {f ' w'f ftu 5t i}J ifZ. t~ ' tu if] lP / ~ 5tm O i}J {f ti :l:* 2 6 3 0 jf pJ §:!Is~ ff Et'J tl'g 4- ' tE jG PX ~i J!e¥ if] 

{tz..J§, i~tl'g4#!1:11$$\!B200·~:![~t~ o17Llft□ ,tEtLliJJQ.\Z:Jg@J .¥U$il:!2505B{J cp 3':Z..J§, :£tfl• 
5c11 OPT¥111$$jl,lj200·~1[tITTW:i!EL 
[0342J 00 27 00 ~ 7 1=j 0:rf ss ~mh:1f:r:tt§~Jj(ITT:rft11JlUJF _fto(oJJ§J. r $$jl,ljITT x.il 11J!Ll [Pl 1iAITT 
~ 11H1:I:Mf*2720ITT ¥rrtf* oo o Mf*27 20 mm i1J ~~ IE ¼$iJ;JHrJt!:ITT ff Jt!:¼mITT ¼m:t1*, ,i;Jfl tE ft 
A$$jJ,lj2510~~:ttili:,3f _ftJj({!$$jJ,lj2ootttf~frJ:itliJFtE~~$J1:!t1:!R2501l□*=$m 
f'1JR25041AJ ffJt!:, ft1~tE$$p,lj200ITT{iA$$p,lj2510tiili:ITT jj~~ilJiU_tITT*~Ji!fi ~2530-:Ar* 
~.Ji!e~2540o 
[0343] tEzv]J:~2730, ~y~~oo {ttrfl~~:'!.122, 124,fP/Q.\Z126PT~It:$$jl,lj200j)Hili:IX~ITT 
$ ~ 00 ft o {11J ft□ , 'E'Ltr'i tE 0011~ It(• 5G 120 cp ITT t§ tll ( mft□ 0011m~~lr.12 2) PT M"~ $ ~ 00 
fiH _ftt~Jj(~ijJt( 17Llfto, USB,x~ ,M7f, cy,cy, )~400 flbtJEiU:£tflJ¥5G110otE~®g,;JJffi:1f 
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A cp, !zt:EJ.-'¥'.5tl lOPT§'.f EB $~1&tfiif!t D !tlli$f~'4'-Er:J $~0011 o i7Llftu, !zt:fJll.-'¥'.5Gl lOPT JA 
00 flM"$t*i'i122, 124,126$ s"J'&~:tllli$~00ft, OO~M"$t*i'i122,124,126cp s"J'&~t)J 
DJ~ ff~ &¥J"J ;jc tfiif :tl D ffl r ~ !zt:EJ.-'¥'. JG 110:®f§ ;j( tfiif o 0 7f ITT~ JMI 7f A:ff 7fl~ r {f {PJ ~ IE 
o{J ~tffif:tl D ;j;tj~QJZtJHX o 

[0344] :fir*, 1=E:!v#l27 40, !zt:fJll.-'¥'.JGl lOP} {!Jl=H& EB ~tfiif:tl D 128:fflliITT $'4'--001i*uJfJ 
7E a*~ $$WJ{ITTU8O2_t ITT*~ $mi15R.tP1=t*=$$WJfITTU812_t ITT*=$mi15R O 17Llftr:i '{l 7'J 
~ ooi: :!v ~J 2 7 4 0 ITT • $ 7J\. ' :£t I_':!!.-'¥'. JG 11 0 pJ :tJvff $ m t1:wAJt~261 0 ITT :t~ ~ 0 ;it!: • :!v ' fl= 7'J ,!ijfj ;E 
m ~ * mt1 *trim =$:i1H1 *ITT~$ 7J\., !zt:EJ.-'¥'. JG 11 o DJ~ m _t rnHa if oo 5A~ oo 5DW it ITT 
ttl![ cp ITT ~ ~ El1Z $ '4' o 

[0345] 1=E:!v~l27 50, !zt:fJll.-'¥'. JGl l OPT {ImJE 11A$$WJ251 O:ii: ~:tiirr o 7'J T ftHH ±3:;f~,/JiJE, !zt 
:fJll.-'¥'. JG 11 o PTtA1T11 A$$Wl$t~1Jt~262O o 11A$$Wl$t~tl~262O PT ·8JJ1i !zt:EJ.0011 l2J, i'fti~U 
:!t t; Jt:® ITT t~ ~ o ±3: PT ft tt 1± $ $Wl 200 ITT~ 7E m IE rf;J iQ 111J $$iJJ3 , m ftr:i ~~ i5: $ $W12OO ITT jj~ ® $ 
$Wl 0±8: ®1~:i5:$$iJJ3PT~~~1~A$$W1251O o 
[0346] ~ B. 11A$$l\s25 l O1&:iQ111J, !zt:EJ-'¥'. JG!JJtPTuifJJE~r $$iJJ325 lOSt~${a ,@, o 17Llftr:i, tE 
:!v #I 2 s s s ' :tl :f~- JC 11 0 pJ ,/Jjg ;E § fl[\$ $W12 3 :rn YE ::p:f 8 mfrH1tJ:i ,~ {][ 0 17Ll ftr:i ' u1Hi: ,~ {][ pJ 12), )E 

if-$l\s2OO55{IA ip$j\13251OZi'§J ITT:il1J\ ImJEJi!e ~ 0 ftr:i5'!{1A if-$l\s251OH~Jl,j\ ImJEJi!e ~ ~:tf Jli 
$$r,§2OO, IJ!U!zt:fJll.-'¥'.5t l lOP},lijff 7E fiA$$WJ251 OITTmtE{iA:# _§JAff t~~~;J_ 1&t%551iA$$Wl 
251 O,liilEiliL 
[0347] ~ ji'tit!QJZ~{~tit! 'ul:Jil~ ffipJ 12), :ii:Uill'.:JiSJ j's] 0 ~TN j's] ITTul:Ji ,~m pJ ~Tr Ju* 
uifJ1E: $$f\132OO1=511.A$$rJ;J251 oz fsJ RS Ji!e ~, $$rJ;J2OO.trl/QJZ 11.A$$rJ;J251 OR"J:®:&, $$rJ;J2OO 
;f P/QJZ fiA$$j)Aj251 OITT fITTU IP] J!&;f P/QJZ $$jl,g2OO;f P/QJZ fi.A$$jl,g25 l OITT ;JJQJ!& 0 ~rit:Jist j'R] 
s{J ui\E t.1i'r ,~ f][ PT i& JE 7'J ft i"f !zt:fEJ!.-'¥'. JG 110 .tP * t.fE 1 OOff JE 1rj? ITT st j's] :;,fE ff 7,£ nt ff !iJ&i iJJ ft li J&i 
%1Jill'.tio 
[0348] aW#J276o, )l)::EJ.-'¥'.5t11onJ¥!d! $$r,§2oof'.1U~=ifrr:i!Bt* fltE:ffi~ $mff-J5R25O2 
tr:i*=$mif.J5R25O4p;J hntoT'J T ji~ {!$$rJ;J2OOl2J,:i3:1~7JA~{t, !ztfJll.-'¥'.JGl 10 PHAhiJJ{t 
;j;j).~263O0 5Jjrt-tl!El1Zw{~j:fil' ;\v#J276OP} 'E1t1HA1-fiJJ{t;tJJ}(l23OLITTf~~' 12),j~ff!ztfl-'¥'. JG 
11 o loJ /4=:$rJ;i2OOITT;1JQit~261 o, tLli}J~262O.tU/QJZ~ loJ *tjC~~fg-=f {1§ ~, iHt /4=:$WJ2OOf'.1IJ# 
;r'ifrr;i!Jj'jf Ha:ffi~ -$:i:1:ti1-J}R81O.tP:ffi=-$m~1}R82Op;J ff JtL 
[0349] 1=EW#J2755, ftu5R:!zt:fJll.-'¥'. 5G 1 lOumJEuillj:i ,~ {][ 81&:il:litt, IJ!U !ztfJll.-'¥'. 5Gl 1 OP} *~!i 
JM¥ iJJ f1= 0 !~ JM¥ iJJ f1= p s re1 :ti ¥!I: 11 * $rJ;J 2 o o:~ :i1:L p s JJ1 m ninJ m ss :ii: , -fJu ftr:i , * $rJ;J 2 o o a$ * m /i3'J :®: 
i~Ji!! _t 1-fn!:, :# H~fJEl OOuJff JE~ilifil~fi.A$$jl,g251 O~~j/j%1ilfi o!ijjjiJJ{tPT 'E1t~{f $$jl,g 
2oo~iJJftJi!!~ o 5JjH-tl!El1Zw1~t-tl!, !ijjjiJJ{'l=PT 'E1t15~iJJ$$jl,g2OOITT Ji!!~ o -fJ~ftr:i, !ztfl-'¥'. JGl 1O 
P};®uloJ ¼$W12OOITT1Hrrt *tk22O, tLliJJ *t.k23O,tU/QJZ~IPJ *tk24O~~fg r{§ ~**IlX!i 
J&ii}JfJ= 01±:JEJvt!tJ&ii}Jf1=zf§, 1=EW.lJJ278O, !ztflJ¥JG1 lOPTt~$Ll-$$l\s2OO-~1[:!t@:7'cs"J WBJt 
( -fJu!m ,,~1[ 0'B1f.~'1JjmITTtih,~~o o 
c 0350 J $$rJ;J ~B1Ls"J $ 1!%J {a&@IX 
c 0351 J * tJE 1 oom:J'Jtfi¾~#i ff! m !l;/JJ}J§~t1:, m r r.tt$$j)Aj2OO s{J 01nJ m, m ftr:i tu iJJ, ;JJoJt, tJJ 
~¼m ,~~tu/EllZJ:tB ~BJi:01nJJ111 o 1f1Jftr:1, ftr:i5'! *Mt100~1~~f¥tE~1ir ¼$WJ2oozfrr li ttr 
-$$l\s2OO8"1:®:&ff Jt!:8"133 ~ -$$Wl, ~iJEl OOP} Jffiu $Lli}Ji~f!-$$l\s2OO12), ~1J\:!t:il& o ~iJEl 00 
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co352J 1Yu:ti□ , 1iiu*r '7 ~~ $$pJJ"tiilt1t1¥rttHJl□ 11JfJJEtUxtJi, *tJE100DJrj_:_ :1§-1~~ !BJ o[oJ 
01.o :ti□ 5'! § ;ti,$$pJJfrH1Tffi JI ~:izt* _§JiilHil1'J ,tijijJE•ttt)Xl,~it1f~, 91,u~tJE1 ooo[o)}\\7. rHITrm § ti,$ 

$jJJJi¥J~m~~~&~PT~*lR~~-3§~$$jJJJPT~£lli~~~3~:jii¥JR~L*fflMffl 
7Ell<.-'fst' *i3tlOOPTr":tri(nJ@ 'm:ti□ tLli}J .~~ 0 3pi}E:jj_)Xl,~i~.¥~~st( 1YLl:ti□ '*i3tl0011m 
JE"tiM ~ ~% i§. fr mrnt rm ::t~!ib!li¥ zyJ ft ) , * tJE 1 oo m¥t ft* m 1 oo*1tZ~~:i!li¥ zyJ ft , m :tin ii :t: AA:ilr-P­
!z}: tLl lYJ ,~~e!l~,~~-
[o353J 00 28A5fP00 28B te "5 0:rf 1¥1 ~OOI~;&:,t§~jy:i¥J ±$$j\§200afri1Ut2800L 1¥1 fl!5tlllt* 
~ .fr~®~i71J 9'l, mJi2soOpJ 73\.7'JM T $i1L $m28 lO;fP$m2820. -i$rii□ § ;ti,$$jl,IJ200bi1'J 

§ lJ\M* PTfriBJ~ $.il!( 1:7Ll:tio, :ti□ 0028A5fP0028BJi)T ~1¥1$m2820) B<J ±$$pJJ200azfrT1T:itt~ 
fr~IBJ $3i1! 9'l. :ti□ 00 28Ata'iftlfl ~1:7LlJifr~, =l:$$pJJ200a5fP B ;ti,$$pJJ200b PT 73\.12'.i Ji!e 12'.id1. fr 00 
28Affl~j:m~Zfalfl~JE□tf§J_EIL-Pn ~ 28B Jifr~, ±$$pJJ200a5fP § ti$$pJJ200b PT 7t ~lfe ~d2, 
~ 9'l d21J\rd1. 1:7Ll:tio, j_.:$$jl,IJ200a~~ Ll:kr § ti,$$pJJ200bs<J~m1r:it!:, ¥31: {! $$pJjzf§J ITT Ji!e ~ 
},Add~.¥d2. 
[0354 J ff 7'J ~ ~ ~{JLl, ± tp.$pJJ200a5fn § 11J\ ±f $pJJ200b ~~ Ll ,tg lB) 1¥1~&1T:itt, J[iU § 11J\ tp $pJJ 

200b;®MtLli}J~JiX1J>~~nt' AA~ =l:$$W]200a;®M1Ju~tt1Ju~~nt' ¥31: {t$$jl,1Jzf§] Ji!e 12'.i},Ad1 
~i.¥d2. fl=:7'1 ½ -~{7Ll, § ti$$pJJ200b PT },A3::$$jJJJ200ai¥1 ·1mH~A. fr ·®'ti% T, -Pn* § 
ti,$$W1200bfr±$$fl)j200azfrTAA~:izt~±$$pJJ200aJI~Ji!e ~ ( iYLl:tio ,n*LlL, lO*LlL, 

~~) * _§_~~ ±$$\!B200a' *;JE 100 PJ~*JR {ffiiJi}J1t Ort rm' :ti□ 5'! f=i f][\$$)!;\J200M!Hif-$zyJ 
ITiT£ti:ilr±$~200a, 91U *i3ElOOPT¥31:{1±$$j),g200atUlYJ ,&~~lJftP/AA~m .,fyLlfto, :tio5'! 
§ ;ti,$$pJJ200b{±tmJEI~ {1 ( {71):tio, n* p;J) p;J , 91U t:$$pJJ200a PT *lRi}J{t. i& ll t:$$pJJ200a5fP 

§ ti$$\lfJ200bB<J it,§x-tllmlP{ftjipJ Ll~~ !BJ 1¥11:h]l~, 3f _§_ 07f B<J~nm~:&:3f~~~ T{f{iiJ~ 
,-L-.,tc!s__B. fL Flffi• 
co355J fr~®~JM~:&:9'l, $11&Jfl&@ix PJ~ m Pr¾1tt § ~®'.%~1:H£Jn .1Yu:ti□ , :ti□L@ 

i-Jiis<J, :ti□ 5'!iil:jiR~it11~, 91U*i3ElOOpJ,~Blt § ;ti,$~200bB{J;f$zyJ .ta5'!£, 3 7Gf¥frpi}E:jj_ 
Jx\,~ir.St( {71):ti□, 3 § ;ti,¼$M200bfr100*ZfrTSt, t:¼$pJJ200a~%~w~ffi17J § ti¼$pJJ200biB 
4ltT }Ei}J) 'j_.:$$jl,IJ200a pJ~O[u)@f § ti$$iJJ3200bi¥J~i}JAAi}J{f O rtrm' '9□ 5'! § ti$$j\§200b 

Ji:ilr±$$WJ200a5fP/~:tiu~*;JE10011JBJEiil:jiR~t1~, 91LlPT *JRri(nJ@:&:tJLi}J, jjtit1'21 )JD± 
$$p;};J200a-'=J § f][\$$)!;\J200bzfsJ B<J ~rsH!1i ffl /1!®'.%£'.t:i: 0 '9D5'!*iJE10011JBJEti ;t PJ~HQ 

fr f§ Hi , 91U * ;JE 1 oo PT *1R£ il:itt ITT lYJ {t ITiT ~~¥31: 11 RlF J® iU'tJt Fr , E§ )'.I J'.lilii. iii!E:ji i~ lYJ 1t 
pJ~~£&;1~B<J 0 

[0356] E§ .!ft, fr~!~~ nm~:&: 9'l , *t* 1 oom~%~ 1BJ ITT &Ji,: rx: 1=J T-IBJ **m ITT P[n]Ji,:iJJ ft* 
lfk.{Ju:ti□, fr~®~)J{E~:r\'.; 9'l, ~ § ;ti,$$jl,IJ200bfr*~,~{!1[p;j st( iYLl:ti□, ~ § ti$$\lfJ200b:izt ~ 

-1:$$W]200aSt), *;JElOOPT7G*JRi}Jft; 3 § ;ti,$$l\§200btE*=l~11 !AJSt ( 1:7Hm, 3 § ti$ 
$p;!;J200bJ~Jiili:±$$p;\J200aBt), *i;ElOO PJ*JR9'l~i}J{t ;3f _§_3 § f][\$$p;\J200fr3B ~ 1!%J{Jlp;J 

st( 1YLlfto, 3 § ti$$j),g200bJI~ti:ilr±$$jl,g200af¥tEiil:jiR~ist), *;JE100PT*lR£ii:it!:ITT 
iJJft .fr1=J*~,~1A*lfkITT*~ &Ji,: rx: 9'l, 31=J § ti¼$l\§2oob*!tkITT Ee§ ti ITT 1t•1re ~ tt 
!ITT7E~:i:/fe~ :klm{tst, ]UJElOOPT~*.l:[Zi}J{t .fr~®~JJffi:~:&: 9'l, fr1=J § ti$$j\§200b* 
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~ B':1 1E12 § ti-B':1 f~ $ 1E12 /f;!J m A tm JE 'iz ~ 1E12 /f;!J B':i 1 . s 1-ff ru 2 . s 1-ff B':1 m ffil i:f;J B':1 ti,£ r , mm m ~ ~ 
&5'Zl2L 
[0357] Ji!e § ti-ITT 1~ •Ji!e /f;!J DJ Ll )E_i:$$WJ200a k=J § ti-$$jllj200bzJ8J ITT ':1§1ru Ji!e /f;!J ;/Jp_t i~Ji!e 
Jtit£ffi~IJli]~traJ ( ,j;i1J:flp, fr0. l;f!P.¥1Jl. O;f!J;OI.J·Hilll p;j, !Rtk:r 1=J *t;ElOOJ:::.J+iOI.J ~~, m:tlPi!Ltfi!~ 
£]H~ *Ll:Ef-'jjc:2}J:ff5¥P$$WJ :2}J ~) J§ ITT }]L!tJ] r&3t O T:uL!tJ] /Ee /f;!J r:'jz:3tpJ it• 7'J: ( V§ti-v.=t) *tt~i+ 
( ( a§t1T;-a.=t)*tmvF2) '-!t cp V§t,-;;5fPV:t7J\.1JIJxt m TB ti-$$WJ200b5fPJ::$$WJ200alfli!Dt 'a§tiT;JfPa:t 
7t 111Jxt B'Zf ~ ti-$$WJ200b5fP-1:$$WJ200aITT ;/Jni!Jl'., 3f Ji ttJ!YlrJX'J @ffmiY!U □traJ o½ttt:ii:ili*t;E 
1 OOITT !:Ht &@Bt f8] ITT ffi ilJliJ Bt f8] DJ~ m Ll r $ J:, ~p ± $$r!3200aITT 1J1~ -@~Jr. O[n) @DJ~ iL ~p 
~ JJm , NdmDJ T'J ± $ $WJ200a ITT~~ in 5f P /~*··~rtJH1Pf ;ffi ITT § P!.~ ~ ~~ B5 o 
[ 0358 J ffi YE ic ~Ji!p /f;!J PT YE 3(7'J: ii A { d•, d,w~} o PT"ft. A2*.¥1J 10*111 Ill ii;J QI.] d•PT *~ $ 
$WJf~ lllP/wt f~i!;f$:2}JRt-1:$$WJ200a1=J ~~ $$WJ ( ij'i·:flp § tiJ\$tr!3200b) z..f§J ITT jtj]~~~/Ee 
I~ od;;~P}:zz~$$WJ~ AT1~i!lfli!nt~MBt8j !1JJ~'iz~Ji!e1~ '* _ft pJ it.7'.J: t~*~/j\ 
( V§ti, v:t), -!tcpv§t;r,;fPv:t7f JJiJX1@ T § ti.$$Wj200b5fP-1:$$WJ200aITTi!Jl'.o t5.3':PT"ft.AO. 5;f~jlj 
2. s;fJITTmll ii;J, 3f _ft PTt!.Hi~#tlnITT fjf ~ -1:$$jllj200aITT~#tlnt£ ~ ffl?:ti o 170i!WJ!L 
EB rlt, ~~_!ni'f~t%1~*Ll-=:t$m2ooa1=J+t:'f:'. $mz !'BJ ·*tJE1oo~f!J~ITT JEeJ!; o 
[0359] fr1=i~=l~fi~~ITT~=lx@IX cp, *t;ElOOP}~4f § t~if-$r!3200bJJJCi'.fr~~IX cp 
3f _ft ibJ ctJ B ti-$m200MA.ff 81.J ~ [Pl tJLi}JJJmJJU~ [Pl 81.Jt.JZ.ili o 1!71J:tlo, fr B ti-$$WJ200b PT:ti:iliic 
~IX gj r :it13'J!.Dt, {YIJ:tin, 1=J § ti-$$WJ200b~~ITT Ji!e § ti.ITT 1~-Ji!e /f;!J PT:ti:ilif.ITT5E~~Ji!e /f;!J ( _t 
[[j~i;-m~ &@IX Hiitt), *i;ElOOP}Ll rPJ 1JLi}J~J!7:1\.jlljc£:AITTtX~ ( {Ylj:flo .tl1n£$) * 
_ftri'iJ,tJLi}JJJOifil7:1\.JlllcJ!1J\R"Jtx.m: ( 171J:tio ,1J1n£Y) ofr~®~JM1J:i:tcp, r·:itl~ pJ"ft.AffiYE~ 
~/Ee/f;!J sjo. s1if IU 1. s1i'rITTmll i:f;J ( IR tk:r~#tln sj l'-~f) o &rl*, fr§ ti-$$p,g2oob:ti:ili'-k 
~rx: gj _1:itl~B1 'f71Jtio '1=j § ti-$fjllj200b~~ITT1re § ti.ITT 1t•1re /f;!J PT:ti:ilifmXE:ic~lre /f;!J ITT 
vJ;Ifi'r, *i;ElOOP} Ll rtJ tfLM~}l-5tjllfL'.J!1J\ ITTt:£~ ( {YIJ:tio, tl1n£Y) 3f _ft rtJ tfLi}JJJOll-5tWL'.J!:A: 
gjfXffi: ( 171J!m, ¥~173£ $) ofr~®~JJm1J :r:t 4-1, r ili~ nJ"ft.AfiJ17e'iz~Ji!e/f;!J ITT 1. s1i'riU2. s1i'r 
R{Jffill ii;J (JR,*r~~tlnfl"Jl'-~f) o 
[0360] fr1=i% - l~fi~~ITT% - &@IX cp, ':1§ 1=] § ti-$$jl,g200b~~sj l?e § ti.ITT f~-Ji!e /f;!J 
1J\rffiYE~~lre /f;!JBt, *Mt100PT~4t § ti-/4::$rJ;i200bJJ£.i'.frft1Jttl>Z cp ofri~·t1'f JR r, *i.ftlOOP} 
jjcff-1:$$W3200atl1n ( 171J:tio, iL~Ptl1n) § ti$$WJ200b:tAff ITT 1ffiiJ~i!tJLi}J ( [Pl Bt~~ m1f 
{nJ JJoi!tJLi}J) o fr~®~ hW:1J:i:t cp, fr-½ § ti-$$WJ200b~~B':! Ji!f! § ti.Er:! 1~$Ji!l2 /f;!J "ft. AffiIE 'iz 
~Ji!e~ s{Jo. s1i'r¥U1. s1ifs{Jmll i:f;J ( IRtk:r~1i1n s{Jl'-tf) s{J'tim r·, pJ@ffl*~ &@12L 
[0361] fr~®~JM1Jrt cp '*fJE1 OOpJ~"±_:__i:$$iJB200aITTO[n)@, m:ti□ tLlZ9.J O :ti□ ll28Rcp 1§1~ 

S{J, {Ylj:flo, -1:$~200a£5 § ti-$$iJB200bz..fR] ITTJi!e /f;!J PT }.Ad1~~d2 otOC1*rJi!e/f;!Jd23f _ft;!{$~ 
frlii\fi:Jirz..frrITT B1!'sJ, *i.ftl OOP}fi[{if'. *4:$W3200a~'J>Jtit& l'.Jj~~1=j § ti-/4::$rJ;i200Mi\fi:Jir o .-g 
jj,, iE¥r,WiJ:;i□ fr1i1Hiz..frrITTBtf§J, ~i>c1!-1:$$iJJ3200a~&;lti!Jl'.Bt, *~JElOOP]"JMJJ□ ~,t­

JJx; $1-tLli}J!ffr Ji[L 83 Jlt, !lD*fr1i1Ji1:. BU ITT BtfaJ CfP/JJx;Ji!f! /f;!J dz) itifrJ:*~tmJEI~ 11, 171U * ;JE 
100 PH~ 1!-1:$$f\13200aLl Wi:it!:ITT1J:i:t tu i}J, 3tm5f□/~r'J:3t:lfil&, rm:ti□ *fr1i1H.iz..frr ITT Bt fsj 
( l□/~Ji!e /f;!J dz) f~r*= fOOJE I~ fi, 171U *;JE 1 OOPTi>c{~-1: $$jl,lj200a tLl Z9J, 3tmlP/~ Ll £{:R:i! 
sq 1J :ct r11: 3t Jt!l'. o 

[ o 362 J ll 2 9 ~ 1=J 0 3f ITT ~ JM 1J :ct i-§ ~ It ITT 11 {it :ff ITT~ 171J t':!:tl! ll , 1~ 11 {it ff *Ez ~ m: nx; 11 {it 
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JtlTtA ff ~,t DJG$1'~1t Er:J tl't-4-0 ftu 00 29 pfr7T, 'ff {it~ 140 m ff fit§ ti m 1NUtli~2902 j"~ ~ 

Bt!'sJtltt:2904.t,Oi}J{tofril@tltt:2906 o 0 TT s"J~JJfu7f:ct'::3f /f~I)~ f fffiiJ~5E:,j:ig:@SS Zf{ii~ 1400 
Jt!:~ti7, !,lc:El--'¥'-JGl lODJtAff t7{itft{ffiiJtJtf~2902-2906 ( 'ELtrSfttf fitff: 1409'l) 9'l ITTt~,4-o 
[0363] ft~·t·~JJfu7JA 9'l, § ti.ll6l 1N1Jtltt:2902m #{i#$)( {tf:t~ 4-( mftoit~tJll½!m~ 14)' 
'3 EB !,lc:fl--'¥'-)L;l lot)viTRt, i~~{4t~4- ~R~iJ:3f H.ll6l1Nu t±:IJ~ft*~±$$iJJ§200[)f1 lli:t:fmITT $,t 
00 ft 9'l 8"1 El ti x1 ~ ( ffi ftp El ti $$rJ3200b) 0 t±:1T*03f ITT El ITT ' El ti x1 ~film t& i< 7'J El ti$ 
$pJJ200b ,{Et~~ tix1~ mLl~ff A3lU%mP]Z ( ,fyljftn ,::kITTWJt) ,1#0 $t00 ftmEE OO{t1m$t 
~:'1.122, 1245t01269'l ITT~,t.ex$'1"$tl{L!lc:fl1¥'-JGl lODJ1Aff § ti.ll6l1Nut*tt:2902, Ll{~Jltt 
rnf ta if 00 5A~ 00 5Dfati£ ITT iz;[(;ii!Ui ,fylj fto ?J\.tfr $,t001t7!HR£1j * _§_ m iNU § ti $$iJJ§200b O EB 
rlt, § ti.ll6l 1N1Jtltt:2902m li:lH~:::f ~ O"J ~it.m, mft□ 1=J § ti$$iJJ§200bAl+AD"1 lEi}J ( -WIJfto, ffill:Jf 
ri'D f,O$}Lxtf), ;it5tt,0;1Jo:it&, Ll .&±$$iJJ§200al§ § tiJ\$$iJJ§200bzJ§J ITT /Ell!~ o l!tlITT {§ }~, m;;r, 
®T t-fu.ex ~ k:J ~ 7E ITT fsJ I>~ Ji!UJf; o 
[0364] ft ·,t ~JJfu7T.it: 9'l, til\t □t l'sJ t$ttt:2904 mZ¥1~~14t~4-, '3 EE !lcJ:l--'¥'-JGllotftAr 
B~·, i~~{4t~,4-,JiJfl5E-=:t$$pJJ200af,O § ti$$rJ3200bz.f§J ITT ti it BJ f§J ITTf~7T,~ ot=iltBJ f§J mt~ 
?t-=:t$$iJJ§200nl§ § ti$ffi200hti~~ ( {?ljfto, 111:J:i) Z frrs"J ~t !'BJ.mo !le£~-'¥'-JG 110mtftArt=~~t 
rsJtJttt:2904, Ll¥r?J\.i-fr EB 001t1m~~11.122, 124.t,n 1269'l ITT~,twt$,t$t&xss oo ft?!UJri5E 
t= it Bt f§J ITT t~ 7T, ~ o 17iJ ftp , t= tll Bt f §J tl tt: 2 9 O 4 m {t ffl 17iJ ft□ El ti $ $rJ3 2 O Ob (;t§ x1 r J:: $ $rJ3 
200a) ITT 1:frn ,J!&f-O/.ex1Jn3!5ts"J • *5LI ¥rot fsJ ITT xJJ~ C @ftn-t jj\~1it1Bz-6i.ex~ tt=1jz 
f~~ (LQE) )*{~!(t±:\,Jijfj5E O -t jj\~1i1Bz~ m¥r § ti$$pJJ200bITT R&ITT1Nu.;.ta* '~ 9'l R& 
1N1J.;.ta*1=It~~BtfsJJ:&tt 17U o 
[0365] ft~'1---~JJ!h:1f.rt: 9'l, Z9Jftofril@tJJ}(29o6mZ¥1ittx14t~4-C@ft□it1'Hll*~m~14), 
3 EE ~:fEJ!.--'¥'-JGl 1 otPArBt 'i~ tx{4t~4-{± *$frJ3200a 9'l rtt~,t .9-JG$,tu1nJ@ 0 .PfritUlnJ@m ¥ 
T § ti$$pJg200bITT i~111J t,01!6l1NIJ ( WIJfto, fi EE tft.ff § ti.ll6l 1NIJ1Jtt:2902*tft.ff) f0/.ex-=:t$$iJJ§ 
2ooa1=J § ti$$iJJ§200bL!'sJ ITT tiltBtfsJ ITT-r~7T,%§, ( 17U ~□, i?: EB tAff tiltBt fsJ1ltt:2901,JiJfl Ji:) o 
!,lc:EJ.--'¥'-JG 11 0 PJ iffiji 17Ufto ( {71jfto, ~£ EECAN,1;t~) rPJ ±$$p;lJ200ai¥rrHJrL~~JE220, r!fLli}J ~iJE230 
;fP/.exnri'D *i5E240;'tJ!Eg-=r{§"5*ft±$$j)Aj200a9'l r.1t.~,t~$'l"Ofril@, Ll r!fUZ91, 1Jo3!.ex 
~91,tt * /44f!3 2 0 Oa B"J n ~ , ¼ iltf:i {ft ;rW / .ex 7f rPJ ~'.II:~ o ~:EE!!.--'¥'-JG 11 0 m {'-f'. ffl tt JI B"J -t jj\ 5£ j)f; 1Bz 
ff*f~~l§ § ti$$iJJ§200bt,O-=:t$$pJg200a:K~ITTJJji, i:gfto: 31& ,JJOJ!& ,n~$ ,{ffl1qJ m, 
{Jff frpj!$, § 1i$$plg200bi'Bx1r-=:t$$f!3200ai't':J {ft:'l.f,PJmrPJ, § ti$$rJ3200bs1:J ::k1J\ 3§:JFt JL{nJ 
%ik, 1# o 171Jfto, !lc:EJ.--'¥'-x 11 o pJ:fl4Y:* § -=:t$1p;lJ200aJ:. S"J 1m14 ( @ft□ l:l::l.;f.'t*, tliHi~IJ!IJ;--'¥'-Ji; 
( TMU) 'OO{t!lc:Elff 190' 1#) ITT ~IJ!l].;.ta * 0 EB rlt' !lc:fl--'¥'-JG 11 om 11'.ffiJ)\.iEZ9JITTJEZ9J~'L~A{~ 
JU B"J ik~0 A, jxjiJ'tit'b}R;f PiEZ911rl-Dt*i+•1=J § ti $$j)Aj200b;f P/.ex±$$j)Aj200a:K~ITT ;x:t®, 
Jl: 9'l 0 .it B"1 $tu Am 'E'L trS * § * ¼ $iJJ§ 2 ooa J:. B"1 it!H=t 8"11NU,;. ta* o !le :EE!!.--'¥'-JG 11 o J2E m {'-f'. ffl J:. 00 
taif 00 4~00 7t/sJ£ITTiz#, Llr .'t.-=:t$$iJJ§200as"J~'1---~$'1"oful@o 
co 366 J oo 3 o ~ 7T, t±:11=J 0 * ITT ~ )Jlh :1f :r:~ tB ~ ix ITT m r r .1t. .:±:: * *m ITT o[rij @ ITT 7T, 17Ll ,t1 u t¥ 
30008"1¥Jrtf.%00 oft-ti7~13010, !,lc:EJ.--'¥'-Ji;l 10 PJ i?: EE {ftr&!Ul--'¥'-JGl 101=] OO{l$t&x--'¥'-Ji;l 20zJsJ 
s"J ;x tJMt □ 12 stt 451: $ '1" 00 {t o 17Ll ft□ , 'EL trS ft 00 ft $t &x--'¥'-JG 12 o 9'l ITT ~ '1" .ex$ '1" ffl tJl m trl5 $t 
*¼$f!3200afrf:1f ( ,W1J:fto, .ex¼$f!38"111J!U:1f.ex!B 00) B"1 rx: ~8"1 $,tOO ft:3f Fl.~?.z«11:WJ4t# ( ,W1J:fto, z«~ 
"f'.,~~, USB,JL,~ ,it.?f ,cy,cy, )~%00{i.!'tJEflj!,lc:flJ¥5cl 10o 
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[0367] frW1Jf3020, )ltfl• 5tl 1 OPTtAff § ,t;f,IBJ:~mUtf:l:}c2902, 12), i.fl111J $~00 ft pg i't':J § -tix1 
~ (~ft□~ ,t;f,-$tfr!3200b) o fJHm, ~ ,t;f,1l~JyJU1:l~2902PT 11'.fflJ:. mi £;t;if OO 5A:f□ 00 5B1':izEB"J tt# 
*r&imUOO ft q:i ITT -$$rJ;JITT tffr o~r001111<Jfrif ,1frJIJfyjfrif ( fJUfto ,GPStfil,~ i§ ,~,) ,:1:filOO~xt®, ± 
-$WJ2ooao"J f!iii!~Ji::$. ,$mE!xJt'tm1E1Hiic ,J!lilttffif :f□/~§:J=5fr±-$WJ2ooaq:i o"J 1~t~:M □ "J 

Jyjfrif, $~ -$$pl;j( :fO/wtx1~) PTfr!5 ±-$$r!3200a;i-g[B) ITT-$mwt::f fBJ ITT-$m9"11Bzf&~U, Jt _§Je 
=t=:-$$r!3200alfllfe1~~~1tlfl ofrr&imU$~-$$r!38"J·tf JR r, B -tim~mUtf:l:~2902PT~t B ,t;f,-$$r!3 
200MmJE79fr!5 -=:t-$$r!3200at§l0J ITT -$mq:i ff:i£:f□/~Ji:tl:ili±-$$r!3200aITT -$$pl;j o 
[0368] fr!P#f3030, ~:El.5Gl lODJ1A1f § ,t;f,Jl~jmU;J:*~2902, ~JJl~1mUfr!P#f3020-i5U1iJITT § 
,t;f,-$$r,§200b O fJLl:tz□' § -tim ;mut*~2902DJ li1~li1Jr, '=j § ,t;f,-$$r,§200b~~ITT i§ ,~, 'it:tz□ IB:i}J ( fJLl:tz□' 

1fi!t1f [PJ :fO$}Lx!'.f), J!Jjt:f01JOJ!Jjt, ~J, R±-$$rJ;J200a!5 § ,t;f,-$$rJ;J200b:!JsJ o"J ftp~ o § -tim 1m1J 
tl ~ 2 go 2 PT 11 m J:. oo fa* oo s A~ oo s Dffi :lzE ITT tt * Jffi tt ?J\. tfr $ 'i" oo 1lol~ ::;r-ltfT Jth wt 4i· 12), 1m }E 

8"1 i'sJ ~~li1UJr,J3:.1'¥:lfl f§ ,~, ofrW#l3040, ~:El-'¥L 5Gl lOPTtAfftii\GB1i'sJ1f:l:~2904, Ll 111l1EJ=:-$ 
$r!3200a!5 § ti-$$r!3200b:!JsJ ITTtii\GDtfsJ ITT:t~~~i o=rii\GDtfsJ;j:$t~2904 PT3MM/f~li1jfr -t ~ 
$~s~· j's] )WJ1J]J:. § ti-$$r,§200b( ;f§x1r-=1::-$$rJ;J200a) ITT1ft.l'. ,J!/t:f0/~1J03!/t*{~Jlt±:111mJE o 
t~~1i'BJtcl~2904 PT 11'.fflJ:. Tiotff ?t~ SA:fO~ SBWi:izEITTtt:i't*li1UJr,i3:,r-¥:SS (-;; .~, o 
[0369] fr!P#f3050, ~f! "'3.)Gl lOPTtA1T 791ffO[a)@1J~2906, 12),r±.± tp.$r,§200aITT~~wt 
$~o[a)@ o 1:fLl:fm, ~:El-'¥L5Gl lOPT ( {:9LJ:tz□, fs,. cbCAN,~,ti) li:tJ j=:-$$r)3200a8"J1Hfrt*t~220, tLl;qJ * 
tJE230:f□/~~[PJ *tJE2401t:illrH-=f{§ ~·, i2J, tLJ;qj, 1JnJ!~~Eilo.:-=:t-$WJ2ooaITT~~ ,-$mtJ1ft 
:fO/~jf [Pl r:'J:~ 0 :i£~!P '~~ ~$~jj(i)J~ PT~tLl1Hfrt* t}E220' tLl i)J * t}E230:fO/~~ [Pl* 
tJE240 01YHm ,~:El•Ji; 11 OPJO.:~fg -=f1§~, iJcf!*~1 oot~:El:l:fu!E3¥: 1< tLliJJ:Mit:rflbEl¥J ;.~ 
~$731..:l:iP.11:.ff -$~200ITT 11□3!~ oJtt~!V, ~fl• 5Gl 10PTO.:~Jj({~*t}El00-$~200m~ JE 
7J[P] ~[Pl ITT fg -=f{§ ~ oi3:1¥ITT UinJ@pJ ~T ( {£!P~l3030tAff ITT)§ ti-$m200bITT ~JmU:fO/ E!¼ 

( fr!P#l3040T~kITT )-=:l::-$$r!3200a!5 § tr,-$$r!3200bz.fsJ ITTti!GBtfsJ ITT=r~~:Mo fr~®g,;JJ1E1f 
;r:\ 4-1 ' t ~ st j's] nJ !5 ~ '1' ~ $ 'l" rw 7C I~ 111 ( fJLl !m ' * ~ :fO *=ti iG ,~ fll) b~ $1 0 fJLl ]lo ' ]lo~ t 
~B1fsJ R"Jt~~:Mt~~ f=l ti-x1~fr~JEt~~il&H!1[pg ( fJHm, frffi=ti~il&HJ'Ipg), IJlUJiJ-r:lzEU[a)@ 
PT §:J=js~,B,J!ilii1;qJ1f o ~,B,J!ilii1;qJ1f PJ' §:J=1s~m)fO/~~,B-tLJ;qJ o 
[0370] 1~1APT :zzJE79BtfsJ ITT •1ft o EB rlt, {J1J90, 90 *¥:ilGB1i'sJ ITT t~~:Mt~~ § ti/44r!3200b 
fr*~1~ fiz.jj, ( fJLlftD, fr±-$$r!3200a!5 § ;j:;f,-$$r,§200bZ..fsJ ITT1il:J'izfrJITT BtfsJ~tt*~1~ 
fi), IJlU i}J{t O[a) fllti:tk2906PT~r--½ § ,t;f,-$$pl;j200b~~B':J f J)j)Ei}J~m*fr±-$$r,§200a cp 
r1_:_n[a)@o ~ § 11i-$tfpig200b*~B"J-'-fj:)j)Ei}J~m PJ *~ § ti--$$[#J200Mtx1~JEl!lltJ1iB"J-'-fj:)J 
11.1'.;f□ I~ -'f .L:B J!H[ o fr ~@g,; JJTh:7f :rt q:i , 9□ ~ f=l ti $$\VJ 2006 )'.I~~ fte ~ ;fo / ~ Ll ~ ~J!H[ 
1-f:itt, IJlLl*tJE100P}::f:?J·Ott;qJ1f o fJLl9D, ftp*§ ti-$$\VJ200bfr±-$$\VJ200az.frr~~li1e ~ )E 1fJ$ 

fil ~ ~¼$pl;j200a ( {J1J90, n*, l O*, ~~) , IJlU * ti 1 OOPT::f-?J·OOC {f{J:if i}J {t, ~ ~~ § ti ¼$r!3 
200b}eJi:ili±-$$r,§200o 
[0311 J JL□ ~-E~strsJ ITT :r~~tH~~ § ti-$WJ2oobfr*~,~11!5*=1~m-2..rsJ ( fJLlJL□, fr 
±$$r#J200a!5 § ti-$$p;ig200bz.fsJ ITT1iltlzfrJITTBtfsJ~.Affi~1~1J'I!5ffi-----: 1~{!1Iz.fsJ), IJlU ;qJ 
1t O[a)@,rj)~2906PT~r !5 § ti-$$\VJ200b~~ITT g,;r;f,iE;qJ*r±.±-$$j),g200aITTO[a)@ 0 g;~;f,iE 
i}JPT:zz~ § ti¼$r!3200bITT1ft.l'.:fW/~it/t( {:91)90, JF:5Kfi:B~M:iB.), 9□ *¥:ilGB1i'sJ BSt~~:M 
m~ § ,r;f,-$$r,§200bfr*=l~1i pg ( fJLlftD, fr±-$$P'§200a!5 § ti-$$r,§200bz.fsJ ITT1il:J'izfrJITT 
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S1i'aJ {~rjL_:.1~ {i), !JlU M{i=:Ufnl ffiZtf:f:k2906PTr"t±$$r!§200ai'r'1 ~;gi}J{t ( m:tiu~m::ax;~;g 
tLliJJ) o 

[o3nJ 00 31 te?F t±:1 ~ 03f as ~imI1f:rX:t§~ixl¥1 fflrtet~tE±$$rJJ q:i r"tnfnl@ 1¥1 ?F1JHi 
iit¥ 31 0 0 CB ¥frt:f¥ 00 0 tE iv ~I 3110 ' ti□ r. ffi te if 00 3 0 CB iv ~13 0 1 OfB'i j£ CB ' ~ :fl-ijL JG 110 pJ t:£ FR 
{ft T ~:El-ijL )L 1101=5 00 {!~it:• )L 12ozJa] 1¥1 JxtJ~Ht D 128114'.lC~ ,t 00 {! 0 
[0373] tEW#l3120, tio_t 00 teif 00 301fl -;v#l3020tla5;t8s, ~:El--'¥'. 5Gl 10mttiAr B til!~JmUtl 
m2902' Ll3mii-5liJrOO{t~:i:f ~ tixt* ( 1YU:tzn' ~ ti$$jJ,§200b) 5E{fttEiv~l3010:)'f4Jz:1¥J OO{Jpq 0 

tEtv#l3125, ~:El-ij1.5Gl lODJtA1r § ti~imUt~m2902, Ll {!ffl_lffi~if 00 30ITTiv#l3030W[j;t 
BS13tA~~Uirl5E § tixJ* ( 1YU:tzP, § ti$$r!J200b) te~tE7GIBJ r±$$r!§200al¥J $mq:t frnL :tzo 
*-tijfj5E § ti$$r!J200btE7GIBJ r ±$$r!J200aCB$il:tq:i ffi!t( tv~l3125, :ii:), 911JtEiv~l3130, ~ 

:El-ij1.)L;l lOPTtet'@tE±$$rJ]200aq:t r"tn[n]@o f1f{cHI!, :t.z□ *lUJElOO,Jijfj5E § f1~$$jJ,§200b7G~ 
6Xi m tE Jg~! lfl Pl:!E :Ji JxC ~~ ( {JU :tzP , B ti $$r!§ 2 00 btE 1=5 ~ $$r!§ 200a ~ ~ ;t§ ~ lfl $}Lt~ _t .BX/~r ff tE lfl 
~% JHiiltlt BS 01 j's] ~ii,~ {i , {! 1~ § ti xt * tE § 1W 1¥1 01 j's] Jl 7G ti;J 6Xi J.§. tE )§ at 1¥1 JxC ~ ) , tE ti7 #I 
3130 ,~:E'J:!.-ij1.5Gl 10mtet~tE±$$r!§200aq:t r1:n[n]@o ~ 91U (iv#l3125, ~), iit¥3100PTta5R 
_§_ :;f .tz: ± U[n) @ o 
[0374 J f!ffl $ IK.®:tU70fi?:m*f~ ll § ±~JR79.1if.$W3 
co375J * tJE10omt~f~~!l~llH~uin:riJ§g,~1:1:, ffir ~ ~mH:t _§_n[n]@rJ:::f ti~1t=HJJ~mu$$rJJ200 
1¥JtLlM oi5U:tzn, *tJE1oom¥r$·t~{i*fft1mU~El!.tz:$$jJ,§20Qf' J1:1¥Jxt* o1YU:tzn, itxt* PT§ 
1E$$p,§200MJli1¥J ~~ $$rJJ <',<3m:/TlP/~:x:3mti.:t o *tJE1oom f!fflmLliJJ~tm*~:i!lP/~ 
fl 11: $$p;lJ200 0 t~ tfiif ~® ~ !Jlli7f :&: , tu ih~t m PJ §1ifi tE :;r-1BJ ~* r9JAh ~ii Rs $-t ix .[1L 1Yu ti□ , 

mLlMfi?:mPTiX {9:'.*iJElOOLl ~J!BS ~J!ll fl J!:$$~2000 
[0376] 3miit)H~'E1tE$-trx@: BS t1Jf}J~m, *tJEl00PTJ'1<: {f $$r!§200~1xt~!l':f inlP/ E!¼* 
~rm§!® JAt g ft 1¥17f A1*11: 01YU:tzo' 3 ~#3: in tEkJlH:kT ~1l J1:$$p,§S1 '}).mEJJ□ BS S1~LJ][jLJ $ 
$r!J~J1:1¥J~~,~M~~~:;r-Llffi:i!*!Jlli~0Ll~#l¥11f~-~~M~~~~Jt~~ft~ 
11: 0 t§&, ~#1in PJ~ )t; T£Jj:tf!JJlliJJ□ mLliJJ:tt, ftFnt~JJ□ ff n, Jtt rm tE$$f\13¥U:it:;tt f=i tJftfl Jtj:tf! 
,¢,i: S1 ' ~#3: in pJ ~ {~mu M ;J( ~' 11:iU 1±1~ $ fl 11: 1¥1 S1 ~u iLljt: ~ ( ~ ~ ~H Jli) 0 Ll ~1~7f A ~ft 
44rJJPT tRd~ § ft fl 11: ttti , ep , ~ !l':f in PT g ;t; i'1<: {t ~ W ~it , ?Jr ~1 ¼ $r!§ 7G ~~~. ffi )t ft ~n *iHJi 
'*JJ\ i===:rz ,r-. Jrf,/.B ,tt:,11,~A~Pkf~ ,r-. ~ .. ,,Jl=lr;,, lL, 15C.1'if+tV''.Vl'--zs;~,.,, o/lLo 

[0377] *;JE10om HH1tPTt!H!isx1$$p;J.j200Er'1 ~#~.ln;fP/:ax;*~fm 8 J®W: § flti'r'17fYft*~,Wi; 
tLlfJJss § -1:$$p;l]~~n. 01YU:tz□, a~®~!Jlli1f:rt: q:i, ~;JE100 PH!l:f:fOOflffl~*l'f.122-126 q:i ss 
~,t~$,t~Jt:$~2oorH Jli!X~RS $.t,OO{!o~l!J~J't 11 Or:iJt:£83~&tfiif:tto 128ti41z:$-t 
00 ft , :# _§_ ¥ r At$ ,t 00 ft 1¥1 jJ\. tfr * ifUJiJ ffi r fl 11: $ $~ 20 O 1¥1 JHEI! .tz: ~ ( {JU ti□ , xt * , :X: :® :IT 
lU/E1Xi5t3mti.'t) o¥rt~iRfJLll¥JiEl!.tz::H, *t]t100PTt!H!ismLl~JJ.mmJtft¼$p;J.J2oofl 11:otE~J~ 
~mh7fA q:i, :tz□~rx1$-tOO{Jl¥1-5HJl"fmm5El¥1, $LliJJ.mmm EtE$-t!X@: ( {J~:tz□, EtE: 1=5 
m-~:i1**~1¥1ffi-~.®:;§ffi~rffi-~J1$1¥Jffi=~:i1*1¥1ffi=~m;LlRtE~Jli 
§ f]f fl 11: tti! ,¢,i: B1 {f mLl i}J Jj( T ~{f 1~ 1¥1 ffi - ~ n ) 0 
[0378] 00 32A00?F 7 tE'E1tEX1*32201¥Jil~J4t3210_l ffJt!:1¥J $$~200 o *;JUOOPT iftJJiJ~El!.tz: 
:ttc 1J1J:tzo, x>f ~3220) l1 it ¼$p;J.J2oot§xtriEl!.tz::tt1¥J~~m~rm fl 11: o 1J1Jtio, tEiEl!.tz::tt1~~1mU¥Uz 
J§ *t}ElOOPT1,;t;{f $$j),§200~~, :# _§_t[jLJj:kx,f*3220ZfrJ{f $$iJ,§200fl 11: o 
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[ 0379] ~:El 1¥'. 7G 11 OPT:MlmhxJlr EB 00 {%Hi~~IU 22-126 cp Er:J ~'4'-~ $'4'-~l+3u't':J $ '1'-
00 fief~ ,!ijfj JE ffl T fl 11: $ $pij200 s"J fij~,t;_: ~ 0 ~:f*. JG 110 pJ ~£EB~ t!iHl D 128})\ 00 {i tf§~~l'i 
122-126:tlYtOOfi o tlUJiif~®~JJ1h7JA, ~!ll1ttt DJ 'elJr5xJ*32200 'fJLl:t.zo, xJ*3220DJ Ll 1'-rJilE% 
2810 r.i'B JJ~-$.ffi oi'IHffif~®~JJ1h7JA, :t.zo5'!x1*3220fr$ffi200[B~~~ff:lfl:[Xf!ljli;J, ,ITTIJ~ 

:El1¥'. 7Ll 1 om ~Q111JfH~btff o 17Ll:t.zo' ~Q11IJA~btff pJJtt~rx1*3220!5 $$pij200zJ§J ITT :.t9x1JEe ~ 0 
fil~-ti7, i3:;frfliQj]rJm :i&tm~ ~x>f *3220!5 $$pij2oozJsJ ITT :.t§xti!ntlP/.BJU§xtJJui!nt o 
[ 0380 J 3:HHtll~IG IH~±fu, fH~bt ~t PT 1'1trS:St:imti-,:t, i.~:t.zn 00 32A cp ~ t±:l ITT :St:imti-,:t3240 o 'fJtl 
:t.zo ':St:imti,;t3240DJLl~{l 11:;J,i,;t;fP/~p[Hiti-;t O t1um~®J:JJ1h7JA '~:El1¥'.5Gl 10DJ ~:fl 
$'1'-00 fiLl Pfi!JE:St:imti-;t3240ITT 173 'fl-, 1i=:7'1WflJE~Ellbttt:JE~YffrS"J ~$73\. o 'fJLl:t.zo, :t.zo5'!$$pij 
200ieJH1r~i! ',Q11j~:fl1¥'.5Gl 10PT 4r FR :::Z.:im;J,i,;t324M.9il5Ei'Br~i!*m5E~!ll1tffi'B#fr O fie 
7'J 1ti ~ ~ vLl , :t.zo 5'! Ji't)'.J * ;f PI :Y.xJI )'.J n , Y1U ~ :fl 1¥'. .JL 110 PT~ r :St:im )'.J 2 8 30 * ,!ijfj IE fH~bt ff ITT 
ZftL 
[0381 J ¥r $'4' ~ {i, ~1l1¥'-5Gl10pJ,!ijfj5E § ti-fl 11:±fu,8 3250, • _E~HAff r!fLlz;b~m, $$pij 
2oo~JU41l ltfr § +i-1l Jttt'1,83250~o.¥U:lt: § +i-1l Jttt'1,83250PT f-'Fllililr $$pij200ITT tLli}Jff)J 
sqffJJ1 o § ti-f-'} 1ttt11,8:12som ~r:St~HT3230lP/~:St:imti-;t:124oITTtt'1B, 1!1~$ffi20011 
~:St:imJ'.T323o;fn/wt:St:imt1T; ,:t3240 o w1cJm, § tiT;f~ JLJt,~ 325om¥rxt*3220, f!1~ if-$M 
200fr.¥U:lt:x1*3220Z. ~u fl 11: 0 ~.tit' B ti-fl lttfil,83250PT~rx1*32201fltfil,8' ~jJ&i:92i$ 
$pij200!5x1*3220Z.f§J ITT,!i}:ffiL fr ®~JJ1h7JA cp, § ti-fl Jt±fu,83250ITT ~ffipJ ¥r hA.$t 
00 fi~1~ITTffiITT {a,@,, ffi:t.zOffiiQj]rJsq § ti-,ffiITTPT %~~,ii~LffiITTPT %1i-;t, /r/J,/r/J, o 
[0382] 00 32nOO ~ 7 !5 i~ff R"J ~JIBi:1JA:.t§~ji3.z:1¥J~'fJH1 tU z;b~~mL fr 00 32n~ t±:l 1¥1 ~'fJtl 
er, tUz;1J~mE:frSIJ]'4'-!XfL7tTTiI, !X@:sq~y: § ~~vHisq, :# ll!503f ITT~JJih7JA:.f§~J& 
sq trJi.b~mPT 1'1trSff1Pf ~':1§t1l: § ITT rx: m ( {71J:t.z□, 2'4', 3'4', 4'4', 5'1'-, 6'1'-/r/J,/r/J, rx: m) o 
[0383] frlK@:1 cp, **3ElOOPTYtt~ PT~tITTtLli}J't~ ]t o'f7Ll:t.zo, tEi~!K cp, **3ElOOPT~YX~ T 
ep i~ .¥U * ITT JEt D ( 'fJLl ]lo ' ~ ~ :StJffi :J:T ITT JEt D ) ITT {§ ,g ( 'fJLl ]lo ' tm 00 '£5( :fhs ;f P / QX 00 {i ;J;x }hif ) 0 * ;JE 
1 oo PJ ~itfi~1J-+$fll32001¥J:®:N ( 'fJtltm, Ittlk:r~t □ 1¥J~·t1, $$p;Jg2001¥J:®:N PJ ~ftfi~1J\~t1 
70-50km/hr) o *;JElOOPTr1:.i!l.1f iJa1~, 'fJLl:t.zo, jdf.Jfr~f.B.Z.frJITT 100-200*-'-f J:~~i11.1f tf.J 
o. 2-0. 4*/fY 2(:/i:.;fctf.Jo. 5*/;f1,P2

) o:imrlfr rx:m 1 cp [1$:fl£¼tM200ITTit!Jt, *M:lOOPT7'1¼$fJ,J 
200 ITT ~ ~ v1 5f P / AA ;i,p/~f ti {j¾ * tJE 1 oo J;P 11ft ti :lfl:JE% n ITT .i'.11Ll!L 
[0384] fr!X@:2cp, **IE lOOPT JMJJ05$AEr:i *Lli}J ofri~ Jx@: cp, *;JElOOPT~rxt OO{i~U/iif 
s"J 1}:tfr*ti4Xf8 ,~,, 'fJLl:t.zo, :St:imJ'.T~~IlO/AAtE$$p;Jg200hfil~ cp sq~% D ~Zffr{f lt$1f!i3 o * 
;JE 1 OOPT¥3.z:19:'.$$W]200fri~ ix cp tl}Jj ~=ii¥Ji11.1f 1i1}' ~ B1li1e fl 11:~~fl lt$$WJl¥J li1e ~fflt1 
Aoi3:t-¥:1$PT J'.1$$W]200ITT ~#1ff.\;fP/AA*~tR:1j¾~r~ITT ~'.!It, **IElOOi~ Jl1f )E{iJ$$ ITT~i'RJ 
*%~tLli}J;tJli}J o i~f>ZPT JZt~fl Jt~:.;fctf.J30-100*, :# Fl.-5¥:1::B~it!JtPT tf.JT'Jl. 5-2. 5*/;f1y2 

( Ji&:.;fctf.J 7']3. 5)[(/;fY2) 0 
[0385] fr!X@:341, **IEl oomfty: tB ~JttLli}Jtl,r/J!i3: 0 'fJLlJlo' tEi~ ixm 41, **IElOOPT HUhif li1~ f~ 
11:~AAfl l1:$$p;JgITT*~~li1e ~ :# _ft¥f $$f\13200ITT ':1§frr:®:&5fO~:®:&)l<:tljl/j!if$$p;Jg200ITT:®:&o 
:imrlft!t8i3:T~iJa1~, *;JElOOPT J'.1$$W]200ITT ~#1ff.\;fP/AA*~tR:{j¾:t.zor:t~~: *;JElOOlE~ 
i~Aiffl?J\.tLliJJJJJ3¥, ~s1:ttJJt1JJ~1J\, 1sttrzrrr o i~r><:mJZt~fl 11:~AAfl 1t¼$f),J:.;fct15-3o 
)[(, * _§_ -'-f:l:)J~JlffitpJ tf.J 7']0. 5-1. 5)[(/;fy2 ( :ii:Ai17'J2)[(/;fy2

) 0 
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[0386] tEIX~4cp, ]Un lOOPT 1UU±:l 1J\~/i'iiffLlihi~~ otEit IX~ cp, ]UJE100§t ~~1$fi~il'~ 
s{J ~ ~ ffi 1~ s{J :il mJi ~11 Me fl 1t ~ E1¼ f J Jt-$ $W3 s{J *~~Me ~ 0 tE it IX er , ~ ~1 1ri tri I E1¼ * ~ m w :W: 
-$$l\§200t]Hl:l:if!Jfri}J iLl1ft ( 1YLlfto 'fr {l Jt~~E1¼frYi ~ -$$\\§ nHm) 0 it IX DJtig nxfi!e {l lt~E1¼ {l 
rr.-$ffii1'J A~~:iiJ§S-7*, ff_§_ f:l:?J~:i!JitPT ~~7'10. 3-0. 5*/;fy 2

( :ii:A~~7'Jl*/;fy2
) o 

[0387J 00 33~!5 03f ITT ~nm1f At9 ~it ITT Zffitff 14o;t-ri;~1 soITT ~1YH':l:tl!OO, itZf {itff 
140;frl/E1¼ 150 PT Zf {it ffl r :tft.ff ~i' E1¼ $ i'~fF 8{] t~~ o ~Q 00 33 cp 00 JF ITT , Zf {itff 140 PT Zf {it 
ffl TtA1T * X cp Wi :iztITT ~Ell:t:z ~tfft1YW ;fQ U[n] m ITT • ·t E1¼$ ·t mm O WLl ~n '1¥1~ ~t 140 pJ Zf {it'~Ell:t:z 
-~iR£iJ 13tm3300;f Pi}J{f U[n)@13tm3310 0 
[0388] ~Ell1:zff.iQ£1J13tm3300DJt7{it1r~~' 3 EB ~fl.5Gl 10t)V1fSt 'itt~~DJffti91Ufflrfl 
Ir.-$ ffi 2 00 i1'J iEll 1:z ff i1'J # fr O f5i1J ~□ ' iEll:t:z ff iQ 571al m 3 3 0 0 pJ ~ :fJ)A ~ & ~ -1' 00 {I 1fH iJd·tJi 
122-124:ti~tITT $i'001i' ~ffti9l~~Ell1:zffITT1'ftE O fto_t Em Li its{] ,}KpJ 'Bt2i ~Q571Jxt~3220,5(. 
jffi'):J3230;fP/E1¼3tJffiti7t3240o 
co389J Z9.Jftnrn1mt~m331om1¥1~t~~, ':13 EB ~rt•5t11otft.1r□t, itm~ mnrn1mr~Ell:t:z~i 
s{J Zf tE O 1YLl~□, iJ11tn[n)@1:~m331omtt~1rt~*Ll, ~ t%JG:il:fP1E1¼ fl 1t-$$jl,§20001YLl~□, iJ11tn[n)@11 
m:n 1 OPTtA1TfffLl i}J~ m' ~ t%JG:illP/E1¼ {'} lt-$$l\§200 0 i}J{f UfnJ@tlm:n lOPT ~T *Ll l9)~ m ITT 
JJ § ff _ft¥ r WLl ft□ ~±~ [2;] ~, 1ifft i91U ~Ell:t:z ff ITT~~ ;fn if-$jl,§ 200 ITT :i!Jl'.* ,i;Jfl JE 1ft. 1T $ i' *Ll 791 
~mer 8{J~i' o7J T ~r1&:fft1ITTU~EllJ:z:ff~t-$ffi200-B'RiL~ fl Jt, ~Hl.1$LJG110PTl~J-$$ll§200ITT 
11lfrL~tJE220, fffLJZ9.J*tJE230;frl/E1¼~fPJ *tJE240cp ITT ··tE1¼$·t1:ziXrH ~{1§ ~-o:itt ·i/7, t 
E1¼$i'i>ci}J-~ PT1~fffLl11lfrt*;JE220, fffLli)J*tJE230;fP/E1¼~fPJ *tJE240o'WLl~o, ~fl• 5c11om 
:t:z i5 fg ~ {1§ ~ , ~t 1Jt~ tJE 1 ootm :fl:1:iliN* 1< *Ll i}J ff :izsJil1 JE 1¥1 ;. o 
[0390J 00 3400 JF T !5 03f ITT ~nm1f At§~JtITT ffir-B'R1L-$twJ200ITTttf£3400orll£3ooo 
m ifui,1 ffl rfl 1t-$m200ITT~Ell1:&.:ff c 1XJ1J~□, M~ ,-$tm <'iJffi:kJ <'iJffiti .:t, ~~) * Fl. u1r1J@ r 
~Ell:t:z ff s{J ~ 191~ *1A 1T *Ll i}J~t m O rlfi 3400 pJ ~ 191~ ~ f~ ~~ITT ~Ell:t:z ff' ~ r~ ;E tA 1T $ '1' *Ll Z9J 
~~ 4-1 ITT~~~i' o 
[ o 391 J *Ll i}J ~t m P J ¥ r 11t fft ~91U ~!R 1:z ff 1¥1 ~ ~ ;fri I E1¼ !51BZ fft i91U ~!R 1:z ff t§ * 1¥1 ;t:t: t: *l tjt~dtf: 
( 'WLl ft□ 1 fi!ext ~ ITT fi!e ~ ) O 'WLl ft□ 'fr~®~ nm 7f A cp ' *Ll Z9]~ m pJ § t!S $ "I' IX@ ( 'WLl ft□ ' - '1' IX 
@) otE- r>Z@fffLliJJ~mcp, fffLlZ9.J~mITT*~rx:@m !5*~t%JGit)¥*~, *LliJJ~mITT*=rx: 
@m §11511\ r* ~t%JG:i!$ ITT*= t%1G:i!$, * _§_ $LliJJ~ mITT * - rR@m §:t15 tEtt:iii § 1ifl 1t 
:l:fil,12 st.rx 11 *Ll ihl.K f ~ 1~, ~¥r xt EB oo fiJi~~.'i. 122-126 er B':1 ~'4, ~ $ 'i"'~~ B':1 $ i' 
oo fts{J 1}1JT*1iJflJE 01YLl~□, tE~®~nm1f:rt: er, *~fR@pJ~tf!-$$fltJ2oo~zvtt:1Jo~:i!Jl'., * 
=lR@PT¥119:'.-$$WJ2oot~:ilt%JG:il, ff _ft* - !X@PT¥t19:'.-$$WJ200~4At%JG:i!$~zv~f~~~ 
CE1¼1lH:iii~) o 

[0392J tEW~l3410, rlf*3400PT {tfflOO ftM"~~J1122-126cp ITT ~!J>~i'*~~¼$pJ;J200 
[)]1:iiilR~ITT $-1'00 {lo1YU:ll0, ~fl-'¥5Gl lOPTt~ EB ~tAHi n 1281i~t$'4'001i o~fl-'¥5Gl 10 
PT-Mlmnx~T~~ITT 00 ff*,!ijfj JE Yf tE~"I'--!'.1X $'4'--xt~lP/~fl rmffet32 lOL...t~[)f1:iiiITTti 
7t o 1YLl~D, ~:fl¥ JGl 10 PJ~mJ:&1iJflJExt*3220 ,5l:Jffi1J3230;frl/E1¼5l:Jffiti7t3240ITT fffr o ~ 
fl• 5t 11 om :i£~ zv ~mnx if ~5l:Jffiti .=t 3240 s{J 17'] '?(¥ 0 'Wu ft□ , ~fl• 5t 11 om~ mnxtE ~~ :il 
ti7t!5 fl ltti .:tz.JaJ :it!:1-f r>Z 7:1\. o:itt~W, ~:ff¥ 5Gl lOPT1i:Jmnx~r3tJffiti 7t3240*~:fEJ1. 00 
fl~ m~~~:il o 
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[0393] tEW#l3420, ttl¥300PT 'elJrS J=llTf* Jt$$r8200Et':11H1!~ff o 17Llftu, )(t:fll'(i. 5tl 10PT ~ 
+x1~3220tE$m200~ft:ifrtx~ ~ B"J Zftt*i9.111rnE!lft~o 3:HrtiliAAlH~tfu, &!l:E£J'(i.5Gl 10PT 
~ T 5(;®):J 3 2 30 8"1 ':13 BU f§ ~ ~ ~ * i9. £1j ~st'& ff O t!Hi - ® ~ iffii: 7f A ' :tz□ * T-R:t.iJz;!:J ' mu )(tfl 
J'(i.5Gl lOPT ,/Jftl5E:i:®;!:J3230tt!n\Z~Ell~ff ot!Hffef-®~Jrffi:7f:i:\, f11Jfto, fto*:i:®t;r,7t3240~{1 
lLl]~ ,ct ' mu )(tfl J'(i. )L; 110 pJ ,pjfj JE'.)(;@f~ ,t:3 240;jq pjzfijgi,'.ft ff O a-®~ JM7f A 9'l ' ~□ *j(;@f;j\ 
,:t324o~~tH!;t;r,Jt# _§.$$Pl3200~tt~tH!, IJ1U~:®;t;r,7t3240PTtiJn\ZfHE!l~ffofil-WtE-®~ 
Jtffi1T A 9'l , &!lJ£ J'(i. 5G 11 o PT¥3z: {!~ ;JE 1 ootJHt!i it-tr:®~□ , i9.11U fHEllbt-ttt :f□ /AAt~ 7i $$Pl3 200 iE r!rU 
i}J AA lE Jf 7f ~t r!f U i}J o 

[0394] tE&!l:Ell'(i. 5Gl 1 Oi9,£iJ~EllbtttzJ§, tEffe#J3430, ~:Ell'(i. 5Gl 1 ODJtlHJisr!flji}J~m*J& 
f!$$r8200~i!:f□/AA{1 rr otE-®~JM7f:i:\ 9'l, ff;l]i}J~mm §;j:5-5E~ § [t(J~m!Z:.®:o ff;iji;J 
~ m B"J T-IBJ ~ ~ tz: ®: PT 83 R1 f§J Ji'ujf:j :f□ /w/;$$jl,lji!t@'.~~ 5E o 17Ll~o, ~:Ell'(i. JG 11 o PT *t!ist~ ~j Im 
7ES1 f§J @:AAl'l:iU $$Pl32001fl i!ntiU:iE El ;t;r,{llfl ffi-~ ~ tz: @:*1A:ff $$Pl32001flt:1miJ o El tifl 
pJL:;JJitJn5Ei!& 'AAi1rPT~~$$r8200tt ~tEtA:ff miJl9.J~mz~u ITT:fffilITTi!&ITTB jHt 079 
7 ~iffii:r!fiJiJJ~tm, ~:EIJ'(i. 5Gl 10PT iPJ $$Pl3200ITT11rntlUJE220, r!fljiJJ *f3E230:f□ /QJt~ iPJ * ;JE 
2409'l ITT-'1'AA~'1'1t~~ -=f{;'f ~ onl:-tv, -,tAA~'1'¥!li}J~PTt~mU11¥frt*;JE220, mUiJJ.* 
fJE230;fn/wt~ iPJ lUJE240 o 
[0395J fto_t oo i:fi,tin, i'lHJi5-®~Jrffi h:i:\, miJiht'~min~mtz:3:PTx1 mr~11Qi!$ o1:fLlfto, 
~l9.J~mPTBm$T!Z:3:,#_§.ffi !Z:3:PT~ffi ·~i!$*~ 0 ~l9.J~mPTn!: WBm~ 
ffi=~i!$*~ITTffi=!Z:N°ffi=~i!$PT~rffi-~i!$ 0 

co396J n1:-w, ft□ ...t TIIT Witi¥1, ~ffl-®~Jrffi:1f A, tu l9.J~~ m PJ Bt~* - l~miz:n, ;tt 9'l 
r!fiJl9.J;j( f B~ ~{~~$$~200~r1:.fH!tl~ffITT¥itEIEI ~ ( 17Ll~D, x1~3220,5(;®;):J3230, j(;@f;f, 
.:t 3240) zrsJ ITT 1re li!i ITT Pl§~ o f71J ft□, t1J l9.J ~ mm BtrS {±$trl3200:ttm: § 1i1* ittil1.#., 32sos111$ 
{~r!flji}JJJ( .:if ◊nl:-tl;;, iiJj* § ti1* Jttfu,~3250PT f+ilJJI~ $$r8200ITTmiJi)Jffh ITT3flJJ!z:o 
[0397] t±:1T007F ITT § B"J, lWOOITT +atit 8 .¥.JJJL :ff~p jj ~_fi:ff T-~~ r07f ITT JlW%:r{:AA~ 
JM7f:i:\o~~~*~~~0*1¥1~Jrffi:7f:i:\ITT~~.~a~a~~*~~tt*AMffi~~B 
B~ 0 ;jjJr' .@l11.t07f B"J ~JM7f :i:\ITT ~ :1foota'i:itJ-Jt¥{ittEt¥{itff 9'l, {§.~*~m~tt*AM~~ 7 
~¥Ll, J3:!~:1foo -th PT ~1 Zf{ii tEJ:t 't~~ ITT mft□=~ Zf fit~l'iITTitJUJl PT i&1r Jm _t, ,w1Jfto, uJ 
.ffi:AACD ROM, AA;ltB%:i:\ITTRAMAAROM, USB1)-~ ,DVD ,MftAAJt'B ft~IR1r.Jm o 

[ 0398 J ~r ~ oo ta'! :it:f P 0 3f :1f ii Et':! itJ1LtJll¥Ff tEff t?: ~.i! Et':! 3f btA M Et':! f±* ~ o ;3-;f~;f¥Jf 
AA~Ffffi~aj~~ffl*~~tl*AM0~ITTff~tl**~mAAi1raj~~*~ff~#~tt 0 

Wtlft□ ,l£Ff .®:AAl£Ffi'J.tk: PT~ i&itAAf~M. Net Framework,. Net Compact Framework( R.il'§ 
*ii§-§, ffift□Visual Basic,C, "#"#) ,J ava,C++ ,Objecti ve-C ,HTML,HTML/ AJAXt.§.* ,XMLAA 
{iJJt J a va1J\ ;f~Ul ITT HTML o 
[0399] rm_§.' .@l?t m ~ t't~Jrffi:7:f A Btt*X 9'l fa'jj£ 'Jlff ~ [BJ 5Gft '1,ia 'i"i'IH1L t.§.* ( 'Wtl 
~□ , ~-Z-~ Jrffi :1f :r:t ITT :1f oo ) , r'Sl ~ :f P /~~~ITT ff 1nJ R. JiJr ff~ Jrffi :1f :r:t ITT ffi II :It~ r 4 0 3f ti 
*~~tt*AM7M 0 ~~Jf*~9'l~~~@M~m~~~r~~Jf*~9'l*fflITTill§, * 7G ~~ T * * f!8 ~AA*$ it'$' i"~Jt,JHR] ta'! :itITT ?F 17Ll O ?F 17LlEZtifflf ~ )',) 1r t!Mmt!: B~ 0 JltJr ' 0 7f 
:1fi! 9'l B"J ti7 Itli'r~ ~1 fffiif7f Af~r'11:, 'E'LtrS~J~Jrtl~ff ~ti7 #l:fW/AAna J\.AAJJJt~~iti7#l o IE! Jlt, ~Jj 

moo~~?Fffl~~T'J&~m~ttITT,~lEITTm~~m~~~~~~Jf*~R.;tt~~ITT~IBJ 
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1 . - 1~ ffl -=f $ffi ss $i1Ht 11:;liJJW * ;JE , it $m ~i lt ii ~IJl~ * tJH~1 tE : 
~&-~oo•M~~•.m~~&-~oo•M~~••re•~~~m~~mITT~~~ 

~ITT~&-~OO-,M~~~~mmmm~$ili~ltITTfflgITT~&-~ili~~~; 
JjJJfiHiD:Llht 
~y-~~~~m.MIB~&-~~~~-~re•~~fiLl~~~: 
~~M~~ffl~D~~M~~y-~~-= 
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~u $ili;t§~ltkITT-,t· 9,)t~it~ **~~*ITT fte /§'J; 
~-=tMm~ITT$m~Jtfflg~~~TM~!EITTMM~$ffi~M~ -~AA~$~$* 

~{]5RBSfte /§'J, ,pJf!JEJiJrill$ffifrfr1T~BS Ji)rill3~$m~~ep~'4tt Jt: Llht 
~-=fM~$ffifrfffi~ITTM~3~$m~~~~~ltITT~JE,~~M~$ffi~~$ 

mo 
2. tlttlr5tZ%Ll~*lfiJr~ITT $mt:t ltii~m~ *tn, ,;rt,, fi]r~$$W3ITT {tr i1.ITTfiJr~~&-~t§! 

~n§m$~$m3c:pITTM~$ffifrttfi~ITT$mITT~~~~o 
3 . tlHhs fXlLl Jf * 1 Jift~ITT $mti lt ,ii 11JlUUJE , ,; 4-1 , Jifttt~ ITT $mti lt {g ,@, § 115 $ ~ $ 

m3 c:p 1¥JrrJJM~ ti::.meP)l:4tt lti¥11ii¾o 
4. tlt:tlr5;txluJf *1 Jift~ITT $mtt 1t1& 11J1~ * tJE,,; c=p , Jiftrt~ ITT $mtt 1t {~ ,@, §115 Ji!eJift~ 

$mtt 1t ITT fte /§'J o 
5. tlttlr5i'X%LlJf *1 Ji)T £ITT $mtt Jtt-&ilJl~ * tJE,,; c:p , Jifttl~ ITT $mtt lt {g -~' §115 fr?JT £ 

$m:~i Jtz. ~ s'J miz. s'J llfJ $ o 
6. tlH!iil i'XlLl~ * 1 Jift~B"J $iltf't ltii~Y!U~ ;JE,,; c:p , JiJT~$$W3 s"J f:frl'i s"J Jift~if:&-~t§! 

~~§mffiM~$m~JtITTffi/§'JITT~~~IEo 
7. tlt:tffif tllLlJf *1 Jift~ ITT ¼.mr* r r.ii~IJl'L* tJt, Jt c:p , Jift~ 4:$W3 ITT fv.m ITT Jift~ ¥ &- ~t§! 

~n§mffiffi=$ffiITTffi/§'JITT~~~IEo 
8. tlttfi5t-Z%Ll~*7 JiJr~s'J$i§:~t Jtii~IJl~*tn, ,;c:p ,JiJr~ffi~$$W3frttJiJr~$$W3s'J~ffi 

fi~o 
9. tlttlr5i'X%LlJf *1 Jift~ITT $mt:t ltiiilJl~ * ;JE, Jt c:p , {ft {!Ji)T~$$W3~~ $m ITT~ !}J§115 

[P] Jift~ $ffi ITT~ [P] * ;JE,t~j~ 1§! 4-o 
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ITT~&-~oo•.m~~~gmmmm~**~lLITTfflgITT~&-~m~~~; 
l1ctlr5±t D : ~j,& 
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M§~amJt~&-~OO~$~MJt~&-~m~~~~*~$m~$m~Kfflg: 
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M$mffl*~ITT-~~~$~$m~*ITT~~; 
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t~:W,:sqire ~, ,JiJfl1EJilrJ!$$r)j_if frqJ$ESq Ji)rj£3fiJ$m~~ep*JHt ll; Lllk 
¥rJiJrJ£$$miEafi$Ein JiJrJ£3 ~u·$m1i::~ep ~ttt Klfl11JflJE, fJLftJiJrJ£$$m~~* 

ilL 
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~$m3$ITTMJ!$$r!jiEfrfi~ITT$mITT~~~IE-
13. ;t1RtffifttluJ!.1<11JiJrJi0"1$m, ~$ ,JiJr:t~~D"1$mtt 1r.11§,@,§1i~1"'$m~ $ 0"1~~~ 

~ $1:M: ep ~~Ht ll ITT f;} u~ 0 

14. t!Rtfiif tXlLl ~ .1< l lJi)rJ!lfl $$jlij, ~ $ , JiJrtillX lfl $mtt K {§ ,@, fl.1t ireJiJr5£$mtt K lfl 
ire~. 

15. t!R tAHXlLl Jf * 11 Jifrif ITT $$jlij, ~ $ , Jifrt}V[R ITT $mtt K {a,@, §115 fr?frili $mtt KZ 
rus"JmirtITT AA*. 

16. t!Rtfiif :tXlLlJ!.1<1 lJiJrJ!ITT -ff $m, ~ $, JiJrJ! ~$MITT fftir.ITT JiJrJ!~d>-1"':J'Ei ~i4g;j:;g ire 
fc;J:::~--,12-r,-: '"· l,h , c. ,',fr l;lr=; 74f ,',fr -}Ji] "'4 7:#, ,->--, 
rJI ~-=p)]L;,~ -1L f:l'j Jl't:'. l""J f:l'J •1:lftl..i)il, 1l)fl ./E_ o 

17. t!RtM:tXlLl Jf * 1 lJifrJ!ITT $$jlij, ~ $ , {JE{f Jifr5£$$jlij~~$m §115 IPJ JiJr5£$$jlijITT ~ IPJ 
-;z;: ft±;; '[':~.'btl::'../4 
,m....::JLlX..J.6..11=1 ~ o 

18. -;f~ fflr~wiunxt.+$rJB1¥r+mtt Kl¥J:1frt, i~1frt§1~Ll r·:zv~t= 
~~~d>-~OO-~~~m,~~MJ£$mITTfiT7J~~ITT~d>-~OO-,MJ!~~§ 

mmmm~MJ£$m~KITT@~ITT~&-~m~~~; 
M§MaMJt~d>-~00-$ITTMJ!~&-~m~~~ITT*~$m~$m~Kffig; 
~TMJ£$ffiITT~ir.ITT~&-~m~N,~kMMJ£$ffi~~MJ£$ffiiEfrfi$EITT~ 

1ru.+mffl*~1¥1-~~~$~.+m~:w,:1¥J~~; 
¥rMm~ITT$m~KfflgJFJl¥rM®7EITTMMJ£$m~MJt-~~~$~$m 

t~*B"Jlre~, 11Jfl1EJifrJ!¼ffiiEfrfi!l':f S"J 3fiJ ¼m~~eP~ttt K: ~:JR: 
~TM~$$r)jifftfi$EITTM~~ru$m~~~~~KITT~!E,~~M~$$r)j~~$ 

m. 
19. tlHfii::tXtLlJ!.1< 18JifrJ!B"J:1fr!, ~$, JiJr5£$$rJBB"Jfftl'i.B"J JifrJt~d>-~1~~1-1§115$ 

~*™3$1¥JMJ£$m1Ea1r~1¥J$m1¥J~~®!E• 
20. t!R tfiif :tXTLl Jf * 18 PfrJ! ITT :1f r! , ~ $ , Pfrt¾~ ITT $mtt K {1!f ,@, §115 $ ~ $™ 3 $ ITT~~ 

~¼mep~ttt KITT1iiR. 
21. t!Rtlis:tXlLl ~ .1< 18Jifr ~ITT 7JYt;;, ~ $ , Jifrt~~ ITT $mrt K {§ -~' §115 lreJifr ~$mrt KITT 

irf! ~ 0 

22. t!Rtlis:tXtLlJ! .1< 18JifrJ!ITT:1fr!, Ji]rj£:1fy!:if§;j:r5 Ll r· :zv~I: ¥r JiJTJ!$$[!B ITT fftir.ITT )i)T 

Jt~d>-~ffi~N,~MMJ£$m~~ffifi~$mffl*~ITT-~~~$~$™~*ITT~~ 
nHf ~ffi. 
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[0001J t~~$mITT5cx.5lffl 
cooo2J * $ m:~t1tL:J r ITT 1ft~*x = 2014:tt=i J=130 a tt5cITT ~ ffil if{iist~tu $ m~61/933, 
32s: 2014:tt=s fJ 14 a tR:5ci¥J ~oo 1f{rjst~tu $ m~6 ll993, 111: 2014:tt=s fJ 21 a tR:3C:8j ~ oo 1f{rj 
ot~lU $ m ~62/040, 246: 2014if:10}=j7 □ :t£5cITT~ 00 illiiDt~fU $m62/060, 603; L;},Zz2015 
{Fl J=113 E3 tl5clfl~OO l[{iiSJ~tU $m62/102, 669o)i)T~frTIB$msl.J~1*pg ~t~:®rt 5[ ffljf 
AJ!s:Xo 

1~#~:00±~ 
[ o o 03 J fiJr itJ!s: 0 :ff ,~, 1* itb 2z § ± $ $jl)j -B' AA , ~ Ji 1* ±111 , W; ,& 11 ffl t§ tJHI 1~ § ± $ $jl)j -B' AA 
~fiEBj *t1Eto1J1! o 

alt::.§.-1:± --.1,i 
~:;r-.1X./1'-

[0004] ~iiftt:f:81.J 7F WT:ittt'7, ~~1iJ$ttmJ% _t-B'BfLBI.J ~:i: § -1: tp.$jl)jSj g ti~~p ~~:iis:iU o tr 
~,§-=:l:$ffi~~m~~~mft~~~~*A~~Asl.JMNr-B'AAo§±$ffi~PT~~~ 
t~l2sl~Jt ~¥ Ti3:®l2sl~f~Jzt±:l~':13ITT1RJE, L:J'Ji:.~ fm11t~Jfl!fuiiJ3:t:fu11A § sj±i!1o17Ll:!io, ':13$$jl)j 
ffl~~am~_tfi:it!:st~~~ffi~~B$ffi~fiABI.J~#~*o§~~~*mm:a$ffi~ 
~$ :tlh¾i3: ® x1*, * ~*lt'l¼L':13 s"Jrm 2zsts"JiJJf'J::*:iMxuilEt1L yj:Jr, § -1:~iJJ *tJEm i¾111J 
.1t B m ~ tt, ffiftO jc;® {§ ~ , jc;®,ri, ,ct ,fo $mtiic, Ffi5£.1t B tl't ~ ttWl ffi $$jl,lj f$ ~ ( 17Llfto , ':13 
¼$jl)j,J6,@H~ ,r. ~;2z PTfi!J:1:st, ¼ffi::;ffftiflittITTitE!t, ¼$jl)j,J6,{ITTJE1v.:ai1H~ r., ~~) o ~ -1:~13: 
i}J*tJEPT~t~~nJflk$$rJ;J1iiJSt@ i~~:i1[,JE% n ~~, 2a:~:i.l[JE%, ~~otlH!rifi3:®~1JLl~ rm~ 
m B':J ~' it~ [2s] ~ PT!tw ~ fffIHk:' L;J 1tJI11t!t~iz:i: fm1inJfl~ 8'AAB':J § _± $$jl)j 0 

£a_,EJpg~ 
cooo5J ~J!s:0:ff t§-Ji IE~Jrffi1f .rt:tJE:~ fflr ~ -1:$ffi-B'H!LIE *tJE:.fo1J1! o 0:ff IE ~Jrffi1J 
A PT f! ffl .;tg tll *t~1~ § -1: $$rJ;J -B' BJL t;HiE o 17Ll :;io , ~ 0 :ff ITT~ Jrffi 1f A t9 - I!l , 0 :ff ITT * tJE PT B 
ffl-1',~1'~~~1'fflm,mr~ru*m~m#~¥r~~Mitfflm$~-1'~~1'M 
$tB"J 00118"11}tJr*r±-B'BfLUrnJ@o 
cooo6J '=50:ff sl.J ~JJffi7JAt§-¥Y:, 1£1~ T -t~ fflr $$jl)jsl.J $:i.l[tt Jt~i~U*tJE o i~JUJEDJ 
L:J~M:~&-1'00~M$t~m.~~&-1'00~M$t~m~rem~$tlt'l$ffisl.J001JIX~ 
oj ~ &--i' oo 11, Jifrit ix f!l-:x;,e1i;J:i:t::1~:rl't~ ¼mtt , r. IE 1* ,1~, IE~ &--i'mi1Hi 7t : frtffif:tt u : 
L:J2z~&-1'~~~m 0 M~~&-1'~~~mPTL:J~re•~=~~M~~ffltt □ *tt~ 

MJ£~&-1'00~:~~Mtt:Mit~&-1'00~$~MJ£~&-1'm~~~~~~$~lt'l 
$ilttt ltf1§ ,~,: ¥+ Ji!rit$$jl)jB"J1:filis"J if:d>-,t-m~t1, 1iJflJEfAJifrit$$W3iiJ-'=J JiJr3£$$jl)jiI 
ttfi~sl.J':1§00$:i.l[ffl~~sl.J-1'~~$1'$:i.l[~*sl.J~~:¥rMmlt'lsJ.J$:i.l[~JtffigJt 
~4rM~JEIEMM~$ffi~M~-1'~~~1'$J.![~*IE~-.~JEM~$ffiWttfi~ 
s"J ':1§frT $J1t~~ ~p ~%tt lL: :# H~T JiJr5£$$rJ;iiEtE1T #3:ITT JiR3£':13frJ$J1t~~ ~p ~%tt lLITTnJfl 
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7E, 111iJiJrIB$$p,g~~$m:o 
[0007] _I::] 0 TT B{]~~7Jt(;t§-¥~' Ji!rIB$$jJ,ljITT {fI_E.B{] JifrIB~d>-,t-t\'t~1-1PT L), 'E1tr§$,t­
$m:'13 $ ITTMIB$ffilEftfi~ITT$mITTm~~JE O Mm*ITT **~Kffigm Ll filMm™ g; 
t-$m'¼ $ ~]~t-$mep )lif§t rr. o ill-W, Jikr12*[t(J $mtt rr.{1L~, PT ~J ~t§.¥1J$mtt rr. [I{] ifp 
~ o ~Jr, JiJrtJt*ITT $mtt lL{1§ ,~, PT Ll gtia$mtt lLzfiT mlfiITT aE 3¥ o?Jrili$$p,gB{]{iz:ir.ITT 
MIB~&-,t-t\'i~NPTLl~m~MIB$ili~K~~~~m~~7Eo~~~,MIB$ffi~~ 
n ITT JifrIB~ d> -t t~ ~ r.1 PT Ll {~Hr§ iU * = $ $p,g ITT !Ee ~ ITT 1'~ ~ ,Jijfj JE , * 1l.JifrIB* = $ $jJ,ljpJ Ll 
aMIB$ffiITTfiTOOfi~0 ~~MIB$ffi~£$m0Ll§ffi~MIB$~ITT~~~~~~m 
4' o ;1t!:-tJ? , JifrIB~ d>-1' ~HJIU~ir. J2E 0 Ll tllz Wcir.7-J , ¥ r JilrIB $ $p,g BS {iz:ir. BS JifrIB~ d>-1' 
t\'i~~.~MMIB$ffi~-1::5ffifi~$mfflX~[t(J-t-~£~t-$m~~[t(J~-illfi£ffio 
cooosJ -1::5 ~-03fITT~~7fAt9-i>c,$$p,gpJl:J,g;j:;g: *1*; ~d>-1'00ftm~*ir., i~ 
~&-,t-OO•M~~B~reB~~**ffi~~h~~~~&-1'00.,MIB~~~mmm 
t\'t~$m~l KITT {§,~,ITT ~d> 'i'-mlft11F.:t; jy_Jfistt □; Lllz~d> --t!ZtlJ.*]LJifrIB~d> 
i'!Zt~*ir.PTLl-~ir.7-J:~~MIB~ffl~ □ *~~MIB~&-1'00.;M§MaMIB~ 

d>-t-~•$ITTMIB~&-t-m~~.:tITT~~q:im~**~Kfflg;~rMIB$ffiITT~ir. 
ITT~d>-,t-ffi~r.1,~JEM~IB~ffi~-1::5~IB~ffilEftIT$EITT:'13fiJ~mffi*~ITT-1'~£ 
$1'$ili~*~~~;~rMm*~$iliffigJFJl~rM~1E~MMIB$ffi~MIB-1'~ 
£$-t $m:t"J *ITT /Ee~ , ,Jijfj JEJi!rIB$$jJ,lj lE a fi #1 B{] 3 lW **~ N ep ~%tt K; * ll¥r JifrIB 
$$p,glEft 1r #1ITT JifrIB:'13fiT $m~Nep ~%tt KITT1iJf!JE, 11'.1f JifrIB$$p,g~£$mo 
[0009] -1::5 i~ff ITT~~7Jt(:t§-jijc' Ji!rIB$$r#JITT {iz:ir.RS JifrIB~d>-,t-tl't~r.1 PJ Ll ,§Jjfj$ t 
$m:'13$ITTMIB$mlEafi~ITT$mITTm~~lEoMm*ITT$m~KffigpJL),§ffim~g; 
1' $m:'1§ q:t ~]~i' $mep ~%tt KO jt!:-tJ? 'Jilrti*ITT $mtt K {§ ,~, pJ l1 ~ti .¥U $mtt KITT ire 
~ o ~Jr ,JifrtRJIXITT$mrt K{1§,~,PTLl 'filt15a$mrt KzfiTmNiITT aE$oJi!rIB$$p,gB{]1iz:ir.ITT 
MIB~&-1'M~NmLl§ffi~MIB$m~KITT~~ITTm~~~o;1t!:-tJ?,~WMIB$ffi 
~£$majLl§ffi~MIB$~ITT~~~~~~tl'i4'o 
coo10J -1::5 !H-03f ITT~~1f:r:l'.:t§-Jt, t¾1i¾ 7 -f~ mrr&i~~ttx1$$jxgITT $mrt KITT1f 
¥!o i~7:f1!PTl11'Lt15l1 r W~I: tf' EE ~ 1J>-'i"OO{tt11r[1f*ir., ~JtlJilrIB¼$PBBSlW7Jr>Zb.lxITT ~ 

d>-1'00~,M~~b.lx§ffimmm~$m~KITTffi~ITT~&-1'm:~~.:t;M§ffiftM~ 
~&-,t-00~$~MIB~&-1'm~~~~*~q:t~~$m:~Kffig;¥rMIB$ffi~~ 
_E.ITT~&-1'm~m,mJEMMIB$~~l::JMIB$~~a~~ITT:'1§fir$mffl*~ITT-1'~ 
£$,t-$™~*ITT~~;¥rMmnm$m~KffigJFJl¥rM~JEITTMMIB$m~MIB 
-1' ~£$1' $mt"J *ITT fte ~ , ,Jijfj JEPJrIB$$jxg lE a 1T ~ BS :'13 fir*™~ N ep ~%tt K; Ll lz¥ 
r JilrIB¼$p,glEftfi!llf ITTJilrIB:'13 BU ¼m~NeP~%tt KITTm5E, {t1f JilrIB¼$p,g~£¼mo 
coo11J -1::503f ITT~~7:f:ctt§-Jt, Jifr~$$jJ,ljITT1iz:ir.BSJifr ~~d>-,t-t\'i~NPTLl §tr§$1' 
$m::'13~ITTMIB$ffilEftfi~ITT$m:ITTm~m5EoMm*ITT$m:~KffiSPTLl'filMm~$ 
t ti::m:'13 q:i ~~t ti::mep ~%tt Ko ;1t!:-W, JiJrtI*ITT ti::mtt K{i -~, PJ Ll ~ti.¥uti::mtt KITT lfe 
~ oP!rIB1f1!J2EPTLl 'filt15: ¥r PJrIB$$jxgITT{iz:l'!ITTPfrIB~d>-1't~~t1, x>t MP!rIB$$jxg.¥U-1::5 
ffifi~¼mffl*~ITT-1'~£$1'¼m~*ITT~~;1t!:fi£ffio 
coo12J -1::503f ITT~~7:f:ctt§-Jt, t~1i¾ 7 -f~ fflr$$jJ,ljITT ~$E_wmil;1Jx1*t-&1~~~*1EoJifr 
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Jt*~mLl§M:~&-,t-OO~M~*:'i.,~~&-,t-OO~M~*:'i.~~:'i.~~~*~~ 
mJifrJ! $ $rM"J IX~ B"J $T0011 ; ~ttii: :tl D ; Ll ,& if: y-,t- !,ttf]l*J'f. 0 JifrJ!if: y-,t-!,tt f]\*}'i 
mLl•re:'i.T'J:~rnMJ!~ffl- □ ,-~*~MJt$,t-00.~$8"1ffi-OO.Ll&*~MJ! 

~~00~~$~~&ffi=OO-:x1M~ffi-OO•ffi~&M~ffi=OO•filfi*~'Ll~~~ 
mffif00ffix1gs"J~~f00:ffi§~x1*~~frAAJ!ffi-OO.~MJ!ffi=OO•$;~~m 
Jtffi-00.ffiMJ!ffi=oo•z~ITTMJ!B~xif*ITT~&-,t-m~kITTR~~:~fflM~~ 
s"JMJ!if:& ,t-~mks"JR~~*~~MJ!~~x1*8"1if:&~m:#~~*M~IEB"1MJ! 
xJ*B"J ~m~ttffi~l~11L IJ!Ll '71@JifrJ!$tjl,!js"J~d>~!PJNi~B"1*1--L 
[0013] '=j 0:rf s"J~JMI1f i(;t§-Jjl:' JifrJ!~j>-,t-!,ttfl*:'i.if m LlMzjlljcji7'J;iifi!~JifrJ!$tjl,!j 
~m~~~~~o~*M~k~M~§~x1*~~~~fM~$m~M~m~~~~~, 

~MJ!~y-,t-!,tt~*I~mLl•reIT'J~IEAAJ!$m~~*~~jP]ffl~Ll~~~MM 
Jtx1* ,JifrJ!x1*1&~1PJfrJifrJt$tjl,!jITT $~zj'a], # ll 1Jr:1tJiJTJ!$$jl,!jITTJifrJ!~IPJ *in~~ 
MJt$ms"JMJ!1EIPJffi~~fflMJt$m~~~MMJ!xif*,MJtx-t*•1EIPJftMJ!$ms"J 
$~zi'aJ o;lt!:-zv ,JifrIB001iM~*ImLlJllf:At135&~::kt155&zi'sJB"Jfi:I:~ o § ,!;;r,x1* 
~~8"1~1EifmLl~f~~~s"JMJt$ms"J~~o~*'M~tm1E~ffimLl~~M~m~ 
B"J*00~&2cmoJilrJ!~&-,t-!ZtJ!ff~mLl•Wc:'i.7'J1iJfl~JiJTJ!l1H:&f 007'J~ t±:IJ~aJiJTJ! 
$,t-00.$ITTlliffi*OOffl*~ITTf~*OO*f00,#llMJ!lliffi*OOmLl~m@~o;lt!:­
zv, Jifr;iiJfl1Es"JJifrJ! § ;l:;r,x1*8"1 ~ mt§x1f JiJrJtmN:&f 001J,f lOcmo 
coo14J ~ ~-03f 8"1'.:tJMI1f:r:tf§-iJl:, -5f~$$jl,!jm §115: -1:1z!s:: ~&-,t-001iM~*:'i., 
MJ!~&-,t-OO~M~*I~re:'i.7'J~~*~~mMJt$~~~~~$,t-OO~:~ffl­
D; Ll&~d>-'4'-!ZtJI*ILPJrJ!~&-,t-!,ttJI*Rm Ll.Wcl'I.J-J: t_i: rn PJrJ!~yjJiS:fl D ':ti 
~*~MJt$,t-00-~$8"1ffi-OO•Ll&*~MJt$,t-00•~$8"1~&ffi=OO•:x-tMJt 
m-oo•ffi~&MJtffi=oo•*fi*~,Ll~~~mffifOOffi~gs"J~~fOO:ffi§~x-t 
*~fuftMJ!ffi-OO-~MJ!ffi=OO-~:~~MJtffi-OO-~MJ!ffi=oo•z~s"JMJ! 
~~M~~~&-,t-~&k~~~~:~fflM~IE~MJ!~&-,t-~&k~~~~*~IE 
PfrJt § ,r;r,x1*8"1 ~d>~&: # llPo*Pfr1i}ff1Es"J PfrJ!x1*B"J ~ &~rltm1El1xl11, IJ!Ll 'Jl@PfrJ! 
¼$jl,!j BS ~IJ> IE jPJ Ei ~ 8"1 * ft 0 

[ 0 0 15] ~ 0 3f s"J ~ JJffi 7J At§ - Jjl: , Jifr kt~ y-,t- !Zt fl *Ji if m Ll Mz We :'i.T'J fffl IE Jifr kt$ $jl,!j 
~m~~~~&o~*M~k~MJ!§~x1~~~1t~fMJt$m~MJtm~~~~lt, 
~MJ!~&-,t-!Zt~*J'i~ajLl.rel'f.T'J~IEMJ!$~~~*~1EIPJ~~Ll~~~rlM 
Jtxif.,MJtx-t••1EIPJftMJ!$m~$~z~,#ll~~MJt$m~MJ!~jPJ*~*~ 
MJt$ms"JMJ!1EIPJffi~~fflMJ!$~~~~MMJ!xif.,MJtx-t••1EIPJftMJ!$ms"J 
¼~ z j's] 0 ;lt!:-;ti;; 'JiJrJ! 0011 M~ *Jim l1 Jl1f A t13 5 lt~::kt155 ltz fa] 8"1 f![;I:~ 0 § f;[, X1* 
~m8"1~1EifmLl~f~~~s"JMkt$ms"J~m0 ~*'Mktffi1E~ffimLl~~Mktmffl 
BS* 00 ~ d> 2 cm o JiJrJ!~ &-,t-)(tfl :@if m Ll 11'z Wc:'i.T'J 1iJfl IE JiJrJtm NZ.f 00 7'J ~ t±:1 J~ fr Jifr Jt 
$,t-00~$8"1m~*®ffl*~B"1T~*®*T®,#llMJtm~*®ajLl§m@~o;lt!:­
:W, Pfr1i}ff1Es"JPJrJt § ;J;;r,x-t•s"J ~ &t§xiff PfrJ!il~Jif OO 1}f lOcmo 
[ 0 0 16] ~ 5j - 0 3f 8"1 ~ JJlli 7J At§ - j'I[ ' :t)H, T - 1~ ffl f ~ ~1Jrn m Ei L 6"1 x1. 8"17:f ~ 0 JilT Jt 
1f~mLl§mLlTW~:~rn~&-,t-OO~M~*ji,~~*~~mMkt$m8"1~~8"1$ 
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~OO~:~~*§Mili$~00~3$~ffi-OO~Ll&*§Mili$~00~3$~~&ffi~OO 
ft; xt JifrIBffi-001ttoif:& Jifriliffi ~.001tnJ:ff jHJr, Ll ;iijfjJE l:Ji1U4Pf mi ;t§xt @s{J$~-'f mi; 
1iiflJEJifrIBffi-001tlOJifriliffi=001tzr8J ITTJifrIB § i'ixJ*ITT ¥&-~tl&LITTR ,J~ d!ffl 
M~JE~M~¥&-~~~~~R~~*~JEMIB§~~*~¥&~~;#H~*M~JE 
s{J Jifiilixt*ITT ~&~MimJEl~11L IJ!Ll 51 ®Jifiili-$$\!,sITT¥&5EIPJft4H&ITT5t1to 
[oo 11J 1=5 03f lfl #;MH.h ;t;t§-¥i, Jifriliffi JEI~ mPT ~j ~fteJifrilimJ11:~in *® ¥ &2cm o 
[001sJ 1=503f ITT #;MH.:1J:itt§ ·¥31:, :t)H;ti; T -;¥~ ffl+ $$\!,sITT Y:.:iMJ:J:rft191U~~ ofofrIB*tJEPT 
~M:¥&-~OO~ffi~*m,MIB¥&-~OO~ffi~*m~&m7'JtEMIB-$ffiITTA~~ 
~MJE1irsst~~jr .~lfX1&:JE1iraJiJrIB$$\!,sz_tITT IX~$ ITTY:.:imnss g;~oo ft ;~YJAHt □; 
LlR¥&-~~~*moM~¥&-~~~*mPTLl~rem7'J:~~M~~ffl• □-~M 

ili$~00 ft; ~r* § Jifiili$~00113 $ ITT ¥&ffi-OO ft ITT JJ"tfr, ;iijfjJEJifiIBY:.:imnITT~~; 
~r*§MIB$~00~3$i'tJ¥&ffi=OO~,~JEMIB~:imnin~~lfl~~;#H~TM 
IB~~ITT5tftITT ;iiJflJE* 51 ®*tJEUrnJ}_IIZ o 
[0019J 1=507f ITT~-JitH.1f:itA'§-¥3J:, JiJrIB¥&-~OO ftffi~*m PT Ll ~t1sft~~LlR~fte 
~M~ffl~MITTm~mITT~~ 0 MIB¥&-~~~*m~PTLl~remT'J~M~~&ffi-~ 
~$ITT~$~~n!:IT~~ 0 n!:-W,~~IB~ffi$ITT~IBA~~~MJEttH~ITT~~~~ 
PJ"~;J, ~j;:~{]65nt, # HJifrIB¥&-~00{jJj~~ ~.8s 'IjiJ~Jill:rm PT ~;J, ~Ar65nt ofofrili¥& 

--t~ ftffi~*n PT Ll1&:WcnT'JJifrIB-$$j)J;j pg $ITT JE1iro :J1>'r, Jifrili¥& --t~lI*niET&: 
&m7'1,3MIB¥&-~OO~ffi~*m:iMMMIB-$ffiITT~~~~~~MIB$~00~~.~ 
JEMIBY:.:imn~~~0 MIB¥&-~OO~ffi~*majLl•remT'J~l+X-JEtt1=EfflxtrMIB 
¥&-~001ttrfl~*RITT ;E 1irITT 1± 150&¥180JJ[zfR] ITT 1211m a±l f&IX~ $ ITT Y:.:imnITT 00110 
n!:-W,MIB¥&-~OO~ffi~*-PTLl~re•T'J~l+X~~tt~fflx1rMIB¥&-~OO~ 
m~~•ss k 1irITT tEl 70&~180&zfs] ITT ITI!m aE ~IX~$ ITTY:.Jffi1JITT 001loJifrIB*tJEU[nj@ 
mLl~MffiMIB~~ITT5t~*~~MIB$ffiITT~~~oMIB*~~@~mLl~M~~~~ 
~MffiJE~AA~moMIB¥&-~~~*-~ajLl•rem7'J~r$~ttm~¥&-~ffi~ 
~*~JEmIB$~OO~$ITTm~lfXITTmIBY:.:imnITT~~0 $~ttl'iITTmIB¥&-~ffi~~ 
pJ ~:)_ {iJ, trS ~ T Jifr IB$~0011 ITT JJ'-i'Jr rm iRJJLl ITT¼ m1i1c. 0 'h >'r ' ¼ $\!,s 1irm ITT Jifrili¥ 1J>-~ f~ 
~t-rPT Ll '§JjslffirlGPS~l+XITT $$\!,sJE fir,# H?fr J£~&-~~lI*m PT Ll1&:Wcm7'Ji% Jifr J£ 
GPS~l+Xl'r''l $$\!,sJE fir-½ t-ili.00 ix=t/isillff ct $'1' Ll ;iijfjJEJifriliY:.:iMJ:J!'r'>J Pfrili~~ 0 

[0020J l:J yj-0 HS/,J#;-JitH.1f:i:\:t§-t!L-;f~$$f\13 riJ'§J15: *1*; ¥&-~001ftffi~*l'i, 
mIB¥&-~OO~M~*-~re-~1±$~~A~~~MJEtt~~f&*,~lfX~JEtttEm 
IB$$j),ljz_tITT IX~$ ITTY:.:imnITT $'4'--00{J; ~i=tlis:tt □; LlR¥&-~~:fI*l'ioPfrIB¥&­
~~~*mPTLl~rem7'J: ~ ~MIB~W~u ~~MIB$~00~; ~r* § Mili$~00~ 
~$ITT~&ffi-OO~ITT*~,mkMJ£Y:.lffinITT~~;¥r*§MJ£$~00~~$ITT~& 
ffi = 00 ft , 1iJfl 5E JiJr IBY:.Jfil J:J ITT~ "i0 ITT 5t ft ; ff H £ r JiJrIB ~ "i0 ITT 5t 1t ITT 1iJfl 5E * 5 I ® * ffE UfriJ 
@o 
coo21J 1=507f ITT#;-JitH.1f:itt§-¥3J:, Pfrili¥&-~OO fttrfl~*J!. PT Ll1&:Wcl'iJ'.IPJrIB-$$jJ,lj pg 
$ITTJEttoMIB¥&-~~~*mkEPTLl~rem7'1,3Mili¥&-~OO~ffi~*m:iMMM 
J£$$\!,sITT1~~~~~IOCJifr J£$'4"'001iB1, mJEJifrJ£Y:.lffi1TITT~~o yjJ[,, Jifr J£*tJEuruJ@PT Ll 
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§MfflM3£~~~~~fflE~MJ£$ffi~MJ£~~~.~#~~~.m~~M~~~~~ 
ff\ ffi JEjfil~Jf.~Jl'. 0 

[0022] '=j !H-0:ff ITT ~lMJJAl'§ -jj(' }}Hj¾ T -;¥~ fflr-@~1f.$$jffjsq:1fyiLJifi3£:1fr!DJ Ll 
§ tr'i ~Jr W ~I : ~?: R1 ~ &- 1' 00 ft trH iJ~ m , tE $ffi IE~~~ #l ff\ JE 1v. 11'HJ[fi jf- , iJOl£ fffi'. JE 
tttEM3£$ffi~~ITT~~~ITTx:im1TITT$1'00•:~r*~M3£$1'00•3~ITT~&ffi­
OO ft8q 7:1\. tfr, 11Jf! JEJiJr3£3t:im1TITT ~,-&: ¥r* ~ JiJr3£$1' 00ft 3 ~ITT~ &ffi = 00ft, 11m JE:JiJr 
3£x:im1T ITT~~ ITT~ {,t ; L::t&¥ + Jifr3£~ ~ITT~ {,t ITT 11Jfl JE * 5 I®~ ;JE Q[nj m 0 

coo23J 1§0:ff ITT ':tnlli7fAt§-¥Y:, 1¾1j¾ T -;¥~ fflr $$jffjITT x:im1T:lii~U~m oJifi3£JUJEDJ 
Ll§M:~&-1'00•M~*•·~~&-1'00•M~*m•re•~~~MJ£$ffiITT~7f 
~~IE~&-1'00.,M~~~§M*§M~&-1'x:im1TIE~1'x:im1T~oM~*m~ 
mLlgm~ffl~□ ~~&-1'~~*moMJ£~&-1'~~*mmLl•rem~:~~MJ£ 

~ffl~D*~~M3£~&-1'M~~ITTOO•:~MM3£~&-1'M~~ITTOO•~JE:ITT,~ 
m$ffittWITT~Y 1'ffi~N*~JEM3£$1'x~1T~~ITTm "1'£JM3£$ffiITT*~;¥ 
rMIB~&-1'M~~ITTOO •. ~JE-§MtE~JE~l§MIB$ffi*~ITT~&-1'x:im1T~ 
~ sq xim1T ITT~~: 3f _§_~-=f Jifi,/iftJJE sq~~* 5 I mi* ;JEQrnJ@o 
coo24J 1§ 0 :ff ITT~ nlli :1f A tg-Jy: , if. $jffj 1ftm ITT Jife 3£~ &-1' tEt ~ Z.-r m Ll g ;J=;f~ r Jife3£~ 
&-1'00mITT*~Wm~ITT$ili~filolli-tl7,~JE:M3£3t:im1TITTM3£~~mLl~mLlr 
w~~ITTffM ·#:~JEtE*~x~1T~~ITTM3£x~1TITTJEtt:~JEM3£x~1TMN• 
mt~: 11JflJEJifiillx:im:ITITTtlllB: Ll:& ,iiJfiJEJifiillx:imtT ~N§tr'iwJk 0 JifiIB*;JEQ(ri]@PJ" Ll §;J=r§ 
Ll r· w ~I~ f¥J ff{iiJ -;¥~: fPJ Ji)r3£$$rigf¥J Ji)T5£~~lff\1¾{j¾'lfE :@J=ll$.$r»3fffLliJJ: Ll :&f!Jili~Jf.j':£ 
~~~ O~*.M3£$1'x:im:IT~~ITTm-1'1§M3£$~ITT*~PTLl~Mffi~M3£$1'x 
:iffi:JT~~ITTm-1'ffi~rMJ£$ffiITT~fPJo•~~~l§M3£$ffi*~ITTM3£~&-1'~:im 
;/'.J ~ PT Ll 1m rtJ Jifr3£ $ $fl§ ITT frT i'flL 
coo25J 1§ !H-0:ff ITT ~nlli7f :r:\t§-¥X, $$r!3nJ Ll §;J=r§: 4({-4,:: .:t:&-1'00 ftfi~*m, i~ 
~&-1'00~M~~-~re•~~~M3£$.~f¥Jfrr:1f~~f¥J~&-1'00~,M3£~~§m 
~§tr'i~&-1'x:im:ITITT $~""x:im:IT~: ~x1JMt □: Ll:&~&-1'~:fJ.*lLPfi3£~&-1' 
~~*mmLl•re•~=~~M3£~ffl~U*~~M3£~&-1'M~~ITTOO~:~MM3£ 
~&-1'M~~ITToo~mkITT,~ffl$ffittmITT~&-1'ffi~N*m~m~$1'x~n~ 
~~m-1'½M3£$ffi~*~:¥rM3£~&-1'M~~~oo~.~JE~~MtE~JE:~½ 
Ji)T3£$$[!J3*~s"J~&-1'x:il!BT~~s"Jx:im:ITS"J~~: * _§_¥-=fJi)T,JiJflJEsq~~*'Jl®*;JE 
Q[n}@o 
[0026] 1§0:ff ITT~lMJJAl'§-jj(' $$~{ft'i!.ITT Pfi5£~&-1'1~~r.1m Ll §;J=r§¥r Pfi5£~ 
1.!>-1'00 {!ITT *ifr WiR5Jlj ITT ¼mtiic.o lli-ft; ',JijfjJEJiJr3£Y:::im;/'.JITT Ji)r3£~~m l:l, 'E'Ltr'i l:l, r 
w~~ITTffM-#:m~a*~x~n~~ITTM~x~:JTITT~tt:m~m~x~n~N• 
~~'j[,; ,lijfjJEJiJr3£x;iBHTITTtFlB; Ll:& ,lijfjJEJiJr3£x:@;/'.J ~N§tr'iwJk O JiJr3£*;5EQ[nj@pJ Ll §;j:r§ 

Ll r· W ~I~ ITT fffiiJ -;¥~: fPJ JiJT3£$$ffaBITT JiJrJ£~~lff\1¾fj¾'liE :@ffl$$r»3fffLliJJ: Ll:&f!Jili~Jf.1:£ 
~~~ O~*.M3£$1'xim:IT~~ITTm-1'1§M3£$~ITT*~PTLl~Mffi~M3£$1'x 
:iffi:JT~~ITTm-1'ffirj-=fMJ£¼ffiITTJEfPJo•~JE~l§M3£¼ffi*~ITTM3£~&-1'Y::im 
;/'.J ~ PT Ll 1m fPJ Jifr ~$$fl§ ITT frT i'flL 
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[0021J --½ jj-03f B':J ~ hlli1f AtB -.rx, :rJH1t T -;f~ JtlT~J~UJt&1N~B':11fr~ oJifrit:1fttPT 
l2J '§Jjs l2J r zv 11 = §i rn if:&-,t-oo 1tAm~~m, ~ JtZ-$1l1§ sl.J ru 1f 12{ ~ sl.J if: &-,t- oo 1i , JiJrit 
~~§m~film~&-,t-~W1TITT$,t-~W1J~;~MMJ£~&-,t-M~~ITTOO~~JE 
~.~ffl-$ffi~-~~&-~ffi~~*~5EM~$~~W1JMq:i~ffl-~~M~-$ffi~X 
~;~fMJ£~&-,t-m~~ITT00~,~5E•gma~5E~~MJ£-$ffi*~ITT~&-,t-~ 
W'J:J~ q:i ITT3c:W'J:J ITT~,½.:# ll¥f Jifr ~m JE ITT~-½.* 5 I ®*tJEu(nJ )IIL o 
coo 2sJ ~ 0 3f ITT~ Wl 1T At§ • ¥!¥: , -$ $l1§ 1ftl'i ITT Jifr itif: & • ·t-t~ ~ Z.·f PT l2J § trS ¥ + Jifrit if: 
&-,t-OO~ITT*~Wm~ITT-$m~filo*-zv,~5EMit~W1TITTMit~~~l2J§ml2Jr 
zv~q=iITTffW-#:~5Eft*~~W1T~~ITTMit~W1TITTJE~;~5EMit~W1T~N­
~~~; 11ftl5EJifr~:')(W'J:T~ftJll5; ~J,Jk 11ftl5EJifr~:')(W1J tf:Nfilt§w~ o?fr~ *;JEu(n]R.PI ~J, §1§ 
l2J r zv JJJ q:i ITT ff{iiJ -;f~: iPJ JiJrit-$ffiITT JiJrit~#1./n ti{i¾'lf 15; @ffl-$$l1§fffLl~JJ; l2J lk{ijfilBffJ:'2 
~9"1Kojj*,Mit$,t-3c:W1J~q:iITT--,t-~Mit-$ffiITT*~PTLlfimffi~MJ£$,t-3c: 
~1T~9"1ITT• -~ffl~fMJ£-$ffiITT5EIPJ0 .~5E~~Mit-$ffi*~ITTMit~& -~~~ 
1T ~ PI l2J TIIT iPJ Jifrili-$$l1§ ITT 1W i'flL 
[0029J ~03f ITT ~Wl1fAt~-¥!¥:, t1Hi¾ T-;f~ fflf-$ffiITT ~~BJ~iN~ *;1E o i~ *iJEPI l2J 
gm:~&-,t-OO~M~~-,~~&-,t-OO~M~~-•re•~~~Mit~ffiITTlW7J~ 
b.1]81.J ~&-,t-00{1 ,Jifrit~fux1'J,1tJl~~/J>-,t-3c:W'J:JITT3z::W'J:J~; Jiffltl D; ~j.&~&­
t-)1'.):r.!~noJiJrit~& ··t-)1'.):r.!~nPT 12J1tWcn~ d'?: EEJiJr;i£JyjMti D, ti45Z:JiJrit~& t­
Jifr~J;IX SI.] 00 {t; ¥f-$$WJ1ftIITT ~&-,t-t~~Z.-r, ~Jfl5EJiJrIB-$$l1§tf: Nan~ -$m_t; x1 JifrIB 
~&-,t-OO~~h00~)1'.):~,l2J~5Eft~tf:N~ftf*~Mit~W1T~MJ£00~~~~~ 
$81.]Pfrit~&-,t-OO{tq:i :¥f Pfrit~&-,t-OO{t,~Jfl5EPJrit~W;tJITT~~;# ll¥f Pfrit 
/x'::W 'J:J tf: N § trSwi ~ ITT JiJrit/x'::W 'J:J ITT~~ l1 RJiJrit-$ $l1§ tf: N {± ~ ~ -$m_t ITT ~Jfl JE , 5 I @ * 
;JEU[nj)IIL o 

coo30J ~ 03f ITT~ Wl:1f :r:~ t§-¥!¥:, -$$l1§ {lI ITT Jifrit.:t: &-,t-:}~ ~ Z.-rnJ l2J §115 ~f Jifrit.:t: 
&-,t-OO~~*~~m~~$m~hlo*-zv,$~~-~Mit~&-,t-ffi~Najl2J§m 
~¥fmit~&-,t-OO~ITT*~Wm~ITTmit~W1T~ffl*~ITTfi~0 -$m~mITTmit~ 
11>-,t-t~~Z.-rPI l11':Lt15WuGPS~It(ITT ¼$l1§5E {fto 'hjr, JilT5£*;]tu(n]J.l'LPI ~.J 1':Lt15 ~.Jr W"JJI q:i 
sl.J ff fiiJ -;f~: iPJ JiJr ~-$$l1§ITT JiJr ~~#1ff\ tfi!di¾lffiJ;rl; @ffl-$$l1§$LliJJ: {f jfilB1Lt:'2$Ll q:i K; l2J Rbt 
~ § iJJ n ~ tJL iJJ ow ll , ~m JE Jifrit~W 1r B':1 ~ ~ m 12J g :Hs 12J r w JJJ q:i B':1111nr -t~ = ~m JE Jifrit 
~W1T£N•00~;~5EMit~W1T~~ITTMit~W1TITT~l'i.;i2JR~5E~Mit~W1Tffl 
*~~~~o-$m~m~mit~&-,t-ffi~NPTl2Jfilm~+~~ □ ~~~om®5E~mit 

~W1TITT~~m12J£~£~~ITT•1T,#ll~*£ITT~,mit~&-,t-)l'.):~~m~m12J• 
rem~~5E-,t-AA~$,t-¼ffi£NfrftMffl&ITT:1fiPJ~iliMit+*~Uo~*~#¼ffifr 
aMffl&ITT:1f1PJ~iliM~+~~n.~M~~&-,t-)l'.):~~•~m12J•rem~¥f~m5E 
* 51 ~*tJEu(nJ)IIL, ~ 4-1, Jifrit* tJEu(nJ)IILPJ' 12J '§J1s l2J r WJJJ 4-1 ITT1f1nJ -t~ = 1PJ JiJrJ£-$$l1§ITT Jifrit 
~~lr! t~1i¾W~Q; @ffl$$\!13fffLli}J df jfilBff.1:'2fffU q:i K; 12JRbtiEQ § i}Jn ~,t) Li}J O 'h:7r 'Jifrit~& 
-,t-)l'.):~~m~m12J•rem~@5EmJ£-$mm)l'.tITTmitn~*m£N•~~awttm@ 
5EITTMit3c:W1TITT~~ffi~ITT:1fiPJ_tiru*o~5EMit¼ffiM)l'.):ITTMitn~¼m£N~~~ 
lWntITT j;]JJpJ l2J EtrS: ¥f Jifr ~-$ffiITTtm5E § ITTrili' m5E£1PJ lr:n~~£1PJ~n~' AA~][ 
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1f;ii!U1JiJrkt+*iZ. Do 
[0031J --'::J yj-0 TT s"J ~!Jlli7f:i:\:i'§-¥fl, -$$rJF:iJ Ll ,§1Jj§: *1*; iE:d>-,t-00 ftJm~~l'i, i~ 
¥d>-,t-OO§M~~m•rem~~ItZMkt-$ffiITT~:1fg~ITT¥d>-,t-OO§,Mktg~§ffi 
J=l1f ¥. d>-1' :::Z. :ii '.i:T i1'J :::Z. ii!HT ~ ; ltrffif tl D ; ~JR¥. d>-1' !lt :f_E!E~ m O Jifr~ ¥. d>- 1' !,tt:fl~ 
m PTLliEz@cm~ = f2rn JiJrktJyJAs:tt □, :tt4AzJiJrkt¥&-,t-JiJr~ItZITT 0011; ~r-$rjl),j1iz:mITT ¥ 
d> -'1' t~ ~ 1--r , 11Jf! 5EJi!rkt -$$jl),j £ ~ ft$f~-$ ii1Lt : x1 Ji1Tkt¥ d>-'1' 0011tAff0011:'.lt:fl , l:J 11m 
5Effi~£~~a+~~Mkt~:ii'.kTITTMktOO§ITT§~~WITTMktiE:d> ·'1'00§~;¥+M 
kt¥&-,t-00§,~5EMkt~:ii'.kTITT~~;#H¥rMkt~:il'.kT£~Effiffi~ITTMkt~:il 
J:T s"J ~ ~ Ll RJi!rkt -$$r,lJ te ~ ft n~ -$i!Lt ITT 11ifl 5E , g I ~JUJE o(oJ@ o 
coo32J -'=50:ff O"J~!Jlli:1f.rt:i'§-¥i, -$ffi1v:mi1'1 JiJr~¥.&-1't~~11PT ~; §;J:§4-t-JiJr~ ¥. 
&-,t-OO•ITT*~mfm~ITT-$~~filo-$ffi~mITTmkt¥&-,t-ffi~Nr:iJLlgm:i1tt~s 
~ItZ8"1 -$$jl),j5E 1ft o jj)'r, JiJrktJUnoroJ $PT l:J t!Ltt l:J r W#I ~ 8"11f1PJ -t~: 1bJ Jifrkt-$$jl),j8"J Jifrkt 
~~lrHRdj¾JMj;O; $J=li-$$jl),jr!fiJZ9J; {i:ifilffl!Lt:'2r!fiJ ~ 11:: LlRa:® § Z91n~fflZ91 o mf H, ,Jijij5EJifrkt 
~:®J:TITT~~pJ[;J§ffiLlrw~~ITTffW-#:~JEMIB~JIJ:T£~-~~;~kMIB~ 
:®J:T~~ITTM~~:ii'.kTITT~m:LlR~5E-'=5M~~:®J:Tffi*~ITT~5o-$ffi~mITTM~¥ 
d>-'l'ffi~Nr:iJLlgm~+*ffi □ ITT~~ 0 m~5EITTmkt~:iiJ:TITT~~PTLl~~~~~ITT 

~J:T,#H~*£8"1~,Mkt¥d>-,t-!lt~~~~PTLl~re~~~5E-,t-~~~,t--$ffi£ 
~~aMffl&ITT~~ffifilMkt+*MDo~*&~-$ffi~frMffl&ITT~~ffifilMkt+*ffi 
D, !lliJJi!rIB¥&-,f-!lt:fJIU~m~PTLliEzjlljcm~¥ri~11jij5E* 51 ®lUJEo(ri)@, ~~, JifrIBJUJE 
o[nj@PJ Ll filti£i Ll r w #I~ f¥11f1PJ -t~ = ~ foJrkt+rp;Jgf¥1 J1Jrkt~#1ln t¾fj¾;®j;O ;@ffl$$p;Jgr!fiJiJJ; 
fi:ifilffl!Lt:'2fffiJ ~ 11:; LlRa:® § Z9Jn~f}ll9] 0 'h>7r 'PJrkt¥&-,f-!ltfl~J!.~pJ LliEz@cl'i)'.J,p}fj 
~Mkt-$mM!ltITTMkt~~-$m£~-~tta:ilttM~~ITTMkt~:ii'.kTITT~~ffi~ITT7J 
rtJ __tfrJ:itL 
[0033J -'=5 yj-0:ff ITT ~!Jlli7f :r:\il'§-ii, t¾fj¾ T-1~ fflr~Ji:kT ~1~~ITT:1f1! o Ji!rkt:1f1! nJ 
Ll §;j:jfj[;J r·w#I: f:£83 ¥&-~OOf;lM~~-. ~J{Z$$p;Jgf¥Jfrr:1f g~f¥1¥d>-~OO{l,Ji!rkt 
g~§M~~¥&-,t-~:iiJ:TITT~:iiJ:T~;¥r-$~~-'!.ITT¥&-,t-m~N,~5Emkt-$ 
ffi£~frn~$m__t;rjmkt¥d>-,f-OO§~ffOO§!lt~,Ll~5Effi~£~~frT*~M 
~~~J:TITTM~OO~ITT~~~WITTM~~d>-,t-OO~~:~rM~~d>-,t-OO~,m5EM 
kt~JIJ:T~~~;Ll,&¥rMkt~:il'.kT£~§Mffi~~Mkt~JIJ:T~~~LlRMkt-$ffi£ 
~tH~ey-$ig__ts"J11]ij]E, 51 ®*tJEOfnl@o 
[0034] -'=5i~:ff ffl~!Jlli7f.rt:t§-Jj' -$$WJ1iz:mf¥1 P!rkt¥d>-'l'r~~i1PT Ll filti£i¥r P!rkt¥ 
&-,t-OO•ITT*~Wm~ITT-$~~filo*-w,-$~~-'!.ITTmkt¥&-,t-ffi~Nr:iJLl§ffi 
-'=5 ¥ T Jilrkt¥ 11>-,t- 00 ft ITT 73'-;j;Jr mf m iu ITT JiJrktY:::il 'J:T ~ t§ *~ITT ffi ~ 0 $ $jl),j 1iz:m ITT Jilrkt¥ 
d>-'l't~~Nr:iJLl §;j:j§~ttGPS~ltZITT-$$jl),j5E{iz:o yj)'j, ,Jifr ~lUJEOruJ@pJ[;J §;j:js[;J r &#I~ 
s"J ff fnJ - ;f~ : ~ Ji!r kt$ $jl),j ITT Ji!r kt~ J&t 5-1 tt fJt Ji j;O ; @ ffl $ $rJ3 *Ll i}J : ft :ifil RJL t:'2 *Ll 4-111: ; Ll Ra: 
® § i}J n ~ ;j:! L i}J O flTI H ' ,Jijij kJi!rkt~:® '.kT ITT~~ p J Ll § t!S Ll r· w #I~ ITT 1f {PJ -;f~ : ,Jijij JE?!rkt 
~:i1n£~•00~;~5Emkt~:i1n~~ITTmkt~:iiJ:TITT~l'i;LlR~5E-'=5mkt~:i1nffl 
*~BSW!5o 
[0035J -'=5 0 :ff ITT~ JJlli :1f .rt: i'§ - jy: , t¾ {j¾ T - 1~ ffl r-$ $jl),j ITT~~ 'l:T ti i~UUJE o 1~ lUJE PT Ll 
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§M:~&-~OO~ffi~%'tm.~~&-~OO~ffi~%'tm~rem~~~MJ!$ffi~rLI~IK 
~ s{J $ ,t-00 {t , Jifrj! IX mj EtrS JV~f if: &-,t-:Sc;im:JT ITT :Seim :IT~ ; ~1@:ti □ ; L2f ». if: &-,t-!xl 
~%'tm.~~&-~!xl~%'tm~rem~~EEMJ!~ffl~D*~~MJ!$~00ft.MJ!~& 
-1'!xl£I%'tmJ:Im L2f ii@cm~ = 4r11ftl5E l1'J ~Ji'. q:i 'Ll', )l~-'=5 JiJr~:iim:JT t§xif w l1'1 Jifr~ ~ 1' 
00 ft ITT [Kwjx1fr; tf *{ftrf&x1frITT [Kwj l7'J $B{J4lt~ft•; ,JiJfl5EBt2itl xif~X'JfrITT [Kwj l7'J 
tm8{]4lttiit§@t:21f fiinft•inft>Jft•f181.J-m ft>Jft•f1: * ll¥-=t JiJTJt-tii ft>Jft• 
f1*1iJfl5EJifrJ!:Scim:JT ~~'E1trSfrr~. 
[0036J -'=503f ITT~JMI~:r:tt§-JJc, ~xJfrB{J !K~ l7'J $B{J4lt,t-ft•s{J!t * DJ L2f 'E1trS~44lt~ 
ft•tt *nx3x3mfl$ITT{t~. jjmtih, ~xJfrITT IK~ l7'J $ITT4lt~ft~B{J=itM DJL;J 'E1trS~44lt~ 
{t•:tt M nx4x4mfl$ l1'J ft•. )1~1=5 Jifr~:iim'.!'.T t§xt A l1'J JifrJ!~ 1' 00 ft l1'J 1K ~xt * l1'J iv ~f PI 
L2f B12i = 1tJifiJt$~OOftITTJiJrJt!KwjnJJTm~ .jjJr, JiJrJt~&-~!xlr1%'tmJ±mL2J1El@cm 
~, ':§JiJTJt3z::im1Tft1tw~at ,¥-=tJiJTJt-tii f½Jft•f1*1iffi5Ei~frr~81.JimE.n!:--ti7, Jifr 
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ftiJ &x • 5c 120 PT '§Jt 1f 1PJ ~ § en oo 1tiJ&x* .m tri :a:1wt: o fr-® -=t ~7:f :rt q:i , oo ft iJ &x • 5G 
120P} 'ffit2i-1'-wt$1'-00{t1m~*JI (iJUftP, iJ,g;tJL) , iti'ftP 00 ft1m~*J1122, OO{i1m~*JI 
1245fP 00{i:tr1Hl~l'i126 o *inlOOP} :lfflJtJttlJ5:tf D 128, i~JitliHf D 128~1:r)(tfl~l'il 105fP 
~{l$t&x*n120:im1101:tlo fHzn ,JxttrHl o 128PT 'EIJ15 J=l:j-=f ~~ El3 ~1i$t&x*n120$t&xITT ~ 
fJ'4;yJE 2z 12sJ~U )(t fi ¥ 5c 11 o ITT {f 1PJ -1'- ~ $ 1'-~ ~.lUP I~ 3c ~ ti ji o 
[0097] @ffl)(t:f~~ 180:fP ~fi)(t:f~~ 190pij ~t)JPT 'El.1§~1~~~ ITT )(t:f~*JI o 17Hm ,@ffl 
)(tr!ff 180:fn OO{J)(tr!ff 190q:I ITT1f-~·~pij ~·pJ 'ffitJ1i~)(tf!ff, Jm)(tr!ff (u'iftP OO{JJm)(t 
fl ff) , [I] % )(t fl ff , q:i * )(t fl J$L 7G ( CPU) , x fij' ~ j4L J:l( 718 -'% )(t fl ff , ~nx, ~ ji , t¥ {i:/t ff~ 
~r~fi@J=l:j~ff~R~-)(tW~?t*ITTffW~~~~ITT*n.fr ·®':t~~Jtq:i,@J=l:j 
)(tfJM 180:f P/~ 00 {J)(tfi~ 190PT 'E1t15ff1PJ~:Wl ITT ¥tP<~$ tP< )(tfJM, 1$i)J*.'l.1~:t~tLl~, 
q:i :9":)(tfl¥ JG'~~ 0 PJ{!ffl ~t~)(tfl *JI' ,§,t~iJU~□ PJ IJ!~ § m~□ fntel(k) > AMD:tt ~~tum 
p,'ij B<J )(trl tt, :# 1l PT 'E1t15~T~ta:MJ ( iJUftP, x86)(t:flff, ARA-1@,~~) o 
[0098] {±-!~~~7:f :it q:i, @ffl )(tff ff 180:fP/ EJ-x 001f)(tfEJ1.ff 190PT 'E1t151f1PJPT IJ!~ § 

Mobileye@s{]EyeQ*JU )(tr!ff~ J=, o JK~)(tf!ff l&tit ~'8.t;& J:l~Jf(Jtht¥{icliff:fntEt4-~ITT $ 

)(t~¥5Go~~ITT)(t~ffPT~Mfflr~~*~$1'-00•ffl~ffITTOO-~fflITT~~-A,:# 
11 :if pJ 'E1115*JX1J,m$tu t±:1 :c}J~~ 0 fr-1'-~ 1:YU q:i ' EycQ2(I.t{! ffl fr 33 2Mh z r ~1t ITT 90 AA* frly* ;Ji 
# o EycQ2@J t;+r:M)g£Lnx.:tz□r: ~ 'l"i'f. ,12,, ~~f_li32{:fz:RI SC CPU (MIPS32@ 34K@t1:D , Ji 1'-l~'.W: 
it. 5[ ~ (VCE) , - '1"~.m frl!z:irij)(tfE!1.fflVMP@1) , Denali 641:fz:fJi}JDDR~tLlff, 128{:fz:p;i iffl~ 
iiri!JIJt, JJ..161:fz:*,m*,m• At~tu tt1ri 1 s11*,m*,m• te t~tLl tt, 16;®m:0MA~Ez~-=f5r~. 
MIPS34K CPCl'fff n 1'-VCE, -1'-VMPrn:fWDMA,:ffi=MIPS34K CPU;rW$:®mmvIM1EzJ:tB fr~o 
Ji 1'-VCE, -1'-VM:P@5fPMIPS34K CPUP} ~ tAff $:C}J~tml~U@fflfiff Jifrmi Jf ITT W ~ITT *,m:W; i I· 
.ofr~- ~'IJUq:i, 79:ffi-1~)(t:Elff:# Hb~ EyeQ2®5£A)\ 1i'f ITT EycQ3G!.YpJfr 03f ITT!k1Jfu7:f 
:rt q:i 1! ffl o 
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8<J E y eQ)(tfl ff~~ B t~ tLl ff~ f,~)(tfl ff q:i ITT 1f 1PJ -,f~ ITT )(t fl~l'int fi We.ii~ tA fi- 5E :c}J 
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ff ,:ffl:~IR7ifJff, jt"f:fffrS'fr ~, itw ff1itfr ~, m ~~i ff1itfr ~t,n/wtff 1PJ ~ B~~ s{J fffitfr 
~ otE~®~JJmh:it cp, fffitffJ¥i.7t14O, 15OPT JJ_@ffi)(tflff 18Ol0/AAOO fl)(tflff 19O7:1\.12'.i o 
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[0104] ffl?~ n 17OP}§;j:js~ TrtJ* g ]HJE1OOITT~~AA$~ ffl?ITT$tuAt~{#{§,@,AA~ 
fflrtilJ5lJ1Jr~$tuAITT {f{iiJ*ltotE~®~JJm7:f :r:\ 4-1, ffl ?ti D 17OnJ §trS ffl ?$tuA*11, § 
tifiWiJ~o~Ektl.1#, £EJA, tl:ffl:, t~tt*Jl ,JE~M3f;l~, i'§TJL,JifEt], Wtn, ~~o tEi3:T-'f:R{J$fuA *It 
B{J'tfi£ r, ffi?13~1iJ$:tm.uLl r-=f@:[o] *;JE1oottr1:{#{§,@,$tuAAAilr4: ~At~4AA{§ ,@,-.t}t{# 
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[0109J 'EltEtE$$r)j200L {i::jg00~~J:fx¥ 5L120ITT~$-5J'-ITT OO~ffl~*ii PTJ£1ft tE1f{PJ 
#~sq tfu,12 )lt O tr:~®~JJffi7JA 9'l, fto l?fl 2A¥i?fl 2E:fPl?fl :ti\¥ l?fl :1Cpfr5f,' l?fl {iM i3t*iil 22PT 
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In rm § 1t ¾ £ pJ £ ITT ' {t ¾ £ ]f pJ 172. ITT O 00 {t :rj ~~ ?fl 2 2 pJ JE 1ft ft J§ im ~ [)f1 ili: ITT 1f {PJ j:fu ,12 
!>tl:, {El~%~ {iM~*Et 122t.!£n ft ffi-=f ITT ft ~#11'1 ITT jj~ --(l)l~L PT n!: ·zvffl M~1~«5f, ~#1 
.In f},[:1:3; :fO/~f},[~ ITT 00 {i o 
co110J nx1001i~~•JG 1201¥1 OO{fs{M~~ii, :if PJ{fffl-!t'tttl!,12 o 17Llfto, 0011M~~ii 
124 pJ {ft T $$~200 ITT {j ~~ ifIZL ~z 9'l O ~ t-¥: ITT tfu,12 pJ ft ;tt ~"E" Jl 1f '.&ii'. f},[:1:3; sq 00 {i tffl ~* 
ii o 1ft f {jJY;v.if_LL ITT E~HtM~*iiITT i,m~ PT ~J 1' ~ r~ 11~ .In ITT f},[~ , ~ 1ft, {jJttif_L ~ 11 M~ 
*ii;f0~#1.ln PT~t3fl',e,~~tfl~;t§~ ITTX1~ 0 OO{tM~*ii (17Ll:90' 00 fiM~*ii122' 124 
;fo126) ill nJ iilr-!t'ttfu,Q 4-1 o17Hm, OO{ifi~*iinJ iilr $$r!j200ITT~1'~~1'1~~f~fflLL 
~z. 9'l, $$\!132001¥1 $J"!nL ,$$\!132001¥1/lti}Jr)L.~L, $$\!13200l¥Jfr$ffiL, $$\!13200l¥Jf~~TIIT, '!.i:. 
*ft$$~200ITT{f1PJiT D L, 5E{fttE$$~200ITT1f{PJiT D ITT Fornf~frrrnf, l::}__&;;c*ft$$~200 
sq if Em :fU/~~rnf ITT:3/tOO z 9'l ~[)f1ili:, ~~ o 
[0111J ~i 7 OOM~*ii, $$P'§200PT ·@J§ *~JElOOITT .;g_;f~-!t E${tj: o 17Ll:90, )(t:tlJ¥5Ll lOPT 
'e1t%ft$$r)j200L,-½ $$r!ji'(:Jflti}J,rJLf~*Ll¥ 5G (ECC) ~#~h½~#-fr~ o$$P'§200J-f pJjlljc ~ff 
~ftocPs:tt4Y:ffsqfftl'i1t!®:H:13o, * .§.:if PJ -@Hitt1100~1mw 16ol::}_.&Hfit:H:¥ ]Gl 4oto1so 0 

co 112J oo 2A~ !5 i~ 3f i¥J ~ JM1f At§~ Jj: 1¥15f, 17Ll·t1$$~JJ>t 1i * tJE 1¥1 ~1mtr1m~iJ[ oo :zz5f, o oo 2R 
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200, ¼~200ft:J:l *it 9'l11Hti *t}tJ00, *t}tlOOJ:l1f 5E{fttEJEHifflMili:;fU/~¼~200ITT ~ 

~.w [)f1ili:ITT * ~oo 11M~*.i'.122, 5E {ftft$$P'§2oosq 1i~~:tr!X ~ ( 'l5Ll:90, 1i~~til.R:!Fj210 9'l 
sq~1') LL~L4-1ITT*=001tfi~*ii124, L::J__&~:fl¥5G110o 
co 113J :90 oo 2c 9'l JiJ-rf7Ll5f, ss, 00111m~*ii 122to124i1; PJ J£ 1ftftmt:mffi[)f1m:to;~:w;m:$ 
$~2008{] ~#1./n o 5J:>7r, lil?.t 00 2B;f0 00 2C q:t 5f, t±:l 7 w;I 1'00 fitrf5~*_-'!.122;fO 124, {El~$ ':1§ fl 
~ , Jt --t ~ ntli 1f Am ~J {i1, m~ :ct m 1' oo 11 M ~ *ii o 171! fto , ft oo 2 o tu oo 2 E5f, t±:l ITT~ nm 1f A 
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2OOEt'J*tJE1oocr o 
[0114J ft□ 002Dcp OO~B"J, OO{itflH3t*l'f.122PT5E{ftftJaflffi!Sft:ia:5f-D/ElX$$p,Jg2OOB"J ~#1lr! 
~t:iii, :# H00{itf1Hr3t*Jll 24;f□ 126DJ 5E {ftft$$p,Jg2OOITT{j~itI~~ (f?,Ufto, {j~fI~~21O cp 
o"J~-i') z rElXZ cp O :# _§_ft□ 00 2EJifr~' 00 {t miJd~Jl122' 1244'□ 126PT5E{V:ft}BfJH~Jft:iJi 
;f□/~$$p,Jg2OO s"J ~ #1 lrl ~ 1% [)ft Jli o 03f ITT ~Mfitf :ct:#~~~ r ff fiiJ t; 5EJJ § ;f□ ~@B"J 00 {i M 
~~l'i, :# H00{i:Jm~~i'iPT5E1fift$$jllj2OOpg 5f□/ElX_t8"1{f{iiJ~':3 lfl:l:fil,8 cp o 
co115J @J_lt[iifITT~, 03fITT~Mfi1J:ct:#,+1)~+$$jllj:# Ji PT~@fflft;i:tB1f ,;_cp okf@J_tt[ 
ifl¥B"J~, 03fITT':ttfili:1f:ct:#~~~r~5E~~ITT$$jllj2OO:# H DJ@ffl-=f Jifrff~~ITT$$jllj, §115 
lC-$, T$, tffi$;f□ JtB~~ITT$$jllj o 

[0116J ~~OOftmiJ*J1122PT§1§fffiiJ ir~~~o"J OO{lmiJ*Jlo OO{lmiJ*J1122m 
g}2i:ft$@oft~T~i7Ll cp, OO{iM~*Jl122PT g}2iJ:lff ~[RJtR: r'l ITTAptina M9YO24WYGA{t 
~ff oft;i:tB~Mfih:ct cp, OO{i:trn~~l'il22PTtt!':{~ 128Ox96Ofi~lfl 1:,\.-m$# _§_ PT ~Jt~ffi 
t1Hl o ~fitm~*E'.122PT 'el.tJS~;f~ )'G'+5c1tf: oft -®~tfili:1J:ct cp, iJUftn, PT 'el.tJS t-ElX$t 
31HIL jg 00 ft tm ~*JI ti{~ 1JH~. ITT~ lfe ;f Pt~ :1:3; o ft~® ':t JJ'fil 1f :ct cp , 00 ft tm ~*JI 12 2 PT 1§ 

6mm:i~HtElX 12mm31H~J~~ o :tr~®~ Mfitf ;ct cp , ft□~ 2D cp ~~ITT , ~ ft tm i3t*Jl 122PT~@ ~ 
~~J:lffj:tJ:]~t¼1J3; (FOV) 2O2ITT 00fio17Ufto, OOfiM~*Jll22PTr1:J@6>tJ:lffffi':WlITTFOY, u'!'ftO 
ft4O/1t¥Ll56nt8"Jmil pg ,TLtt46DtFOV ,5ODtFOV ,52DtFOV~~_to ~{~:1:fil, 00{i:trn~~?i'.l22PT 
r1:J@~~ff23B!':¥Ll4OB!'mil pg ITT ~FOY, mftn28B!'FOYElX36B!'FOY o ½jr, ~{itm~*E'.122PT 
~@6>tJ:l1r1OO!1'..¥U 1so!1'.mll pg ITT ~FoY O ft~®':ttfili:1f:tt er, oo fttm~*J1122m §1i~ 
18&R"J{i~itI;t~H:JL~i't JlffJ[.¥Lll 8O&rOYo 
co111J %~OOfifffl~*J'i122PTt§xtr -'=J$$W,J2oo~~ITT:l:3J,,;~~$T%~OOfio $T% 
~ 00 ft cp ITT &-i':l:~PTt<Ez~~' {t Jg pJ {t ffl ~ m-~ n :rm~ B"J ~ * 7Ll 00 ft t=JWi~ 0 &Tt=l Wi~ 
:!:~PT 'E1tJS$T1i~ o 
[011sJ ~~OOfi1i~*J1122nJ Jlff -'=J~~~~ *7Ll00 fit=lts'i~Y-1 s"J&T*~ITT t3ts'ii! 
$ot=Jfs3:®:$ PJt~i3:r$ITT:®:$, epftJiJr5£:®:$ r', OOfl{t!®ff PJ~~~-'=J'el.t~ft~JEt=JWi~ 
er s"J&T1i~~~ITT 001i~Jffi 0 

[0119] {f1Jfto, OO{ltm~*Jll 22, 1245fW 126PT 1'L 13fffiiJ if~~~ ;fW~11: § ITT 0011 {$~ff, 1'L 
t15CCD{$@ffElXCMOS{$®ffoft~T~Mfi1f:r\'.:cp ,CMOS00{J{$~ffpJ3£[P]%ffi'~r'l~,!Q* 
ffl ,111f~1f cr Et'J&T1i~~,j(it~~-i', # H i~1f Et'Jt3fs1ift~1f1t~1rEt'J~1iili_tJt!:1f, J[ 
.¥U-~,t-OO{l$JJ! B1Bz:tm~ oft~®~Mfitf:ct: cp 'i~h PJ;t§xt-f-$,rJr;)._tjU r'·f:&1J(jffi~ 0 

[0 120] 131:'. Rl~ m-~ n pJ -B' ¥~~IP] 1T cp ITT {i ~ft~ IP] ITT Bt j's] 1&:al :ft:#1&: jffl~ ' is: pJ J& 131:'. 1Bz'. 
tffl~B"J 00 fi$JJ!ITT~i4;fP~B001it'9J?I o yj~tfffi, ':1§ 00fttffl~*l'i1221Bz:~@~ffi~m\ElX[P] 
ti7·~r'l ~ftBt, JiJr1fft~f~PTS,i:ft;J#~;t§[P] ITTBt!'sJ£3f Fl.ft~[P} B"JS,i:ftffl]Jtj] cp ofe*~, M 
*ffl~JaJ-~n ITT **JEcp ~'.JZ:~ITT$JJ!ITT OO{ZZ~1E"$l:.~!E-i'FOV (i~ftOFOY2O2) ftt~5EBtf§J ITT·~ 
~~ 0 xt b~ Lr ' ft :¥i: m H~ n @ffl Y-1 ' $m Y-1 ITT & 1T ;I:~ 1&'. Si ft ' * H :t& ifiii ft~ r;;J ITT Bt j's] 1&'. :ff§~ 0 EE 
Jlt , ~ iJJ ITT xt * p J ~~ ft Jl ff~ m ·~ n ITT oo 1ft tm ~*JI~ ~ £Yl rata' '3L i~ £J!l * )j:;f ft r' TIIT J! i.:'H@ 
:!:ti! fEa J2t 0 

[0121J ~=001ltm~*Jl1245fW*- OOfltm~*Jl126PTl1~{f{iiJ~~ITTOO{tM'~*Jlo 
fto[P] *~001ttm~*,'i.122, 001ttm~*1r.124;fo126 er ITT&Tt~PT '€1:tr1ifttra o ft~,t-~Mfitf 

18 

IPR2025-00943 
Tesla EX1002 Page 942



CN 106462727 A 16/64 1n: 

A cp, 001itii$t*Ji.1245fP126cp 8''1m1'f{sJrjJ §fr5Jl1f itriDtiHl Ei''1Aptina M9V024 WVGMH~ 
~o~{Utl!, 001ltii$t*li1245fP126cps"Jm'i"r5JPT'E1tJS~ffi·l:R:i'l o!lPli=iJ 00fltii$t*li122, 00 
fltii$t*1t124tri126DJ~mJVG'e11rS:;g_1~~mtri1t-'¥=5G1tf: 0 fr-®~tffii:1fA cr, CJ 0011M$t 
*Ji.124:fPl 261':I+XO"Jj]ftiPTt)lH:tt~r AA~r 1=5 00 {t 1fH iJ*Ji.1221':l+XOSFOV (mftPFOV 202) 
SSFOV (i{'i·ftpFOV 2045fP206) o17UftP, 001l;Jm'$t*Ji.1245fP126PT J:l,1f 40t\L30&,26&,23&,20 
11tmz ~ r i'tsFov o 

[0 122] 001ltii$t*_'gJ 245fP126PTt§x1+ 1=j .$$p,§200!¥1 *ltRITT tm::il$t.tt'x.$tffi= 00115f-Pffi 
- 00flo$1'5f;=00115¥Pm-0011$ 1¥1m1'f5JDJ$tlfXT'JDJ 1!ffl#ffi·i:R:i'l tii$tssm=*J05fP 
ffi- *J0!¥100 fltln'af~ om'i"13ta'i~AAfff5JDJ Jl1f $'1'11~ o 001ltii$t*Ji.1245fP126DJ Jl 
~1=J~lfX§Mfrffi=*~ffiffi~*~cpi1'J~1'00•~ta'i~1':~0"Jffi=~ta'l~*ffiffi~~ 
ta'!~ f 0 

[O 123] m'i'-0011:trn~~l'il 22, 1245fP 126½JPTt§x1r .$$jl,§200JE 1fifrff1PJ i:i'J.f!ifl 1fIJ'i5l'PI+X 
ri'iJ o PT tttf ~11tii~*E'.122, 1245fP1261¥Jt§x15E1fILl ~M~%JJ.~ fltii~*E'.~!:!Xss f1§,~,~~ 
ifJU-@o170ftP, fr-®~1@:)fj:\ cp, 1=J 001111fl~*Ji.124*lt\1¥JF0V (@ftrJF0V 204) pJ 1=J* 
ltl(~fltiii3t*Ji.122ITTFOV (@ftrJFOV 202) :fP*Jtk~fltiii3t*Ji.126ITTFOV (@ftrJFOV 206) :i'ffi 
71'-Jiliwt jG it JfuJfu ~ ~ 0 

[0124] 001!Hrn~~ ?t'.122, 1245fQ 126PT 1ftr .$$jJJ;j200..t{ffPJ i:i'J.f!ifl t§:Xi°r§'J Dt~Lfr-1'~ 
Wu cp, fr ~-tii~*E'.122, 1245fr:I 126z..i'sJ pJ~gZf frr§'J oc~, ~PT:t~1:ttJi %$1¥1 f5n~{1!f ,~,*~ 

f.filidzfs: 71'--tfr o 170 ftr:i , ftr:i 00 2AJifr ?F , M 1' 00 {1 tii ~ *Jt 12 2 5¥012 4 )('.): r ~ fnl s"J r§'J & 9L 170 ftr:i , fr 00 
fttii~*Jt 122, 1245fr:l 126z..fsJ :i± prngZffr1~U ri'iJ 11~~, T'J)('.):f!.¥ JG 110ITTiL ft71'-.ffrtiH±:lW! 
5rfJn~{§ ,@, o f~LJ ri'iJ {f[~~pJ ic.{fdx, ftrJ 00 2CfPOO 2DPJr?F o fr-®~1@:)fj:\ cp, frJ J5{f[~ ( 17LJ 
ftr:i, m!E1fI~) PTi'mWi'±r~1tm~*1t122, 1245¥ri126z..i'sJ o 111Jftr:1, ~1tm~*1t122PT 11-=t 
00 fltii~*Ji.1245fr:I/AA001ltii$t*Ji.126J5 aosso. 5*IU2*Ll..t 0~1~~~ 1¥11fttJPT 1!00 
•M~*mz-~~~~~BOO.M$t*ii.1¥1ffifr~~o 
[0125] OO{ltii~*Ji.122 PJ Jl1f {f1PJ if~RS 71'-~$$J}J~g (17Llftr:i' 1=J 00111t!®:ff.*~ITT11~ 
;t §) '* ll1=JOO{l:tm$t*1'!122*~1¥100 fl{tJ®ttl¥J71'-~$$r=iTAT' !J\rAA~r 1=j 00{1:tm 
~*Ji.1245fW 126*ltkl¥100111$!®:ff.1¥171'-tR$ o tE-!~~lmi7fA cp, 1=J OO{ttii~*Ji.1225fW/ 
AAOO f]'{tii~*Ji.1245fQ126*Jtkl¥J 001%z 1t!®:ff. PT Jl1f640x 480, 1024x 768, 1280x 9601¥171' 

ti$$~ Jl 1f ff 1nJ ~ B t1J.f! 8''171'-~$ $ o 

[0126] ~Ji!~$ ( 17Llftr:i' fr1$i}J¥Utii~l::J r· -1'0011~1'!*~8"111~~WzfrT OO{lffi~*l'i 
~lfX-1'00{1$1'!R"J-tll {l~~tfrsR"J~$) PTLl~ PT:t~ITT o1=J001ltii~*m 122*~R"J$1'!~$ 
PT*r, 1}rAA~r 1=J oo fl:tm~*l'!1241P 126*~1¥1$1'!~$01=J 0011:tm~*l'!122, 1241P 
126*ltk1¥1 $li!i!$PT~mr PTi'm~ufnl$li!i!$1¥1itst 1¥1 ~1~ IEI ~ o 111Jftr:1, 001ttii~*1t122, 
1245fP126cp 1¥1-1'AA$1' PT 'E1tJSfr~l:tZ-'=5 OOiZzffi~*Ji.122, 1245fP/QJZ126cp 1¥J 00{%{{{/®:ff. 
1¥1-1'~$1'•~*1tk1¥100•~EZfrr~ZFo~~l¥JPT~•~M~~Mo-M,~$rm 
t-ft~ss 0011~:tm PHtum*1t1¥Jsti~ii$~.1:tZ C17uftr:i, mt-sti~ JWJ1A-t-1t~) 0 yj!fr, fr'E1 
tE~ffi·l:R:i'l 1¥1~1ffii:1fA cp, 001l:tm$t*1'!122, 124;fr:1126cp l¥J-1'AA$1' PT 'E1tEfr~!:IX1=J 00 
fttii~*Ji.122, 1245fW/AA 126$ 1¥100111t~:ff.1¥1-ff1t~*!tkl¥100 ftz«11:fflzfrTAAz!B3J.a1JQ 
ssPTJttJJ<. -'¥11'.i~ifflJJA oJtt-W, OO{lffi~*Ji.122, 1245fP/AA126cp 1¥1-1'AA$'4'-PT 'E1tEfr~ 
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IN-½ 00 fiJi'1ft*_l'.122, 1245fP 12613"'-100 {%'{1~rn *~ Et'J 00 ii litfiif z lW!lXZJ§ 5sUJ□ Et'J -aJ :izh:fil 11: 11'3 
I~~ mJJM o 

[0121J i3: ®itstti:!tLlDJ ~ ~ 001ltm'1ft*1l.122, 1245fP126*~1¥J~_w3i$f8JW, ~~':1§'tltT 
oo ft M iJ* -'i. t'r,J ~~ tr!ti'i :it*~ f8J ~t ;ff :ti□ 1l=L JJ 5tr , :ti□ ~~fr r oo l!: w tlli j:fu i'J-V~ t'r,J , fr :1t E ~ ~ 
(171):tio, 00fl1t~ff?H0tf ,~A~tHli'iitf '~~) zq=i, ;!®pJ i21itRtt:'2tLl-aJ 1!00flM'1ft 
~_-'i"I.12281.JFov 1=.J 0011tm'1ft~_·i"I.124tri 12681.J-TAA$TFov £~ITT rxhJl81.J 0011tm'1ftf8J -ti7, ~ 
ifi ':1§ 00 fltm'1ft*_EJ 221¥1 f,!i:1:m /f~ lwJ + 00 fltm'1ft*_EJ 245fP126 i¥JFOV□t ;;Jf :iinJlt o 
co 12sJ OOfltm'1ft*-'i.122, 1245¥P1261¥J~_w3i$ it st DJ IN J*r*~i¥100111t~~i¥1 ?J\.tif$ o 
WiJ:tio, 1~~p;J;jT*l'i1f ~1~1¥JilH3tli'i3i$, :iio*-T*-'i.§tr1i?J\.m$jg640x 4801¥100111t 
t~@Jf _ft5J-*_i'.§1§?H0t*7'J1280x 960 □q 00 {t 1tt~:ff, ,Vllj~~rm~l!: ~~traJ *iJIN* ~ 
A1fl!:~*Mfi¥1~~ffi¥JOO§~ffli¥1~o 
[0 129] pJ ~U[nj 001ltm'1ft~l'i 122, 1245fP 12681.J 001li~tli5'1ftl+:Zlflitst lfl jj- I!] ~~:ii At~ 
t3Wi3!$ o iJiJ:tin, '1ft!N 'EL tis fr ~1ltm'1ft*n122, 1245fO 126q:i1¥1~111t~-6gci¥J ff~ flJJztM 
~~~-@~~M~~o®~m1f~~il~M~mJM,~'1ft~-fi001l~ffli¥J~~~M~ 
~~1=.Jffi~*-'i.1¥J~J;:~bffl3l*ffl* 0mm~~~*~bffl3!*1¥1*-'i.ffiff~mm~A 
1f 1!:'111 \:ii*~ t3 ;Jti'i 31 $1¥1 *l'i£ A 1¥1 ~vU! $ 0 fr - LI:[;.~ nm 7f A q:t ' 00 11 M '1ft *l'i 12 4 ln 1 2 6 
cp 81.J-TAA$Tlfl :ilJ;:~t3t~3!$-aJJ;:f 1=J 001ltm'1ft~ ?r.122*~81.J:ilJ;:~t3t~3!$ o fr 

-@~nm1TA q:i, ~1ltm'1ft*Rl 245fO/AA1261¥J:ilJ;:~t3Wi3!$-aJ Ll~~1ltm'1ft*Rl 221¥1 
~A~13fo'i3!$1¥J 1. 251'l"f, 1. 51'l"r, 1. 751'l"f AA21'l"f Ll_to 
co130J fr:'h-~nm:1fA q:i, 001t:tm'1ft*-'i. 122, 124to126 PJ A1ft§f8J 1'8:il*t~t=imw*, 
{§.00 fitm'1ft*Hl 22-a} fr!J\r AA~r ~:il:At3tli'i3!$sq t3tli'i3!$ r~f'F O FfiJ!JUJE-aJ;j;tj@ 
nx;{r1'.1iOO flM"'1ft*l'il245fP126 q:i 1¥J-'4'" E1-x$'4'"{±~r 001lM"'1ft*l'il 22sq~t:::Jtli'i3!$1¥J ~ 

t3tli'il1$ rtt1t o fr:!t B~iJU q:i, JiJrJ!~fJE-aJ;j;zgJ1;:nx;ff1iOO 1ltm'1ft~-'i.1245f0/AAOO 1itm'1ft 
*1'i1261¥Jt.lH3:rti'i3!$nJ Ll~001i1i'1ft*-'i.1221¥Jt.!H3tti'i3!$1¥J 1. 251'l"r, 1. sf'l"f, 1. 75f'l"f AA2 
ff';-Ll_to 
[0131] fr-®~nm7fA q:t' 00fitm'1ft*H122, 124lP126-aJLl~1rxtfnzi¥10 ~n 'EffJ-aJ§tis 
A 1:i ~ f8J fJ\1, :1:m (F ov) tw ~ 1re: 1¥1 t§ tJL o 1f1J :ti□ , oo ft M" '1ft * -'i. 12 2 , 12 4 tfn 26 sq fJ\1, :1:m -ar 11JJis t§ x1 r 
$$pij2001¥JJ.r,±~i¥11f1iiJ1j~!X:!Fj ofr-~~nm:1f A q:i, 00 fitm'1ft*-'i.122, 124to126 q:i 1¥1-T 
JJx; $'1'" -aJ;j;tj@hx'1ftIN* § $$pij200frr:1f, $$pij200!i5:1f ,$$pij2oof~Ll:1fJJx;B ir'Ji't'J §'flii'Et'J W±ii't'J 
OOfl~tfri:o 
[o 132J Jt!:-W, 1=.i'tltTOO 1itm'1ft*l'i 1 22, 12410/AA 126*~1'8 ~ftfi-aJ Ll ~ -aJ i211'8 ( iJLl:f,m, 
;iJ!Ui § tis~ ':1§ 1¥1 mm~~) , 1~ :fi4lt'4'" *n J::g '1ft Itz fr t§ xt r $$p,g 200 sq ,,;u~.fte ~ m ~ ~ 1¥1 xt 
~sq 00 (lo 171):tio, fr-J~~JJ!h7JA q:t , 00 {lM"'1ft*l'il22, 1245fW l 26-aJ'1ftl+>llre¼$iffiJL* pg 1¥1# 
~ x1*ITT 00 {lo 001itm'1ft*l'il 22, 1245f0126:lI-aJ;j;zgmnx;'1ft!R~m;~ $$pijl¥J ffi ~ ( 17Ll:tio, 25m, 
50m, lOOm, 150mLl _t) 1¥1 xt*lfl 0011 o Jt!:--,!v, 001i-si'1ft*l'i l 22, 1245fP 1261¥1 ~ftl2-aJ i21:tl 7'J 
f!:fl-i'-00115ztm'1ft*l'i ( WLl:tio, 00 {ltm'1ft*l'il 22) PJ Ll '1ft!Rt§xttf:iii$$rJ3 ( 17Ll:tio, 1 Om pg AA 
20m pg) 1¥1 xt*lfl 00{i,TTiI~t;001itm'1ft*R ( iJiJ:tio, 00 fitm'1ft*nl 2410126) -aJ Ll '1ftl+Zftfi$ 
$jffj200]!m;i¥J)(j* ({fl):iiD, AT20m,50m, 100m, 150m, ~~) !¥JOO {lo 
[0133] itHJiif-®~nmlfA, -TAA$T001itm'1ft*J'[122, 1245f0126ITTFOVP} A1f'llmffiL 
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WLlftu, :1t~xtr m fflrtii~$~2oor1t:llii'r':1 ix~s1:1OOiii'r':1001itii~*1t122, 124tP 126, PT ff 
lUB{J tikJlff 140)l'.B{JFOV O {Jtl:fm' 001ttii~*J'f.122PT )=llrtii~$$pij200JtJ7JAA tc7f B{J IX~B{J 
00 ft,:# llfti3:1-'l':B{J ~JJm7f:rX: q:t, 001ttii~*-'i.122DJ1Jt~.B{J :}_eJlff ~FOV ( fJLl:tm, ~d;-140 
/*) ,';x., 0 

co 134J 55 oo 11m~*1t122, 124tri 126 q:i B{J-EtT*~B{]*Jll.j:3J mitt ~r :tgm B{J ~file O fJLlftri, 
~H~~ ife ITT t~ 1Ju, xt m ITT flJi'Jm ~ 1~ o 
co 135J oo 1tm~*n122, 124tri 126PT11JmJ=&Aff 1:f:fiiJr}~ITTf~#i Oft ·,t~ 5E7ifJLl q:i, 
00 fttii~*-'i.122DJ Jiff 46Jl'.ITT7]( -'-f FOY, 001ttii~*-'i.124 DJ Jlff23Jl'.ITT7]( fFOV, :# llOO 
fttii~*-'l.126DJ Jiff 1rr23!l'..¥Ll46!l'.z.JflJITT7}(-'fFOVoft;jj~~f7Llq:i, 001ttii~*-'l.122DJ 
J=l1f 52/3tCB 7}( -'¥FOY, 001ttrH iJ*-'1.124 PT J=l1f 26J3tO{J 7}(-'f FOV, :# llOO fltrH iJ*-'1.126PT J=l 
ff26!l'.iLl52)l'.zJ§J ITTJJ( fFOVo ft~®~Jm17JA q:t, 00 fim~*-'i.122ITTFOV 55 00 fim~*lt 
1245fP/AAOO ft:tm~~l'i126ITTFOVITT b~$PT J)d. 5~1tiLl2. o o ft~B~JJmh:rX: q:i, i~ b~$PT 
tEl. 25¥Ll2. 25zJsJ~f,to 
[O 136] * ;JE 1 OOpJ;t1JjgJ=&f!1i001ttii~*jl 122ITT fJ[j:3]55 00 fttii~*jl l 245fP/AA 00 fttii 
i3t * It 12 6 ITT fJ\1. j:3J ~ & $ :n\"iili AA JG :iJtlHi-i: o ti:~@~ mh 7f :rX: q:i , * ;5E 1 o o PT 11J ~ J& 1! 1~ l?f1 
ftm~*-'l.1245fn126ITT*Jll.j:3J{JLlftPmA ( fJLlftP, ~T) 00 ftm~*-'l.122ITT*Jll.j:3J pg:# ll55 00 ft 
tm'~~ ~.122ITTfl,\IJ3JJt:$Jt~ ITT q:i 'Li' oft~B~mh h:rX: q:i, 00 f!Um~~ ~.122, 1245fP126PTtm 
~;t§{,;~FOV, AA~ PT f!t; 1i'JITTFOV$?t:l:fu£-fi oft '®~Jm17JA q:t, ~ ftffi~*n122, 1245fP 
126ITTfJ\1.J3J mxtm, f!1i!fx ~FOV00fttii~*-'l.1245fP/AA126ITT q:t 'li' pJ fftr!ff ~FOV*-'1.122 
R{J t~ j:3J f¥J r ~ $ q:i o 

[O 137] 00 2F tik 55 0:rf ITT ~JJlli7f A:t§~Jjl: ITT~fJLl·ti$$j),g1~*Ll*iJEITT 1tstBitr:zz~ 0 ftp 00 2F q:t f§! 
~B{J, $$rJ§200PT'E1trS-'rHrrt*iJE220, t1Ji}J *t5E2305fP~rPJ *t5E240o *t5ElOOPT§9,~TE!¼$T 
JyJ\Hi1J% ( fJLl ftp , ffl T bt:iEJX 1As ITT 1f fiiJff ~ lP / AATG ~ s{J ~ T AA$ T i'Jifil%) rtJ 1I ilrt * tJE 2 2 o, 
*Ll i}J * iJE2305fP~ rPJ *;JE210 4-1 ITT ~'4'-AA $ 'i"ti11¾tftu A ( WLl Jlp, ~*Ll1g ~) o fJLlJLP, ~r xt EE 00 
ftm~*I 122, 124tP1AA126~IRf¥l oo ftf¥1 :n'--tJ-r, *tJE 1 oo PJ ri'iJ 1111rt*tJE220, mLliJJ*tJE230 
;fPnrPJ *;JE240q:t ITT~TAA$Tt¾11¾1~mU1i~, l::J, ( fJLlftP ,jffiJijjl:~;JJoJ! ,n~ ,$m;f$;1ft, "If, 
"If,) -B'fl1i:¼$r!§200 o:ltt~tf;;, *tklOOPT;Jif41(* § 1111rE*tJr,220, fffLli}J *tk2305fUnrPJ *;Jr,240 q:i 
s{J~TAA$TITTtftuA, 1§/~$$pij200ITTff1f1k1tJ: (fJLlftP, J!Jl'., $$]JJJ200tik~ $Lli}J5fP/AAn~, 
"IJ,"IJ,) o rffi, Jt!:~ti7§BJ11t6ttOO 4~00 7 *1l1Jt o 

co13sJ ft□ oo 3AfoJ-r~, $$rJ3200:1± PJ 'filtrS m r--'=J $$rJ32oos{J ~#1ff! AA*~:St::JI.S{J m r:ti □ 
170 0 fJLlftP 'ft$$j),g$ m q:t 'm ?ti D 170PT 'E1t~~gttJtM320JjfEf.R330 jJi'.t.R340;fP3[}l)x\.350 0 

$$j),g200ITT~~ff!AA*~~pJ 11m~~ (fJLlftP '1ftf $$j),g200ITTnri'iJttz._tAArf{:lli' fJLlftP'ELtrS 
nri'iJ 1i~-'fffi) , :wiR (1XJ1JftP ,fftr ¼fm200ITT:1Jri'iJ :,&_t) "If,, ~155 *tk1005t1f. o a~J~~irtli7'f 
:rX: q:i, 3[}'[Jx\.350PT5E 1ftJ=&--1=5 f§fJ\1.ffl3lO;t§4;~ o~1rJ:l:ili, a~®~Jm17f:rX: q:i, 001lffi~*.i'.122 
PT 1.11.r !6f9t'iffl310rif :llioft~®~Jm17f :r:\ 4-1, ffl P1i □ 11o~m 'filtrS~T~$T-lmfri %§:360 
( fJLl ftp ' $ $rJ3 if ~,ITT* ;JE ITT tm F ~) 0 fJLl ftp ' * ;JE 10 0 p J §}. EE tm F ~ 3 6 0 :ti 11¾ ~ 1~ )ffi ~□ ( fJLl ftp ' ti 

~) 0 

[O 139] 00 38~ 00 3Dtik55 0:rf B{J ~:frtli:1J;rX:;t§~i'l(ITT~{Ji)'ti;t§*JL:?z*1tj:3 70ITT 00 ~, :t§1JL:?z 
*1tJ:37011/tMlmf&5E1ft ft/§fJ\1.ffi ( fJLlftP '/§fJ[ffi310) fa Em* lltf£:tr-$.m1'3Jxl.32z~ 0 ftp 00 3BJifr 
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~ ';tB;j;JVid~1t:J:370PT §-Hs001iM"~~lr.122, 124:fP126 0 00 {iM"~~:'l.124:fP126PTJE1:v>tEjJffi 
:fttlz380}a mi' jJg:ft;j;jz380P} J::J$$jjj;j13Jxl:flz~-J'Pf:JF Ji EtistiHJ:fP/~m&JJt;tt;fl!-B{Jg1iif~ 0 

WLlftP 'jJg:ft;J,jz380DJ ;E 1iz:n\G1!1i Jtm:tr ~~Wc~;j;t &ITT $$rH"3JxL:FJ.z~n'ox~)l O t[~®~JJ1h7J 
A 9'l, i71J:tio, :ti□ 00 3D9'l Wi~CB, 00 {trtfl3 iJ~:'1.122, l 24:fP 126 9'l CBm1':l:)JP};E 1"\'rtE~:fttlz380 

Ja Emo 03f ITT~JJ1h7f A:JF::T-~~r1f1PJt;;-:JE~@ITT 00 {iM~~:'1.122, 124:f□ 126, ;i1Wl~~{t:J: 
370:fPjJffifttlz380 o 00 3C~00 3B9'l ~ t±:l ITT ;t§;j;Jl 'iz~1t:J:370JAlErnf:tlJljij 8s 00~ o 
[ 0 140] :tin~~+* 0 7T ITT *~ff-!~ tt~ A fi'! ~~ T fij~ ITT ' XiJ + mr mi BS 0 7T BS ~ JJih :1J A pJ f~~ t±:l 
t''f $ ~~ :fP/E1X{,tr'!x: o 'Wt~o, *~~ JiJT~ 'l'f!Ht:J: Mr JUJE 100ITT~1it~~~~_ffi:Jf ITT o Jt!:~w, 1f 
{iiJ${t:J:ti~DJ 1:iz:r JUJElOOITT 1f{iiJ3£3 ITT$?t9'l, * _§_Ji)T~$1t:J:DJ_ffi:ffi:$Jln\G:;g_1~~@, fBJ st 
tJlHj¾ 0 3f os ~ JJ1h 1f A CB J)J ~g •tt o ~ lit , ffrJ ffi CB~@~~ ,w1J * 1l 1:5 r. ffi i-t it CB~ @XA , * ;JE 
1ooml;:J.t~1j¾mru~ ITTJ;JJ~ttt. m l;:J.73'-1Jr$$i,1§200ITT JWJm~m* _§_oruJ@ r Jiff~73'-;J;Jr*-@Bf[$ 
$l\§200 0 

co141J :tinrrnf Jt!: wi+tffi:1:tl?J1itll!5 ~-r~03f ITT~JJ1h:1JAt§ ·¥31:, *tJE1oom:t~1j¾!5 § 
-1: l½IR i}J :f P / ~ ~ #1 fi'! m AA tt* A-§~ ITT ~ 1~ ~ fil o 'WLl :tio , * ;JE 1 oo PT 73'-1fr 00 fjJ;yJE , 1:iz:11 ~ tE 
( 1:7Ll:tio, GPSj:fu,8 {-;; .'~D ,j:fu~IJtiis, i!J.i~tlis:fP/~* § §1istl:$$l\§200 9'l ITT 11¥l~~ITTl3z:tlis o * 
tJE 1 oo PT4Jc~* § iJLl fto 00 {i~1tZ ff!. JG 120, fiz:1111¥ !® :ff 13 o 2z,; B 11¥ ®:ff ITT 13!J@ i;:J, {j¾73'-;J;fr o Jt!: 
~w, *tJ'E 100m 73'-1Jr Jifty1[~i'fl 11c1i ~j 11J!IJE$$i,1§200~ ~ m ,,~*i+x::lit®iJJfp, rt FotExA.7'1 
=fr.!nITT'tlm r § Z9J*tlJJiJf!JEITTZ911f oi7u:tin, 3$$l\§200tE3GA79=fr.!nITT'tlm r ~Bf[D1, *tJE 
l00P} (iJLl~o, JiU±rPJ1'1~frE*;JE220, *Lli)J*iJE230:fP~rPJ *;JE2409'l ITT~1'~$1'.'.l:zJ!M~*Ha 

~) § iJrt~*Ll$$r/3200i¥J *LlZ9J, 1JO:®::fO/~~ rPJ O Jt!:~w' *;JE 1 00 PJ 73'-;j;Jr ?fr45C~RS ~tlis:JF .CZ t±:l 
If 15, lP/~~r Pfr45t~ITT 131:tlisITT 73'-1Jr*1R:~ $$~~ *Afi'! or rnf tR: {j¾~T * ;JE 1 oo PJrtR:{j¾ 
ss ~1~~l1ffi7fAITTWl:>1Hffi-W o 
[0142] -®=JmI$n\G1i*iJE 
[o 143] ]lo _t Em i-tiiITT, *;JE1 00nJrfl':{j¾{iffl $ ;t§,ffl*iJEITT !½IRi}Jm WJJ}JFJt·t~L-$ ;ftHJl* ;JE 
PJ f!ffl TIITx1$$r13 rPJ mJ1f rPJ i¥J ~~ ~$:~;t§;j;JL o tE,; B~JJ1h7f A 9'l , $ ;t§,19L*tJE PJ §1~ TIITx1 
$ $~ f~Ll Em~$~ }a Em ITT~ 1' ~ $1' ;t§ ;j;Jl O tE ~ 1' ~ !Jih 7J A 9'l ' iJLl fto ' * ;JE 100 pJ {~ m X3Z ;t§ ;j;Jl 
n\G{l* tJt, Jt 9'l *~ ;t§,tJl:fw*=ffl1Jl ( 1:71):tio, 00 {tM~~:'l.122:fw 124) PT JE 1ft tE/4::$rJ3 ( 171!:tio, 
$$rJ3 200) ITT mroo :fo/AA f~u oo O * ~ t§1Jl ITT :t,J1.th m *r, 11\ r * = t§tJL ITT i.m:th, AA 1'r !5 * =t§ 
;j;Jls''l +.m:tmi'ffl73'-j:fu_ffi:~ 0 !Nj~ '*~ffi;j;Jl pJ ijJtfLJ*~ 001i~fl:ff' I;:), tMr*~tB;j;JlpJrtt{Jt B''l 
oo 1ttITT -~~ oo 1tJ}tfr, * ll* ----:t§il:JL PJ ii:tt¥u* ~. oo ft~:ri:ff, I;:), 1:tlh* ----:ffliJ:JLfoJ-r:t~1j¾B{} 
00 ft i¥J ¥ g~ 00 ft ?t i'fr o '.$~001t~fl ff 10 '.$ = 00 ft~fl :ff RS $tu t±:1 ( iJLl ft□ , ~fIFn i¥J 1§ ,~,) PT 
ffl~otE-®~~7fA9'l,'.$=00•~~:ffPT~~*§'.$-fflm~'.$=fflm~~ITTOO•Ll 
tAff iL ft73'-;j;Jr o tE!N~~nlh7JA 9'l, *tklOOPT{rf'. ffl - t§;J;Jlm{l*tk, Jt 9'l-&~"'ffi;j;Jlj:)J~~· 
::T-fBJITT~~o~~,~~ITT*~PT~~~tt~$$l\§fiJTio~fflTio~i'rITT~~~~~ITT~~ffl 
fUss f§,g{~~t±:\ 1k1Eortl':fLl¥~~OO{t73'-ffrPT 11't~+¥ITT~iJLl, ep: ~r fA¥1'~Jil~,8 (iJLlJlo ,!A¥ 
~ t§ iJ:J L) ffi ~ ITT 0011 % f:tl h 001ft 73'-tfr O iL 1t 00 {ft73'-;J;fr P J fl't ~ t-¥: ITT~ 15Ll , §p : ¥ r ffl 00 1ft M" ~ 
~~ITT-1'~$1'~~M~ITT~1'~~$1'00•*~1rOO•?t~o~~.~r~fiiL~OO 
•*~ITT~M~oo•m~m*~l;:J,r~NM~ITTOO.:fflffl~1'~~$1'::T-fBltt:'l.,M::T­
[BJ B/,J:t.m:tm, f!ffl::T-fBJ ITT ~Jre, fait:t,.m~1* ,~,, cy,cy, 0 
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[0144] vuftu, ft-~~Jmf7JA cp, ]UnlOOPT~MH:tffl OO{jjf~*li122-126ErJ - ;tB;j;JL~ 
moft~;J;-¥:SI.J~m cp, OO{i;Jm~*l'il22PT:f'M{tl:~l~i:m ( vufto, 34&, glt:iz!; § #b20&iU45&m 
[I BS Jt B {1L ~~) , OO{i;Jm~*li124 DJ:tl{tl: 'ffl:f~.lm ( vuft□, 150/jtglt:iz!; § §'b lOO&iLl§''b 180& 
ir11ll OS :lt'f:: {l) , 3f _ft 00 {trtfl3 iJU~lil26PTtJlHtl:cp fa] fJ[i:m ( i71Jfto, 46/jtglt½] ~ t"J 35/jt_¥1Jt'b60/jt 
rull Ss :lt'f::{i) oft-®~JJth::iJ:it cp, OO{iM~*li126PT 1f T'J±t9;J;JL~-1:J!;tg;J;JLo OO{iM~ 
~:'i"I.122-126PT JE{:V:ftf§l'Ji1im310J§oo3f _ft~,;$:_t3t1~~5E11 (vufto ,6cmfaJ~~) oJtl:-$ ,ft­
®~!Jth7T:it cp, ftn_t ctdi-tiiITT, 001iM"~ltn122-126cp ITT ··tglt$·t PT~*ft--1=5$$pij200 
BS t3 ~ fJx ~Jr f ITT JJE:ft ti 3 80 J§ oo o i3: 1¥ ITT JJE:ft DJ ~4 * El $ rg ITT 1f 1PJ &M M 00 {ft M" ~ *Ii 
122-126m~ITTJJo(oJ~iLlld~ o 
[ 0 145] ft 5J - ~ JJth 7J A cp ' ft□ r. ffi ta -if 00 31:3 ;f P 00 3C -j;;_f ii OS ' st fJ[ i:m ;t§ ;j;JL ( 17u ft□ ' r ffi ~ i71j 
cp BS 00 fiM~*li 124) PT ~*fi{~r ~ITT± f,'Ji1i:rm;t9;j;Jl ( vU ft□, _t 00 ~vu cp ITT 00 {i*lil 225fP 
12 6) o i~ ttJ m: m :tJHtl: * ~ 1: ff :rm t§ ;J;JL 1n ~ rn ff t~ o 19 T ~i & & ~t , t§ ;J;JL m 'ic ~ ti tt Jli * $p,lj 
200ITT13Jxl.JN~, 3f _ft PT relJj§;t§;j;JL_tITT{JliejC;~g:J=l:j IJJqH!fLl&M )to 
[0 146] - A'§ ;j;JL~ ;JE PTtl~Jit®·ti ~M~tl: 0 vu PD '-® ~!Jth7JA pJ ~i'JSPD r ~~) J : ~T jj -

;t~ ;J;JL BS tft 11JlU tr1i * *~TIL iiE - -t ffi ;J;Jl it x1 x1 ;t. ITT tft 11JlU o -tr: _too i,t ii ITT -:;t~,m ~ m cp , '.)lr £~ 1'!I 5G 
11 OPT Bt2ivufto - 'i"'.)lrr!*li ( vufto, po_t 00 L-tiiITT, - ~EyeQ* jLJ ITT '.)lr:f!~~},) , -&~~ 
fl~ ~.:b.>J$ fflr~fl dJ OO{!Hrn~~ ~J22-126cp 81.J-'i"ElX$~trn~lfl OO{lo 
[ o 14 7J ft - ffl ;j;JL * ;JE cp , ~ • ~ ll * EL PT :ti 4t * § ± ;t§ ;j;JL 5¥□ ~ fJ[ i:m ;t§ ;j;JL W3 ~ ITT ~ {ft , ff 
_ft 1Jl 1T ~ FO v A'§ ;j;JL ITT fJ[ :JR: ~lJ!l. Ll vu PD tft 11JlU :1t 'f:: $ m , 1T A , $ m ti~ <'X:Jffi ti ,:t , :x: 3m tJ R :1t 
Bm~% x1~ 0 Jt!:-tl? 'J;j3;-~ll *Ii PJit.-1:;t§;tJ Lt□~ ;t§;j;J L i¥J 00 {f&.z fsJ i¥J {f&.:$: &Ji!e3f H B'l 
Jt$$~200ITT3:ltj!ITT -t1tffi:~ o 4:tJ§, *-~:fl*l'i PT~4 - t1tffiJiJ--1=5 - ttHihOO~x:t!istliir, git 
~--1=5~Tjj-ffl,tJlITT@~#-ITT--@~ffl--efo 
[014BJ ~=~fl*li PT~4t* g -1:;t§f:JLITT 00 fiH HtAfffJ['.½f:~fl Ll:t'.),11J1U:lt 'f:: $$p,lj, ff 
A,$mi'i~ ,:x:Jffii-i.:t ,:x:Jffi1:J R:lt'f::mlf~x1;t.o jj>'r, ~=)l):fl*linJ it.;t§;j,JL{l;f$, ff 
H~r~&~#-~~OO~z.~1¥J~:$:&~HB'l~~;1¥J-•m~(~~,mffl~~i¥JM 
~) o%=~:fl*l'iPT~4* § ~r~~ITT-tl_ffi:~ITTta~2tJEiLl%-~:fl*ff Ll--1=5iL 1*­
tl 00 flt~.-if o 
[0149] ~ - ~fl*li PTtf4t* § 'IJ/EFOV;t§;j;JLITT OO{iff _ft~flpfr :i£00 {i, Llf-&11JlU$$p,lj, ff 
A, $i!Hiti, :X:3mti,t. ':x:3m1:J R:lt 'tmlft x1~ 0 ~ - ~fl*li pJ Jtl:-W:tJlff tifl'.?r~flt§i 
4-Ll1};J;JrOO{l*i.R11iJftOO~ cp;f$iJJSI.Jx1~, mft□ ~il!S"J$tfr»J, h A, ~~o 
[0150] ft-®~!Jth7JA cp '{9:'.~rOO{ii¥J {§ ,@JJrE1tM1iL.t-fu;Jm~jf ~fl PT:tl{tl:: 1J!{t!: *;JE 
'JC~Bs;J;Jl~ oVUP□ ,i3:t¥ITT'JC~PTE1JS: 19:'.ffi%-OO{itrTI'~*J'i;fPf). i~*J'i~:flITT OO{iLl~TIL 
irf lU /glt1 r k3mJ1;Ji$t 3f ~fE!!. _¥ 11> * § ~ = 00 {t ;Jm$t *Ii ITT 0011 {1§ ,~, mf ~1t ITT {1§ ,~, o 
[0151] ft-®~!Jth7JA cp '*t}ElOOpJ {lfflW3~001%zm~*l'i (v~Po' OO{t;Jm~*li1225fP 
124) *19$$rJ;1200tJ!{Jt 0'Rl1mM, ff H {tffl~ - OO{ili~*l'i (vuJL□, OO{ili~*lil26) Ll 
r¾ {ti: 'JC~* ~]IT ill M :1t B W31" 00 {f&. ;Ji~ *Ii :ti 4t ITT Jyj)iS ITT 7J\. ;j;Jr O w~ ft□ ' ft~ t-¥ ITT~:@ cp ' 00 {f&. 
tm'~*l'i122;fP 124 pJ )'J*iJ'ElOOITT iL 1*5J\.;j;frt¾{t!:00 fiLl-B'RJ1$$~200, TTiIOO{itrTI'~*l'i126 
PT 7'J * tlt 1 oo ITT 1'!I §~ 5J\.;j;JjjJ!{tl:0011 Ll 1J!{t!: 'JC~ 3f ~~irf ~ r f). 00 ft ;Jm $t *Ii 12 2lU / git 00 {t ;Jm 
~*li124ffi~ITT OO{t rnf~ff ITT{§,~, 0 ~p' OO{t;Jm~*li126 (Rx1 mITT~fl*li) mttiAT'J 
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HH:!t'.rC*-=f ]Un' ~:}~1:!txt }A001iUm~~:'l.122lP l 241~ tU Er:/ 1:,\.tfrs':J t&i1:f ( 17Llftu '};~1:!t § ;qJ~ 

~ tLli}J (AEB) ~iJE) o 

[o 152J :z1s: ~~~ttlKA ~ ~4tiHRIU, _t Im ITT t§;tJL:f19jilL t§:1-JLJJ)(:'I., t§:1-Jl/ly: § , t§;tJLtit!,9, ~~ 

&~~~0~®$#Hfflxtf~~~m~~~~~$#mm~*ma~#~~~@~ffi~ 
~~0HITT~~~AITTm~ 0r®~*f$fflm*mITT~fflITT*-tl7m~,ffl~mm~~ 
DHrlHl}JlP/.B)G ~ J::$$fh\JJ}Ji'fttL 
[0153J 004~~0HITT~~1TAt§ ·¥)(ITT Zffrlf ~:S:140lP/.B)G150ITT7i17Llttr}Jl'fMl!OO, Zfftt~:S: 
140lP/.B)G 1 soDJ 171iclf I~ f¥ ~ ffl f tAff-'4" ~ $ 'i"t31Hi ITT t~-4-o tu P,~{ ~ r ~ ~ ~~ 171it ~ 140, 
1B1E:zls:~~tt;f(A~:14tiH9'iU, m4-DJt71itfrt71itff 140lP/.B)G150~ o 
co154J ftp 004J1Jr~, #1i#ff 140m #fi#¥§~ OOftn\.tfrtl:tR:402,iL 1too ftn\.tfrtl:tR:4o4,~Ji'. 
lP:IJp~t@'.tl:tR:406 ~R-B'~J'UlrnJ@tJ:tR:408 0 0HITT~~~AH~~~ f ff{iiJtef JE~@B~ tHi:lf ff 
140 0-*-W ,@ffHtllff 180lP/.B)GOO{;!Z:~tllff 1gomtfaArt¥f~f~tfl;frf¥{itff140~ ITT ff 
1iiJt$t:tR:402-408Z~ ITTt~-4-0 :zls:~Jt!~tt#A1'1~4lli~ITT ~' ~ r Wi1tx,t )1ll¥5Gl 10ITT 51 m 
m • 3t.B)Gj¾ fnl t~@ m >1:EI ~ 1 solP oo 1t>1:EI ~ 190 0 I!! lit, 1f 1PJ ~ r >1:EI ITT tl7 ~i m ~ -~ .9)G 

¥ t->1£~~:'l.tAff o 
[0155] a-'4'-~JM~A ~' 1¥1-§~ 00 fl1:,\.rfrtl:tk:402mt¥1io/H!'t4-(i;l'j·ftpitJHJLt~]t$,jz1tf:) '3 
[:b >1ll-'¥L 5G 11 o:ttlff St, ~t~-4-ttlff [:b 001ttrn~~ ?i'.122, l 24lP 126z-~J+:Z 8"]-§'ll 00118"] 
• §~ ~ ft5J' tfr Oft -®~JM7TA ~ ')1ll. JG 110 m~4* § • §'ll ~ ft ITT f~L~-~ f1t~r 8~ J® % (1§ 

,~, ( 17Ll3iP' * E5 ~JEITT 1eL~,) fl*'~ 1f~1T ¥§R 00111:,\.tfr O 3iPrilU ta*OO 5A_¥00 5DMiIBITT '. 
~~ oo ftn\.tfrtJ:tR:402 PJEt~ fflft&~IJlU-tilOO 1111g 1¥1-§'ll ~1il Cm-ftPti:±1:tti1c, $$)!;\J, h A, m: 
N! ti ,t: ' i§'J ~ 0 N! tB D [r!Jj1~>~:® H'm~~ xt ~R ~ $ WjJ:f tj!* ltk 8~ ff 1iiJ ~ E ~1-iE) ITT t~ 4-0 
~f !lt1:,\.tfr, *iJElOO ( {fijftp, ~~- EB )1JEJ!.¥5Gl 10) m {±$$fh\J200~ ~4.-~.9-.£$~-B'ffiLUlnJ@, 
i:gftPtt~ ,$m:~1t,:1JPJ!tt2:1z:*, 1¥f, ~aroota*-B'~Jf.~rnJ@tJ:tR:4osw-v~ 0 
[0 156] fr-'i'- ~ JM ~ :r:~ 41 , iL f¥ 00 ft 1:,\..ffr f.~:f;k:101 nJ Zf {it-J'~ /4> ( m-~pit • .fJL fJili 'rji;$j('f tf:) , =5 
EB >1ll¥JG 11 OfAhSt, ~t~~tAh:®u:iw § 1f1iiJ0011M~~:'l.122, 124;¥01261¥10011M~ 
~mITTffl*®~~ITT~-m~~=mOO~ITTiL~OO~*tfroft-®~JM~A~,>1~¥5G 
11om~4* § :ffi-§'~_;¥u:ffi=t~.001tITT 1* -~,~4liJ!fr!®Ilt1* ,~, ( 17,JftP, * § ~Jis:ITT 1* ,~,> t~.if, l'J 
tAff iL 1t00 fl*i-Ji-o 17Ll:iiP, iL 1t001l*:flrtl:tk:404 PT §1E fflf~f 00 fiM~~:'l.124~~ITT 
:ffi-tfi 00 {i lP 00 {i M~~:'1.126 ~~Er:/ :ffi ~ tfi 00 fi* tfl ff iL 1t 00 {i * tfr Er:/ t~ 4-o 3iU r 00 t6 
if 00 6~5£8~, iL {t 00 {l~}tfrtl:tk:404 PJ 'EltE ffl f t&11JlU:ffi-§'lllO:ffi ~.§'ll 0011 pg SI.J-§'Jl ~{lt 
( @3iP $i1Hi1c ' $ $[JB' 1T A 31U! ti ,t: ' i§'J ~ i~ N! t±:1 D [rff m>it:® '.kJ ' mJi xt ~ ' ~) i¥J t~ 4-0 
~f !lt1:,\.;j,fr, )1ll¥ 5Gl 10P}ft$$j)Aj200~ r1-:.-~.B)G$~-B'JmO[nJ/\\L, @3iP~~ ,$51tf$1ft, 

:1JPittte11:*, 1¥f, ~arootaif-B'~JtornJJ,,1m:tR:4osw-i,t o 
[0157] a-'i"~JM7JA ~, ilt@'.lP:IJPiltttJ:tR:406P}f¥{i1~mnx;*:flr J.f.$$fh\J200ITT-~AA 
$~it~.tJL~~:'l.titl'.>l ITT :J151Jhif ITT $x 1tfc, Jilr:l£it~.tJL~~:'I. ti ti;Jm6XtY:fi $$fh\J200ITT~JilP/ 
.B)GJ)QJfil&i:'J/:~ o17LlftP, )1JJll.¥JG11O PHJl1T ~Jfil&f0J)QJfil&fl:J;k:4O6*~ITTf~~, ~¥f }_Aj}l 

1T ¥9~ 00 ftn\.1frt5U~402,tP/.B)GJL 1t001tn\.:ffrtl.tk:4041~iUITT ~Y:t!is*it.$$[JB200ITT § ti~ 
tt o 1f1J ftp , ~ t¥ ITT it w m 1'L tE : § 1i 1ft 11 , it tt lu 19)G :IJP it tt : ¼ tffh\J 2 o o t§ x>t f m: ,y; ¼ tffh\J , ff A 
AAm:&% x1*ITT 1ft:'l.lP/~iltt: $$fh\J200i'§.xtfi1:!&%s~ $±1:tti-~cITT {ft:'l.{1§ }~,, cy, o !fH/,, >1ll 
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• 7G 11 0 PT¥ T /®'%$tu A ( f7t\ZU , * § 1§ JE Et':J {§ )~,) ;fO * § $ $iJJ3 2 00 Er:J :!t B ]Un ( ffi ftu $ $iJJ3 2 00 
s{J-=i1;;JrL~~220, r\fLliJJ~fJE2305fO/~!J:~fPJ ~fJE240) B{JrifuA*it#$tfiJJ3200B{J ~ ;l:i:i!§L ¥+ 
it #trl ITT§ ;J:iiilt, :£tfI•5tl lODJfnJ $$iJJ3200ITT11¥JrL~m220, r!fLliJJ ;;UJE230;fO/~~fnJ ;;UJE 
240 £ :JE fg -=f 1§ ~ ' ~J i!U1,W1J fto 4m :fllGJE r flriJ i}J $: ~ ;t03f $$rl3 2 00 ITT 1JD if$: *~!ll£:il )it :fO / ~ 
:IJD:illi ITT r3z:~ o 
[0 158] ,tE~'i'-~)Jih h ;i:\; cp, --B'flJLO[n} @tf:f:~408PTf¥{itPT [b :£tfl--'¥'. 7tl 10tA1Tlfl~ {tj:, 12), ¥ 
+ ;). • §r! 00 {t 7t ;j:Jr t~m4o 25f,O/ ~iL {t 00 {j. 7f ;j:Jr t~m404 ITT 1A 1r 1# #Ll ITT Jyj}is * ~Jij JEJM:~. ~ BJ[ 
o(ri) JIil o i3:f¥ ITT Jyj)i1; DJ /e1J15 l§ Jli%'$$iJJ3, if A:fOi!U! xJ~~~ ITT {n:Jl;fo;iiJt {a,@,, $$rl3200ITT 
§ ;j:jj{ftjlf§ ,@,, ~o jjjf, ,tE~®~~7fA cp, --B'fl![O[n]@DJ ('l'ffl73\.:f:fil~fG3':Jfu) ¥r:f:ihOOJ3!J®, 
$$rl3200ITTt'TIJEiVJi:fO/~$$rl32001§ M•§~ 00 {t7Hfr1Jm402:fO/~iL {too {t7Hfr1Jm404 
s{J tA fr rro r& 1~Ll ITT~ 1"-wt $1"-xt ~z.JsJ ITT ;tg xt:illtwt ;tg xt JJ□ :illt o --B' ~ Ofnl g rl m4os J2E m ~ 
f J®'9tf:ratrA ( iJUftP, * ~ ffi':iElfl 1§ ,~D ;fO* ~ $$iJJ32001fl :!tt: *in (@fto$$iJJ32001fl11¥frt*fn 
220, r!fLlZJil~f}E2305f,O~[PJ *;JE240) ITTtiJtrA*mJE1Jl~~~O[n)fl'Z o¥T Jifr:l£1~m~fl![O[n]@, :£t 
fl• 5Gll om [PJ $fr!Jj200ITT11¥frt*;JE220, r\fUi}J *f)E230;fO~[PJ *f}E2402:2:iEFh-=f{a ~, Ll~~2:2 
,~m--B' J~rr.oruJ m, -Wufto, :tmtt 1!$$rl3200ITT 1r fPJ :&~iJJ Ll ~fYl f!nJEJij Jitm~ o ti: ~®~mh1f A 
cr, :£tf1. ¥.JG11om1tffl ~BJ[o[n]@rJm4osITT$€tr t±:1 ( 1Ju:\Zo, 1JH~. --B'Bn.oruJ@) ff T'JttuA, Ll tA1T:il 
rtt:fo:1Ju:ilrtt1f:f:R:406*it•$$iJJ3200lfl:ill1tr:':£~o 
[0159] ~SAM~ t±:11§ 03f ITT~mh7J;i:\;;f§ ·¥3z:ITT fflr¥r .§~ ~{j.73\.;j:Jr*r.tt '1'~$ 
1'---B'flfLO(ri}@ITT~f7Utl::£tfl500AITT¥frtl'f 00 o -tEffeBJ510, :£tfJ• 5Gl lOPTi&~ {:trf :£tfJ•5tl 10 
1§ 00 fjJ3tt!R• JG 12oz.fsJ ITTl1JEfl o 12s:tf4~$i'·OO{f&. o iJLlfto, Bt~-tEOO{f&.~t!R• JG 120 cp ITT 
;i-§1Jl (@ftoJlfftJ[tp;202ITT OO{ttrfl~~lr.122) pJtrfl~$$jl}j200ITTfrHm (iJU:\ZO, ~~$$jJJJITTf~Llffif 
!:!JUBffif) ITT l>Z~ITT $'i'-00{t3f Fljf'~:f'E~:tl C {lfi)ft□ , ~~ '~~, USB,x~, mt3f, ~~) ~too 
ft£:iEiLl:£tfl•5tl 10 otEffeBJ520, :£tfl•5tl lOPTtAff •§~ 001t7Hfrtlm402 Ll 7ttfr$1"-
001t,i3:-tErffif ta~005B.:t005D;i!~tl7if§'.ffi:f:filts'i:l£oiiiltA1T Jifr;l£73\..ffr, )l):fI•5tl 10nJ ,Ii 
1~u~~£iOO 11&. pg ITT ~~!iiHiE, @ftO $m;J:Jftid, $$1#3, h A, m:~4HJft~, ~ili~~* t±:l □ [r[i]t, jt.;@ 

tL~o 
co160J -tEWBJs20, :£tfEJ1•5t110J:ImtA1r •§~ 00117J\.tfrrJU:tH02l1:1+-,.W1u~1~mft%m~~, f71J 
fto, i2 $fi?:~~ITT ~'l'ffl*, JEJJi ITT m:JE4Hi ~, tliJJ ITT 1%'. *m, 1J,iJJtm, ~ o m:JEim~irarn~f¥1'Etaiq, 
m~,A 1J--;fotm5_tE(:1~ft, PT~~1:tr&~~Ll~t¥Et':1m~~Jtr}Er1iitl:o ,tE~®~i@:7fA cp, :£tfl 
.JG110 PHAh .~~OO{f&.jHJ-rtlm402, Llx>f $1"-0011&.:it!:h$$v!1}tfr*r&i~LliltM%fd;~t oi5UftO, 
:£tfl.5G11 OPT 1ii-~1.l3: OO{t$mzi'§J ITT t§1JliEZ9J, 3f 1l it#$vtz.i'§JITT{i~~Ji!fiLliqJti]i]E! 
B{J - tttit!.00 0 7!.tl§f ':£tfl. ]Gl 1 OPT ft m - tt:f:it!.00 *tti~LlJEi ffif Llht fffr rJEi ffif L7f ITT m~t 0 
[0161] -tEWBl530, :£tfE!!.•5tl 1 OPT1A1T--B'flfLOfnlJii:ffitj(408, ~J¥rWB-l520tA1f ITT 73\.;j:fr l'J 
htftol:. ffif fait004WiJ£ITTVZ:#*f'.tt$$jlij200ITT~1"-AA$1"-WBfLO[u)JIIZ o iJLlfto, WBfLOful@PT § 

tE~~ '$mf$1il '1Joi!Jtex~ '~ 0 ,tE~®~~7f ;:~ 4-1 ')l):fl. 7tl 10 pJ 11 ffl fAtA ff i!Jt;fo 
n□WBUlm4o6 cr 1~ .¥U ITT JyJ®, Ll r .tt ~1---~ $1'--B'flfl o[nj@0315r , $1"---B'flfl o[nj@ PJ ~st, J11vl 

1JZ~~ ~ff{iiJt!i~ TTu tz± o iJufto, :£tfl• 5cl lOPTiY: {1$$jl}j200~~~1"-$m, 11.tJ§;il!Ui,Wufto 
fPJ /44rl3 200 ITT~ fPJ * t.ft;240:fW-=i1;;m * f.k2 20 f:& 1JC £:iEt~ r\fLlf§ ~ * :IJD i1L ~ {~:f:ih , :£tfEJ!. • 5G 11 o 
PTj3z:f!$$jlij200;0iJJ, ~ st .lffittiJufto fPJ $fjlij200ITT$LliJJ**JE23o;f,onfPJ **JE240~ st£JE:t~$Ll 
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f8~*{t~igL 
co162J 00 58~~ W--'=J 0 TT s{J ~OOI:Jf:ct:t§~J!z:s{J ffl+:r&~J1u~g£Loo1t 9'l s{J~'i" E1¼g;'i" $1m 
:f P / E1¼ 1-f A ITT 7F 15Ll tl:!>tHI 5 000 ITT 1JrU¥ 00 o )lt:fl--'¥'-5G 11 o DJ 1JiAf--'¥'-~~ 00 ft ?t tfr t:~#!:402 Ll ~ 00! 
)Zt:fl500!3ofriv~l540' )lt:fl--'¥'-5Gl 1 om ,P}§JE*7Fm§~IE $ffi:fP/E1¼1T A[t(J~gJl {~½]xt* 0 f11J 
.!ZP , )lt:fl--'¥'-JL; 11 Om t3Wi ~'1' wt$'1'0011, ~% pfe5£ 00 ft !5 ~'1' wt$ '1' 3Yi5E 00 ~ br t1, :# Jl fr 
4ij '1' 00 ft rkJ iJ{ 111J m ~ 13-* f!xt * ( 15U 1ZP , $$pJ;L 1f A , E1¼ Jt ~ W 7:1\.) ITT m §t t-fu ,8 o ffi 7E 00 ~ m 
~Vtx'.~fJ!l ~ br$ "tii*m9'l" tPf(C br$ ";Km9'l" ~-t+ITT1T:ct*i&it O f?JU1Zn ')ZtI*--'¥'-5tl lOm f! 
ffl!5fm5EOO~*~ffiITTffl~li*m~~½]xJ*~~DJ~ITT$ffiE1¼1fA 0~t¥~DJft~)Zt~ 
• 5Gl 10~Y7Kitr9'l ( 15Ll1ZP, 7Kl,9'jJIJ) *7F$$jJJ;jE1¼1T AITT {~½]xJ*B{J tl!f$ 0 
[O 163] friv~l542, )Zt:fl--'¥'-5Gl 10m uiJ!t~ ~gJl f~½]xt* ~}_4-y71\.~ti11E*tl~~i ~®{~½] 
( 15Ll 1ZP ' 3c * wt :;r-~ ;tg * ITT xt *) 0 lK ti ITT f;} mm j)_ !5 ff {f/'1 frzli3lj@ Pf. (WU _!ZQ ' ff {it fr ff {it fl: 140 
$ 8{Jt1ctEw) 9'l ITTxt*~~*~l'fJ:'S-;f~ mHi;fijJU O ~·tim ~ttxt*~:jjC R ~, JvBfil, (15Ll1ZP' 
t§xtr $$jlij200ITT) 1.frn '~ 0 EB Jlt' )lt}l--'¥'-5Gl 1am {f J=l:j -gJlQXg;gJltitl Ll 1§~~* § -gJl {~ 
½]xt * ITT fflmf~Jzl o 

co 1MJ ti:W~I s44, 9t£~--'¥'-JG 11 om 71\.;ffr Ffi ft ITT~ 1"$fe, Ll 11JH5E~gJl f~:i1fix1* 9'l ITT M*JE 
~ *~ tp. ffi :fn / wt tr A O 15Ll 1ZP ' )(t :f! ¥ )L; 110 m ~~ Ji[1Jt ITT$~ *Ji!UJf, ii :r& 1mU1~J21Xt * * Jl lR 
~ !51it&1ITTUxt**~l'f1~$wt:ttE ( {:?LJ1ZP 'j(;J\, t§xtr $$jlij200ITT {ft ?t1.' ~~) 0 "'H5'r '9t:fl-'¥'. 
JG 11 om 1~Jni:r&1muxt* ITT ¥tx:# H ~% xt* ITT~$~ 1ftnixtM !5 ffl11mHftnbr ~ o 

co 165] frtv ~r 546, )ltr'I\ • JG 11 om tLJ ~ itr&1mu x1* s{J ~gJl 1mu .;.ta* 015U izri , ~n ITT 1mu .;.ta * PJ·@J~!5i1t:r&1mUxt~*lt¾:ITT (t§xtr $$)J;);J200ITT) {ft:'i. ,ii&tP:1JOii&{Rofr~®~!Jlli7f:rt: 
$ ,)ltlt--'¥'-5t11om~r Ll riz:f:*tLJ~1mu_mta* = ~r1~•tt::t11m~ *JU~rstrRJITTx_lJJ 
~ (m1Z0~3J<5£1J!t~fl:.!:!.IG§'&·t1=t1c1t• (LQE)) : tP/B-JG~r :;f-~xt~~~ ( {7i)1ZO, l'C-$, ~$, 

1f A, g 1f $,mJ4Hi,& .~~) ITTm J=l=Httllxt/iL ~-~~f)!~:ff m£ Txt%?.RliITT1mUiHa 
* 'Jt 4-1 Rll1mtiHa*!5:j%Jf~ilt1iITTSt!'sJ ( 15U Jlp' $$fJ3200JLljt:xt;t.ITTSt!'sJ~) PX br 15U O EB Jlt' 
imufftAr iv #1540-546, )ltfl. JG 110 PJiP,11iJ t±:1 :f_ill fr~gJl i1tna$t 00 ft~ R{J $$p;\J to h A:# Jl 1i 
iu !5 $$jl,lj1P1r A*~ITT {i .@, c 15Uizri, fftl'i, :l!HI, * 11\) 0 ~ri~i9-JJ'l 1P1iIU ITT {i .@,, )ltrl--'¥'-JG 
11 om ;,:tt¼$jJJ;j200ITT~'l'Ei;tt'l'~B1LQfnlJ11i, ~fr_t TiiHaif l!:I 5AWi3£o 
[ 0 166] fr j; #I 5 4 8 , )lt :fl J¥ JG 110 m tA 1T ~ '1' AA g; '1' 00 fl s{J :3/61JiI 71' tfr , Ll ~ Y ti 1mu "ffl ~ itr 
$" Ll R * m 9'l *7F $ $m ~ ff A 01:1 f1x~xt * 01:1 ti$ o :3/6 ~Jrt7:1\. ttr mt~ 01:1 ~ , 15Ll!zu , 7:1\. ttr tB xt r 
--'=J Jt t: $$p;\J to 1T A*lt¾: s{J ~'1' E1¼ g; '1' 00 {I 9'l S{J $ $p;l] 2 00 ITT iEi}J 00 ~ ' * Jl 1K 111J T ~% 00 iEi}J 0 

)lt:fl--'¥'-JG 11 omiittx.m~N~~$'1'1!:111$m (fr:;f-~ ITT St rsJ1ina$t) ITT xt* R{J :;f-~ {ftli*it. 
{~:i1fixt ;t_ ITT €l910 )lt:fl--'¥'-JG 110 m 11'. m {ftl'!;f Pst j'R] 1111 J~ m rit. {~½]5(1 ;t.iEl9) ITT tJ& $ -tl 
~ ITT $tu A O EB Jlt ' :3/6 int 7:1\. tfr m :t¾1tt #r. 1mu fr¼ $jlj;j 2 00 ili: '.H ITT ¼ $f!3 :fW 1T A. ITT 1j ~ 1~ 7]~ 0 )(tr, • 
JG 11Om!5W#1540-546 gJlif *:J'A 1f :3/6 ¥AL 7t tfr , ~ ti 1mU-$$fJ3 to 1f At¾1tt JC~:# Jl ±!"{:!Jo* tJE 
lOOITTm~·tio 
co 161J oo 5C~7F t±:1 !50::if ITT ~!Jlli:1f :i:tt§~#!z:ITT fflr:r&imu~gJI00119'l ITT ~%tito/E1¼+mJL 
f PJ {1§ ,@, s{J 7F 15Ll'ti)lt:fl500C ITT 1Jrtl£ I!:! o )ltrl--'¥'-JG 11 om tAff --'¥'-9~ l!:J ft7:1\.tfr-tlJ}(402 Ll ~!Jlli)Ztrl 
500Cofr-zv#l550, )lt:f,_.5t11om;imtt:t3Wi~/j'-E1¼$'1'1!:111*~1mu~g~_xt;t.o~ T~imU~@: 
$iltti ~c. ,$iltJLfriJ 11§ .~,RJtt:t§*N%-ti, )lt:fll'j'I. JGl 1om ttfJ!t~~Jlxt;t. Ll f:lp~i m5E3c*ITT 
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~ ® x1* ( 171J~u, $£t'Mzi't':1 tJt1f .,1}~ *, ~~) o fr$J&l552, !,zl:EIJ¥i. :n;11 om~~$~55o er ~~mu 
s{J ~T t§ li=iJ JF%ti~$mti~ s{J IX¥JbH!!iU~iEQ O ~fitJH!!' !,z:t:f_tt[J¥l JGl lOPTJ!iL:zz~it~ 
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1J A cp ' !,z:t:fI. JG 110 pJ {j;rJJt it~ 1mu IX t9:J)d~l1i f ffij [PJ Jl~ tit J'Pf ffij B{J 19:JJ O it 19:~ pJ {l ffl 
-1x$rmrt.*:zz1iE, it-1x$rmrt.~~x1@-=t~:EI~li (i;]l'f~o1:tri!i.,~4nr, ffti$loii~1mum 
if% ITT ffE $ flr :'t.) ITT * ix O fr :'t. fr.t:Ht~ 01 ' !,It }:_it( J¥l JG 11 0 pJ ~ m lf4Hm VJ:~ ' Ll l,t 1§ $ $pij 2 00 * ltR 
BS {JNfi:p;fot)H1Bi$ 0 yj)'r '!,z:t:fIJ¥l JGl 1 ODJ Jffirl?ttfrfffrrlfi ffij _ts{] 1ftJl;fOiEf}J~~*J!:t* 
mlf%ti~ oJt!:~tv, !,ltlll¥LJG1 lODJJffirlftUl~~~$~00ftcp ss~tJi~fiE,~*ft• ~$$pij 
200 :X: ijJ'.2 OS 1Hf~lJ :fotiHI if$ o 
[0169] friv#l556, !,zllll¥LJG110PTJffirli71Jftomirnl~~}£~ 00 fi$!1rssit~1mu !Xt9:LllklR~ 
1§ ii~ 1mu IX~* ltk lfl ~ $rlr Ii tfiif * tA 1T $ $rlr 1:,\. tfr O fr !,It :fl-'¥! 7G 1 l otA 1T $ $rlr 1:,\. tfr S1 ' fr$ #I 
554t~J!:ITT ·tli1mu.m~* PT~1~ !!PT33f ill§!!~ ITT nf§ 7]( f*ltko EE Jl:t, JmrltAffWIJI 
550-556, !,zl:riJ¥i. JG11om ifljJIJ tBJ.m?:'E~tJiittm~oo ftpg ITT JFtriH 1l 1~1u$mJL1ar 1a ,@, 0~ 

r it in jJlj ;fO 1~ ¥U ITT 1;';' ,@, , :tl :f~ J¥i. JG 11 OPT~ :'t. $ $M 200 ITT~ 1' ~ ~ 1' ~ J~Jt rl[u] J5iZ , 13: :tr _t 00 ~fl 
~00 5Afa'i;i! o 

[o 170] friv#l558, !,zl:EI-'¥!5G 1 lOPT ~~419l>'H8 ,\!:!JI*Jt!:~tvfr~ ffl!:iJIJ::f tiin ~ JR r J!:iL 
$$pij200ITT~:i:tR~ o!,zlIIJ¥lJG1 lOPTf!J=li~:i:tR~*~~JELl r~~, ~p: ~~JElOOPT *It'Z~ 
±Bs1Jrt.*11~1r $$pij200ITT El .:tt~tLl oT'1 T Ji 1'1 ~±t:l~, tE ~®::tl1ffi1Jrt. cp, !,zi:fil¥L JG110 
p J ~ m ~ t: * $flt] f¥11ftll :fo iE lYJ , it~ 1mu m~i f¥1 ~* :iJI :fo ~t ti~ :fo 1 ~J)Jili oo ixti (@ fto tili oo ix tm 
/$16 o ITT I!£ ti) t¾ It'Z B{J ,~, 1* il~J4HJ~ ~ fa'i ;it o Jffi tt ~ m $9I >'H§ ,@, ~ , !,It ll J¥l JG 11 o PT t¾ 1f¾ JC~* 
~~ffi~~$mJLW%~JF~m~*~lOOITTPT3tto 
[ 0 171] 00 5 D ~ ~ t±:11§ 0 3f s{J ~ ooi: 1J A ;t§ ~ jj( ITT ffl T ~ ~u ~ tli 00 11 cp ITT 5t. Jffi ;l:J ITT ~ 17H1 
)l)::fl500DITT ifrEf¥00 o )l)::fIJ¥l 5c 11 OnJ tAff J¥lij~ 00 ft?t1fr1t~102 Ll ~!Jffi)l)::fl500D o frW #I 
560, :£trIJ¥i. JG 11 o PJt=ifa'i~tJiOOftJF 1l iR~IJ t±:l:flfr prn~§~'"jc.Jffi'HR{J oo ft er Rstili,~:tlf¥1 x1 
* o 171J fto , !,zllI 1¥L JG 11 o PT ttfi Mz: ifl jJIJ x1 * Ll ttJ ~ ~tJi f~:i&x1 *, f1p r,,;t; 7G PT i'f~ x1 $ r5c.Jffi1J 
as ±3:!~x1* o tt1mm~r 1§7>tJfi1T *ltkITT ~1~ mHi ( mftom~, R-t, mum, ( 171J~o, t§x1r .¥ 
$j!,lj200ITT) 1ft.'i. .~) *3'Enx og:,r$ITT ~'r1PT¥r5t.lffi1Jl05cl1U~$Llf§ '58{] $,t-~171JJF llZf{i,/'i 

?:'E;j;i tm w er o fr~®~ hllitf rt: er , !,zl:EI J¥i. x 11 om fr &a~ m l'it 5t.Jffi ,n Et':1 ~ m f13tiliix1 * _t tA ff 
g; $fltJ}1tr o 171J~o, !,zlrIJ¥i. JGl 1 o PJ JEUjJF~~ii~ oo fl$m ITT f~:i&x1~, 1t• 1~:l&x1~ s{J :fl~tlf: 
3'f1ftll, 3f Jlrlfm t±:l;f$lYJ f¥J E~!lt x1~ (7GPTJ'ft£5c.Jffi1J) o fr~®~l1ffi1Jft cp, !,zlJIJ¥l JG 11 o 
PT~ff*:i&x1*ITT~~**'*llm~t±:l~frPT~5c.Jffi1JpgfflITT~~~~~ITTfflx1~ffo 
[01nJ frW#l562 ,!,zi:ffl¥LJG110PT 1:,\.tfrm§;.RITTfLfiif%~o itn\.*PT~r~1 rITT ffW~~:ir: 
O) fr$$j!,lj200ITT1f~1~UITTtt1muITT $mix§ ; (ii) ?:'EmJEi 1:.tt1mUITTti 12. (ii~o;u*ti~) ; Ll 
R (iii) AUfuOO:J;SIJ/is (it ~mttl!OO:J;SIJ/is )$ 160BS ~5'J/is) tl!t'ZITTmt.R ITT :rl'aJ! 0 )l)::fIJ¥l 5G110PT 1:lffl 
J)JAh -~~1:,\.;f:frtl~4021~.¥1JITT {J§)~tt<:Jt!:h?ttfr O yj:Jr ':tllll¥LJG110 pJ1J'JflJEfriv#l560~~mu 
BS5c.Jffi1J 1§ t±:lJlfr$$p,g2oo~HJliss $mzJRJ ITTx1 J.IIZ'rio 
[0173] fr.¥$r!3200t#Jlim§;.RS1, fr!P#l~564, !,z:t:fEJ!.l¥LJG110PT£Wr l§t<Sz:1:,\.,rfrITTm§;.R[Lfiif %~ 
loittt1m1J5t.lffi;J:J *ltRITT ji {J§Jj( f O 171Jfto' l§~rj t±:lJlfrmi'.R:tlITT 5t.:@1JJJ § Lt~' ft~ ITT t±:l 

27 

IPR2025-00943 
Tesla EX1002 Page 951



CN 106462727 A 25/641n: 

f,ffitEffii.B.&113':J :StJffi:kJli § m§~,IJ;UfPJ'J!187.K f o EB Jlt ,~ri~'J!187.K-'¥, &1flJ'(i.5Gl lOm~fX 
$$W32oos{] ~¥1 ff'dtt:ff t~tu, ~ 1J:~*1Z~~+t O Jffi.tttftJrzv 1J560-564, &1f£• JG110m iR 

™~ma-ffl•M~OO~~ITT:StJffi~*H*~ffifflAW%~~go~r~m™l:J,R*~' 
&1 :fl• JG 11 om r _1:_ $ ffi 2 oo m --1' .BX~ -i'--B' Ht n[Pj J1Y. , ±Ka r. rnHe it oo 5A fs1i ~ o 
[0174] 005E~~ ~--'=503f ITT~JM7:fJttg-Jj(ITT fflr~T $$W3N4Hi*tt$$p,}j200c:p r1-:­
,t-.9)G$,t---B'BiI.UfPJ@ifl?FWLltt&1fl500EITT¥1rU¥00 o tE-ti5-#J570, &1flJ¥l 5Gl 1 om:tiJ~--'=5 $$jJJ;j200 
*WRs{]iJJtEJ$tW3lf1Hs:: o $$pJ;JN4Hf: m 1!ffl ~:"IMi (x, z) -t<iis:ITT ·t!!,8*-«7i, * 1l. m,8 ITT p;j;j 
,8ZJ8J s{] lfe~di DJ~Al*.¥U5*ITTm!E ~ 0 a-,t-J:JM7JA c:p '&!lflJ'(i.JGl lODJ{tJ:fh~~Oft 
timN! $ JfflJ'tITT ~ ,t-$ JfflJ't*fiJ ~tJJtEJ $$pJ;jlf!1i O &!lfl. JG 110 DJ it.~ '1' $ JfflJ'tz f8] ITT 
AfPJc:p ,8 '* H~O*~ 1/iiil~ITTi.%' f! §;j:§tEJifi1~ITT $ffilf1t1~ c:p mm-1' ,81/iiil~TITTYE 1/iiil~ _m ( f11J 
~o' ~ §~$m 1ffia~) ' ( ~fffia~ mxt Ji T1J ;it!:tE-$.mITT c:p J's]) 01ffia~ ITT 7J [PJ m '!lf 1'r T $$jlij lf!·& 
c:r 8{]fffPJ~ ,8Zi'aJ ITT lRmotE jj-~JMhJ't c:p, &1flJ¥l 5Gl 10m ftffi-,t-$:r]Jl:cttof~-lfl $ 
mm Jjt 11 $$r,s N%1£: ITT ~-t .8 fffiarJ it= 1~• ITT $mm Jjt ITT -~ 1Jn _t t1n YE fiti _;. ( wu ~n, '1 §~ $ 
mf,;~) 0 

[0 175] tl:zv~J S72' &1:f_F12_J'(i. JG 11 om:~J~fr 11:ZV ~JS70~§!ITT $ffiN%1£: 0 &1:f_F12_J'(i. JGl 1 om 1!ffl 
£ r'§'J 73'-~$$*~WI 11:J Ji 1±-zv #J5 70~ Ji s{] tp. $jlij N% fi, ~1i*~ if $jlij N%1i ITT-tll ,1~ ITT~ ,1~ z 
!'aJ 8{] fi!e1~dk1J--r _t rnH~~8"Jfi!e 1~di o flfLl~o, fi!e1~dkm~ Ao .1*iuo. 3*8"Jm!E ~ o ~Hl-i¥L5t 
11 om 11 #HM tmffil r+~'#:r!*~ffi11:J Jt$$W3N% 1£:, ±Km r:1-:x1 m r $$W3 N%1£: ITT-~, *Jjt ITT~ 
itfi!e~fPJ~S (~P .~r*?F$$jlijlf1H£:ITT-tll,8) o 
[0 176] 1=Ezv#J57 4, &!lflJ'(i. JG 110 pJ~r1=EzvBJ572~liITT£ffi $$r,sM4H£:JK:11Jf!YEfiI~ ,8 (l:J, 
:"!Mi (x1, z1) *it) o &!lflJ'(i. JGl l om Jf ~it/Ee~ fPJ .m.sttl:fXfiJ§Ji ,8, * H fiI§)i ,8 m --'=5fiJ§Ji /Ee~ 
tri ru §i st raJ * WR or r~ m El1l m JA 1 o*¥U 20* ITT ru §i 1re: ~ m it• jg $m200 ITT i!J1'. tri ru §i st 
!'§J ITTJf@fRo 15Ll~o, llJJI~ $$W3200ITT }ljjtl¼f f~, fiJ§Jifi!e~m m~1J, ( wU~o, J[.¥LJfiJ§Jifi!e ~fk¥Ur 
~R) om IE nJ )Ao. 5{Y.¥U 1. 5l!bITTfiJ§!st f§JnJ --'=5tE$$jlij20041 r±--B'M.nfPJ@:.1-§*~ITT-,t-ElX $ 
t-1'~tU*f ITT tW fol (~~oJE~M3M~tU:rf ITT ~Jf. fPJ iJt~) J:&&tt o flJU:tm, JE~M3M~tU:rf ITT ~1L fPJ ~~ ITT tW 
folml:fX tR:rfffiu~1f.$J:f ITT w'.?E ,nfPJ Jj(~fl:pf '1tz$imU [PJ ~~' ~ 0 EB Jlt' NUlt:'2fffLlJ:f s{] ~f[[PJ m 
~s{]tWitt~J;.:, fiJ§mstraJ~~rr o 
[0177] 1=EW#J576, &1flJ¥JG110m ¥r1=EW#J57 4,WfiYEITT ~u §Ji ,8*,WriYEBJt [PJ ~~lPfffiaBJt 
$-®~ o &!lflJ'(i. 5t11om Jffi.U:it~fiJ§Ji ,813':J &if tJJ ( wtl~u, arc tan (xi/ z1)) 71HJf!YE~1LfPJ ix~ o 
&1 fl• JG 110 p J ~% fffia ~t $-6ri-~ ;i;Jfl YE jg ~n. fPJ ~~to r'§'J * -'ft~ tu tW fol s{] :J1HR o ~□ * ru ~rs' JEe ~ * 
&!lr r~~ '!J!U r'§'J ;]( ft:'2tLltWfolm~r: (2/fiJ§JiS1fsJ) 0 l:J, ;It B7JA' r'§'J ;]( f1:'2tLltWfolm~r: 
($$jXg200ITT21~i!Er/fiJ§Jifi!e ~) o 
[ o 17sJ 00 5 F ~ ?F lli --'=5 0 3f ITT g; ir'tii 1f :ct ;t§ - It ITT ffl r ,pJfl YE fir /4:: ~ ~ ~ m ITT ?F wiJ'tl &1 fE!1. 
500FITT llrU¥0001=EW.lJJ580' &1fll'j1 JG 11 om,Wri5E--'=5fiJ $ ( flJUfto '1T Jt!:1±$$p,}j200zfiJITT $$plg) 
* WR s{] 0' ~n. 1* ,g o wtl !lo , ~fl• 5t 11 om 1t m _t Tio~* oo sA;f P oo s B:tm ~ sq tt7l(?fnm JE ru $ ITT 
1:fI'J! ,:®:& ( wtl~o, 7:f [PJ to:®:&) tO/ElX}]Q:@:& o&!lflJ'(i. Ji;l lOif: PJ f!ffl_e TIU te if 00 5Efs'i~ITT tt 
;;,f(~-fHjij YE-,t-ElX $ ,t-il~Ji $ :rffl rt:, (--'=5 $$jXg200~~ITT) fiJ §Ji ,81 P/ElX ~tf f$ l91 ~lJ21 ( wtl fto, fs1i 
~ru ¼*~ITTEt1I:ITT-t~.,~J o 
co 179J aw;15s2, &1fl1¥ JGl 1 om **Fi aw JJJ5so-wriYEITT--B'BJt 1* ,~, 0 a-,t-~JM1f:it c:r, 
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~fI• 7t11 om it$tltttiihN*~--½m:NZ.$Jm:it ( 17u:tzu, ffr3@f N3f;~) zJsJ Et'J ftf! lib o :tzu:Wdfr3@f N* 
~ s{J it Me~ B"J 1f &~tt filbE I~ fi ( 17u :tz□ ' ~ H ilH4Ll.79 0 . 1 * f U O . 2* ' ~[@'. ey ail B"J mft% L 79 
o. 3*iLlO. 4*,:# _§_;gn;IJ~ail ITTi!~J!l:-.790. 5*iLlO. 6*) , ~fl•5tllODJ11Jfl5E: AfJ$DJ~t~ 
mo a~~m,J~ ~ 1" $ffi ff i!ttt$ffi2oozH1T D"1 ,rg,5G r, ~£I• 5c11 om tt t11=Jm t· $ffi-J:-.1+X 
s{J ~'ti8/;JJ 23f;~ o ~rit H~ $1, ~:EI•~ 11 om 11Jfl 5E: il'ti8 /;}J 23f;~ 1=3,; B $$W3 ITT il'tifJ t91 
N3f; ~ ~ IZ1 @c lfl $ ffi m !'ft ~JiL ~ fl-'¥'. 7t 11 om jj J~ ~t' C 1=J §U $*~in) ti ti~ M N3f; ~ lfl ail $ 
1=j fiT $ ff Jtt ITT il~J! IX ~ ITT fil-! 1,,M ail $ tt f1 0 fil-! 1,,M ail $ m })Jtl! ~ Jj;jfis ( 17u :tzn ' tfu ~ Jj;jfis )$16 0 ITT 
it1E) , mii $ r-v1J:t,,; B $$pl;JITTtlt~:f$iJJ N*~, *rmiiITT J~~ 1-oiR~z q:i 1tmz O :tzo *tit~ 
8i}JN3f;~ ~mlE![~J9:ITTfil-!1A ail $ITT ail $~~ttfil-!5El~ffi, IJ!iJ~fl•5Gl 10DJ11Jfl5E: AfJ$DJ~t 

[0180] a~~~JM1f:it q:t, ~fl-~11omaJ:lf*Rt!'sJ~ (17Ll:tzo, 0. 5f!biLl 1. 5f!J;) l7'J ~%fiJ$ 
8{] ~nst 1ftl'i1=J (1=1 $$ll§200*~1n) §U~! ,12. bttx-o :tzo* §u· $~nst 1ftl'i 1=1 §U~! ,12.zrsJ in fte 1~ a 
~ftotrsJ~1JHsJ3Nt, :# _§_~ft ITT~ it ,1;t5¥o~tttJJiJEI~ fi (17u:tzn, 2f;_aj]tjj!4t J-.790. 3*¥UO. 4 
*,~[@'.~ail ITTmJEi I.7']0. 7*iLlO. 8*, :ff _§_~jlj~ ail ITTmJEi I.7'.)1. 3*iLl 1. 7*) , IJ!lj~f_[[ 
•5t11om 11JH5E: fiJ$ mi'fg~j]t o1':~~~JM1f:it q:i, ~:f'l!•5tl 1omimttti:f·fA3@f lE3f;J21fffilITT 
OO~~lib1=J~~8~~~ITTffimail$~~**~~~8~~~ITTAW%~ 0ffimail$*~ 
mtlHErffi8{Jit .. *11Jf!JE: (oz2+ox2) /2/ (ox) ,,;q:iox:R~fffil8{JfmiJ1bJfte1~ ,:# _§_oz:R~fffil 
ITT W-~ ]Ee lib O :tzn ::WJrfilITT fmU ~ fte lib 1=JtJJi1A ail $-z_fs] ITT &~UJITTJEI~ fi ( 17u:tzn '500*¥U700 
*) , IJ!lj~f_[[• 5c11om11Jfl5E: fiJ$mi'f~~mofr~~::tiffiI1f:it q:t, ~:EI•5Gl 10m ?J\.tfrfiT$ITT 
1ftl'io :tz□ *lW-+F1"11fIJ'i¾t_ffiE T m~4t$J1n:it ( 17u:tzo, fiJ$.1J_ffiEtEm~4t$J1n:itR{J J}nfm) , IJ!Ll ~fl• 
5Gl 1 om11Jf!5E: fir$ m/'it~iliL frfrr $ITT 1ftl'!111~ Yi~ $Wl1Ez~1mHftrfrT $zfrT :# H w;j ~ $ 
$ll§B{]tl'tttiMN3f;Jit~-fff ITT't~OG r, ~fE!! .• 5Gl 10m11Jf!JE: C~J~ili:B{J) mT$mi'rt~mo 
[0181] ttz:l:7.lJJ584, ~fl•5tl 10m ¥ T ttz:l:7.lJJ5821Aff ITT *1Jr*T~k §U $200~~~mo 
wu ~o, !iltfI• 5G 11 onr ~raw IJJss2-rAff s{J .:g.~73\.tfr ITT :IJo +x f t)J *1ti t±:1 ,pjfj 5E o a~+.¥ ITT 1f 
~z i--·, 17U:tz□, ~:EI• JG 11 o¥r~5E~:JlM R"1 ?J\.tfrft! t±:1 A{] fiT-+ pJi'ft~mfl"1 lk:5E PJf.&:73\.jlljc{i1I 
"1" (®"o" :R~11Jf!5EfiJ$~mi'ft~m:) otE-ti7.lJJ5821A1rITT~fBJ?J\.1frm1Ez73\.@c~fBJ ITTi-X~, :# 
~0*ITT~~1f:it:#~~rffW%5Effl~ITT*~~ttfflo 
co182J ~6~~t±:11=10*ITT~OOI1f:iti'§~jy:ITT fflr¥r iL 1t~1i*tir*r,1t.~~AA$~ 
s, JIDt~[nj@ Et'J ~ WH':l:~fI6ooEt'J mu¥ oo o aW JJJ61 o, ~:EI• 5G 11 om t?: rn i51JJisJt □ 12sJtt1i~ 
~ :f-o~ -. $~~11017u ~□, §tia ~ 11~mz• ]Gl 20 c:r s{J t§tJ L c ~:tz□ Ji~:t~tm2025¥0204 s"J ~ 
fiM"~~'i"1122,fo124) mM"~$$\VJ200 §U 1f ITT ~1.gxfl"1%~ t□%=$'i"~fi:# Ht?:~Ji::+Jt:ti 
(17u:tzo, USB,3c~ ,M5f, ~~) ~%%~to%=$~00{i:!t~iLl91:fl•5Gll0ofr~®~JJfu1fA 
c:r , 91::EE!!. • 5G 11 om~~. EE W3 ~ AAJ! $ 'i"'lttE:ti u :ti tli ~ ~ 5¥U ~ = $ ~ ~ 1i o 0 *ITT~ JJtli 1f :it 
~~~~ffW~~ITT~ffl~n~~AA~~o 
[0183] tE-ti7.lJJ620, !,lcfl•5Gl 10m -rAff iL 1~00fJ73\.ffrt-~Uk:404*-rAff~~5¥0~= $~~ 

~ITTiL~~~*~.~~m$.~fiT1fillt~ITT-~tfu~~H~~~~l7'JITT~hl,~~$.i!lt~ 
ic. .. $$\VJ ,1T A .. m:JEii-i.'t, ~J!0JEit±:I D lilim,5(Jffi)'.J .. m:JEim~i, ~o 1'11t001i?J\.1frm *mz 
~fµJ r J-.oo~e~~5A~005DWi~ITTtb.lJIITT1f:ittAff o-171):tzo, ~fEJ1 .• 5GllOmtAff iL ft~fi 
* tJrtJU1Ho4 ~ tt1mu~ ~ 5¥o~ =$~~ft l7'J ITT f~J&x1 ~ c 17u :tzo, $$W3 .. ff A, lf1Hi, j(JffiJT, m 
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~if~J&, ~~) , ~T-~1r/11i1tE*tt1!! t±:l {i~ili:xt~Et':J-=f~, # _§_=rA:f-f ~llliJY,5:,\.,t}r, ~~JUiH6 ~ 
fF,/iJfl5E;lt~{~:i&x1ZzB"J l'i {1§7J<-'t O 1=tJAff __I:_ rniB"JzvibJB1' !,ttJ]l. JGl lOP} ~t!t* § :W;-5f,Offi 
=$~00fJv];j#ITT{1§,@,, rm~~•1!k* § -tllOO{lITT {1§,@, o'f7Ll:tio, !,ttfl•JGl lODJttxJ· t±:lJ~fr 
ffi-ffiffi=¥~00-~~$~~~~***•~*~~ffl~*~~~~M~OOmili~$ 
B"J;lt'f:;}y:ffl-=f~) ITT&.~iJ ◊1f 7'J~-~17Ll, !,ttfl•7Ll 10P}:@ttx.9i!~x1Zz t±:lJ~fr$~00{i$ 
ITT-~~$@~t±:lmfr~-~$QJZ#ffl~rt±:lmfrv};j~00-~$ITT~ZzpJ~~frITT;lt'f:: 
&.111J *iii"~ f~:i2tx1Zz ( 'fJLl :tzn, t§xt+ $$pij200) ITT 1:vJilO/ElJZJ!& o 'fJLl :tzn, t§xt+ $$pij200 ITT 1:v: 
JI ,Ji&lO/QJZjJoJi&DJ ~T -'=J t±:l J~ fr 00 {t W:ITT-# E1Xv};j #$ITT xJZz~~ITT ~1-iEITT ~)L~, 1ft 
JI ,;f.$i}J~·t1~~*1fftl}E 0 

[O 184] frzv½J630, !,tt:fl• JGllOP} ~TfrZV½l620tAff ~ 71\.*:fO r. ffitaif 004fa'i;l£ ~tt~t 
*=rAfr-@Bfi:n[n]@,tJ~408, ~fr$$pij200$ r"t-~wt$~-@Bfi:OrnJ@o'f7Ll:tio, -@Bfi:nrnJ@PT-8=r2i 
$6'~ ,$m~1ft ,JJUJ!ntr''.£~ ,J!J1tr''.£~, tLliJJ, ~ofr-®~JMh:it$, !ZtJIJ¥i.5tl lOPT 1:tffl 
;,A. tAff JI& to 1Jn JI&,t$t~4o6 $1~ ¥U ITT~ tM, ~ r: "t ··t EllZ $ ·t W:Bn: nrnJ@ o ½ !lr , $ ·t w, Bn: 
n[n)@PT lnl BJ J1:m1,xEllZ~;ttfffriHllif w2:z~ 0 

[O 185] Ff] 7 JE~ t±:l-'=J 03f ITT ~JM7J:itt~ -¥xITT ffl T~T :xt ·Jll Ff] ft BS 71\.;j;Jr*r"±--~ Ej)Z 

$~-@BtnrnJ@ITT ~vLlt:t!Ztf!7ooITT 1JrEt¥00 0 frzv#J71 o, !Ztf! ¥-7Li 10PT fl EB JxtJ~Hi □ 12s:ti 
41<: ffi- , ffi =:fo ffi - $ ~ oo 11 o 17Ll :tir:i , 11Ht fr oo ft$t i+x J¥i. 5t 120 $ ITT t§ m ( m :tir:i Jtinm :rm 20 2, 
2045f,0206ITT ~ {l1m$t~n122, 1245f,O 126) PTM$t$$pij200fiJ1J5f,O/QJZ f~UOOITT IX±E-tITTffi ·, ffi 
=:fom- $~00fl# _fttl}X'¥3!ti ('fJLl:tlP, USB<X~ ,fil;f ,~~) ~'1tm-,m=:fom- $~ 
00 fl1sti5¥U !,ttJI• 7G 110 0 fr-®~JJm7J:it $ '!,ttJI• 7G 110 Pg£ EB -1'- ~ __l:_~tlisti D ti4'.lz: 
*- ,%=lo* - $·t·001t o 'fJLl:tzP, 001ltrl5$t~J!.122, 124,126$ ITT~-i'-J:5JPT Jf._ff ~~ITT~t 
ffl ti D ffl f -'=J !Zt JEJ1. • JG 11 O:@{ 8 ~ ffl o 0 3f ITT~ Jlfu7J :rt 3f ~ rlt r {f {Pf~ YE ITT~ ffl ti D ~ m: 
AAt0,iSzo 
[0186] frzv#J720, ~JI• 5Gl 10nJ 71\.f}rffi-S~=:foffi - $~0011~1&~U0011V-J ITT~1iE, 
m :ti□$ i1Hi-ic ' $ $r)9 ' 1T A ' m: ~:& ,fl[\ ;t ' r\§'J :®: i~ ~% t±:l D lffi. m: ' 5c;@ ·)T ' m: ~% fu;p,~ ' ~ 0 i~ 71\. ;j;Jr p J 
*IR~fi;f, T __I:_ 00 ~ifOO 5A~005D;f0006fa'i:i£ITTzv#JB"J1Y:rttA1r O 'fJLl:tz□' )(HI• JG1 lOPTx1% 
- , ffi = :fU ffi - $ ~ 00 ft$ ITT~ ~tA 1r • §lt 00 ft 71\. ;J;Jr ( {71) :ti□ , ~?. EB tA ff• §lt 001t 71\. ;J;Jr ffi tj( 
402* _§_~f 1:. oo taif oo sA~ oo sofa'i:i£ITT w #J) o iH-U!h, !ZtlI J¥ 5G 11 o PT xt ffi-to ffi = $ ~ 
00 ti , ffi ___: ;fo ffi - $-i" 00 11 ;fo / ~ ffi- ;fo ffi - $ ~ 00 11 tA 1r il ~ 00 fi 71\. tfr ( 'fJLl :tiu , fl EB tA ff 
idtOO fiJ}tfrtl~404# _ft¥f __I:_ 00 titrif 00 6fa'i~B"Jzv~J) ◊xt@fffi- ,ffi ~.lO/QJZffi-$ 

~ 00 ft RS 71\. ;J;Jr ~ M:lIFn ~ {1§ ,@, PT JJP Ll rnif o fr-®~ JM7JJ'X: $ , !ZtlI• JG 11 o PT tA 1r • 9~ 00 
fj 71\. tfr 10iL1*001171\. ;j;Jr ITT rn if O 'fJLl :tz□ ' M: fl. JG 1 10 pJ x1*-$~0011 tA {T. 9lt 001171\. ;j;Jr 
( {71)~□ ' i?. EB tAff •§tt 00 ft71\.;j;Jrffitj(402) l:J.Ecxtffi=:fuffi - $~001t=rA1T iL 1*001171\.ffr ( {71) 

:ti□ , ilEB=rAff iL 1*001Zt5ttfrtl~404) o 001i1m$t~1i.122, 1245f,0126ITT~m (·@Jjs;lt;t§@:1:ih,~ 
:fo i.1JUm 202, 204:fo 206) PT ~ornJ xt ffi-, ffi = :fo ffi - $-i'" oo •Jt!: 1r ITT 71\. 1Jr ITT ~~tL 0 3f ITT~ JJfu 

1Y:it#~~~ r~5.Eti:J:ii!i:ITT OOfl1m$t~J1122, 124:fO 126, AA~xtffi- ,ffi-----:loffi-$1'-00 ft 
Jt!: 1r BS 71\. tfr ITT~~ o 
[O 187] fr-!~~ )Jth 7J:it $ , !,ttJEJ1 .• JG 11 OP} ~T frW #171 O:fU 720$tl{l(#71\. ;j;Jr ITT 00 ft *=rA 
ff lUJElOOITT1~U-ti◊ :i.Kt-¥:ITT 1~~-tiPT ri'iJ *~~mITT OOiZZM$t~jiJ22, 1245f,O 126tl1~]UJE1 OOITT 
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!i1f 1t'~i~ti't':J =ri't~M:o17U~U, !lcll-'¥'.5Gl lOP},!ijfJJE "~ixnrcr" ( ,WiJ~U, *;Jf.100~ lf ,iijfjj:fil,!imJEff 
tE-$$\lfJ~ff AB"Jtl15t) ;to"* ;t cp" s"J b~ 17u o 
[0188] fr!P#J730, !lcll-'¥'-5Gl 10DJ¥r })Sf'£- ,ffi=;foffi - $'1"001l cp ITTp;J;ji"f :fi.¥U ITT{§ 

,@, *tt$ffi200cp r±-1'~¥1'-B'Hf!)l[PJ}ll7. o~:t:iffi- ,ffi=;foffi ~ ¥1'00 {t cp ~W,f 1'f pJ)l£ 
~r ~f~ [] ~, ,Wlj:;ip, $'1"00 {i cp ITT4lt'i"cpfft1~U ITTx1W-ITTzli3!: §I , ~~;fP:;k1J\ o !lcll-'¥'. )Gl lOkE 
m ¥ r 12), r ft! t±:1 ~ 11 : oo ft mt~ ;fo 7:1\. ¥Jf¥ , oo ft er &~tin ~ 5('~ :tf tm , i1:ttm ~ $'1! in ti B , * 11 
ITT • ·t-~ $ t-x1 ;w_ ~ ~)]\ t±:l lj!l tE $ff( cp ITT ;f~ Jl'. C ,Wu ~n , x1 ;w_ t±:\ lj!l ITT $ff( ITT s 7:1\. b~ , t±:\ lj!l tE 4lt t-3K t+ 
s"J $JJ cp ITT M ;w_ ITT b~ 17L ~ ~) , ~ o 
[o 189] tE - ® ~ JJ1h 1J A cp , !lcll-'¥'-5G 11 o DJ J!U~Hifl 5EJA -'1" 00 {i ~JHi .¥U ITT {1§ ,@, ~ JAJt B 
oo•~~~~ffi~~-~~~*~~Mffi-,ffi=~ffi~¥1'00•cr~W-f1'f~~~ffi~o 
Wu:;io, !lcll-'¥'.JGl lOPTf'.ilif JAOOfim~~irJ22, 1245fP126cp ITT4lt'1"1iiUITTiEz!lcll{1§ ,@, (~it 
;®jj)~i.~~ 7:1\.tfr, 1', 1t7:1\.1fr~p;J;j i"f in fffPJrnif) ff_§_ ,i;mJE~~JA001t=rm~~l'i122, 124;to 126 
er ITT 4lt·t-;/m~ITT ~ {i~l~ ·¥3z:ITT:t)['.W:tl't~~g: ( 17u~n, $mtiii2, iit&1~U$$\lfJ2St;lt:lt'1,85fP/~ 
N~HS': 'iit&~Ux.Jffi;):J '~~) 0 !lcll-'¥'-JC 11 OJ±P}flp~ff; ~~*Ez;Jm~OO fi~-¥3!: s"J fa,@, ( ,Wlj:;ip '~ 
m:sq -$.ffi' 1~~~tl:iB::$ffi200ITT -$.ffiITT -$.mtl~ '~~) 0 EB rlt, !,lc:f~- 5Gl 10P} ~f-~;fp 
~-~ffi~ITT~5E*~~Mffi-,ffi=~ffi-$'1"00ilcrITTp;J;j~ffl~ITTffi~. 
[0190] {71j~p' -B'flfI)lruJ@pJ t'Ltt$6'~' $m~{.tr' :IJui!JJfi')(~ '~ 0 ~llJ¥i.5Gl lOPT~Tfr!P 
JJt72otA1r ITT 7:1\.tfr i::J,htJ: oo ta fi ~ 4Wi~ITTtt#*r± ··t-~$-t-~BJi:Ofnl@ 0 !lcrt1¥L 5t11 o 
J± m 11 m Jktt~ 1r JtJl'. lo 110 JtJl'. ti:1;1Ho61i .¥U ITT tyJJiii , I::}, r 1:.-'l" ~ $ '1" -B' BJi: o(rij m O a-® ::t 
JJ1h7JA er, !lcll-'¥'-JG 11 o PJ ¥r $$\!13200!5 fffPJ*-, *=;to* - $1" 0011 pg ITT il!zt&1~Ux11ffe 
zJRJ sq t§Mf.trff ,t§x1i!Er1o/~fflx1;1Joi!Et*r±-'l" ~$'1"-B'BJi:o(oJ@ o $'1"-B'BJi:o(oJ@PT 
~ st , J@nx .!:!JG t~ ;tt ff f PJ ~~- if rm it*- o 

[0191J -$.m~~iR~iJ*iJE 
co 192J * ;5t1oonJ1::J, i9'i,11q;#i$mi~1PJsttt 11:, * .fi=i1&~~U.¥Utt 11:st, ft~ t±:1 ~ ~o-$.m~J!: 
R"J tE$$p;Jg200 ITT ~4t ff er ITT o[n)@'~i-B'BJi:~1!: 0 ti:m: PJ 1\'t ti:$\!!3 ITT 1\'t 5E~ tfflP:JJ hnt~4t:f5':ff _§_ PJ Ji 
1f tiic.:iiIJ'f. ( ,Wlj :;io, mJ4t J: ITT~) ~*iriic.:iiIJ'f. ( '(Jlj ftp, iliiJ4tN4t:iiI 3~N4t~l1i~, 1?1~, f~ ]JJ' ITT$ 
$)1JJ' ~~) ~ ~1 * 0 * ;Jr, pJ l:l, {'Z ¥ T f)[ 1lt {§ ,~, nt1T ~ {t 'rm~ :Jfd&j~j:fil 00 tttm *Jtt 1T 4: m~ 
~Wfl ;E O 1't rm' tE-®'tfH£ r ' * tJE pJ I::}, {&ljj:fu ~ JJ!:ffl lP t§ x1r 1T $E B"J -$.m ITT f)[]t {§,~,ITT ~a 
ft oJt!:-W' ~~ *;JEP}l::J,;®n-$5:§:gt Jti't':11i+txJil~*i9':j]IJ$mEl':1~~' *;JEj±P}l::J,;®n,WiJ 
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AA-n\.tfrB<Jrit JJPJi!e~ o ~ T L~ITTJi!e ~c1-c4~J jr, *t.kl00iEPT 12JJ~WeJi7'Jit•¼m810t§X1 
r 1=J 1~$il:tt§*itks<J~,tAA~$,t $m~~5RITT fte~w1lPw2l:J,R 9'l ,8mo ;r'jJJpa~;mst, Po~ 
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lOAcp Jiff~, Ji!l2 ~w1:fPw2~r~U;1o06w o *;JUOOP} l:Jtl 83 $i§:1E{:V:1f:f:j'(920tEi&JE8':J St!'aJ ,8 
*JE1J=HiliJ~i~;.$m81 OBS lie /t?bw1lPw2Llht cp ,8mo 1:rlte /t?bw1lPw2mi 1J,, 5f,P/BX:tm* cp ,8mlPJ 7b"BX 
rnJ tr:f!rmf$, IJ!Ll*tJE100DJLl1iJfJJE$m8lO§P ~'13jt JtJt 1l rmJ!Jt AiU;ij- $mo 
[0206] 0011 fyrj~ T 1:50:ff O"J ~iffii::1fA;t§-¥~ O"J ffl rf&~YliJitxt $ffios $m§t Ir. O"J :£t:fl 
11000 :£tlll 100ITT;)v!JJ!frij LlJ!U1:£t:EI. JG110, 00 ft~it:• JG120, {ft.'i. {t!®ff 130, $mt"J'!R 
tl:f:R:91 o, $ii1!JE 1fttl:f:R:920BXihfFtl:f:R:930cp 1¥1--tBX~~-1'-*tAff o 
[0207] tE;)v~f 1110, :£tI~l lOOP} §tis: {ifflif:d> --t00fiffl~*l'i122, 1245f,P/BX126*~ 
Jt:$t~2001ru:1f ~~ITT ~d>--t 00 ft O i~ ~ ~~DJ Ll §tist¾11Ul'i ~ $mti Jt ITT {a,@, ITT ~d> 
--tm:Ji!-iHi.:t (iiftPmlf4Hi ,:t 1002:fP/BX1004) o:£tll. 5GllODJLl;@uJ5tjJ~Hi D 128}AOO {t 

MiJd~.'i.ti41<: ¥-1'-00{lo rtJ§, ~d>--tOO{tPT~J;@tt:£t:fl.5Gl 100"100 {t:£t£Iff 190*~ 
Rt JilinHT :£t:EI o 
[0208] a-;lj:;_~fl 120' :£tlll 100P}l:JJA ~tfl;tE~ d>--tOOftcp 8s ~d>--tmlf4Hi.'tl¥1*~ 
cp t¾Jt:$m§i lt(§ ,@, 0 i~t¾lt:PT Ll 83 ~ft:£tII~:H90,$m~"J'!R:t~~910BX$m;E{fttJt~920 
cp BS - -t BX $-1'-*11~ 1T O pJ Ll JA 00 ftJx ti cp t¾ J;[X ~ 1~ $m§t Jt fa,@, 017Ll fto ' tE ffi fto § tis $-1'­
qf ~1 $m ( ffifto $ms 1 o:fris20) ITTmlf4rnooBs m Ji!i -1:::, JiJrt¾I+R ITT $m§i it{-;;,@, m Ll g 1iis-rnu 
$-1'-if-ltt cp ITT QJJ~ -t if.Jtt§p ~~Hill o a,; E ~00i::1f A cp , JikrJVtz ITT -ff Jtttt ll {1§ ,@, PT Ll g;j:;g irJ 
$mti Jt !fl Ji!e 1't!i O 00 ft :£t:EI ff 190' $m ~"J '!Rtl:f:R:91 O:f P/BX$J!!JE ffttf ~920 pJ ~_;]_ iR 11rJ --t 
BX £ $-t x1 ~BX$ m ~"] * ' Ll m AA ,JijfJ ;E l'L~ $ m§i Jt BS !Ee ~ 0 Ll ~ 1 OAITT ~ ,Wlj 7'J ,Wlj ' JAJjJjkf 
ti D 128ti4~ITT-'i'-BX£$'4"-00ftPT Ll Etismlfiti .'t 1002lP1004, Jf _§. PT Ll {f T'Jmlfi as$ 
10081¥1-i'-E-s! it Ll1iJflJEtE+mcr flj~i¥JJi!e~ 101 Oo tE-®~iffii::1frt: cp, as $10081¥1 {13.*~ 
PT Ll 5Ekidfuttl nx;PJrt¾Jt: ITT $mtt Jt {1§ ,@, o f'F J'J:£tfIPJrt¾lt:ITT {1§ ,@, BS -$73'-, *;JE 1 oom Ll {~ 
ffl {ft.if. ft !®ff 130*,JijfJ JEfA $tp,g200 jrj JifriRirJ ITT X'J ~ ( {71) ~Q , $m ~"J JR) cp BS --t .9-¼ $-1'-ITT ire 
~ otE-®~JM7fA cp, *iJElOOP} LlJ!R.ux183 --tBX£$-1'-00 fiffl~~.'i.122-126~lt:ITT 
--t BX£ $-1'-001int1T71' +Jr*,Jijfl 5EJA$tp,g200 jrj pJriR 111J BS x1~ ( ,Wlj ]lQ '$mf,nP.:) 4-1 ITT --t 
BX $ i'-RS !Ee ~ 0 tE,; B ~ JJlli :1f rt: cp ' ~ ;JE 1 00 p J Ll Jffi U f! ffl 831ft ii. ft!® ff 1 3 0 t¾ ftt i¥J Jt ti ;fQ 

Jffili83 --t BX£$-1'-00 fttrl5~*-J!J22-126~lt:ITT--tBX£$-tOO ft BS 73'-1frTTu~1~ITT Jxtfrif 
Bst~.ir*1iiJEJA¼$p,g200¥U--t BX£$-1'-JifriRiU ITTX1~ ( ,WrJfto, ¼m~"JJR) BS ire~ o tEW ~I 
1130, :£tlll lOOPTLl~r $$plgITT {ft.if.ITT ~d>--ttl'i~Z-1*nft!JE$$~ (-iifto-$$~200) ITT1ft.'i.o 
$ffi~~.'i.~~&--tm~~PTLl§ffl;@tt~~~~IA,~~*.ir.~ffi*(ffi~~.'i.# 
/®ff 130) ~it:ss {§ ,~, 0 ;1j ½UfilBX;jjJHth' $$\!,138/,J {:V:J'f.BS ~d>-"1'-1~~i1 PJ Ll §;j:r§;@ttj'sj :ti 
1~~~~1~1¥1 {1§ ,@, o 17Ufto, tE-®~OOi:1fA q:i, fft-'i.RS ~&--ttl'i~t1PT Ll §1~$$[JB2oom Ll 
1r#1ttmlfisoo-1::: ITT $'4---$m':13 q:i ITT ~~-t *™ Cffiftr1$ms 101ris20) -1::: 1r#1ITT*)['.%1iiJE o a 
~~~~7fAcp,tt.if.ITT~d>--tffi~~PTLl~M--tBX£$-1'-~'.%1iJflJEo~~mJEPTLl 
lffi tH~ ~~ "1~~ Ne{)<." ITT :1f A 83 00 fl~ Jt: J'j'L 5G 12MA ff ITT$>: f tj: tl'i 4-* ][ ttm IE , AA i'r PT Ll JA 83 
ii fi)l]::EI@19QJAi5dFistt D 128titl1lITT ff_§. 83-'4---~]! $-1'-0011-si~*.'i.122-126~lt:ITT 00 
~~fflITT~~cp1iJflJEotE-®~OOi:1fAcp,tt.if.ITT~d>--tm~~ajLl§M~+m~JtITT 
Ji!e ~ BS*)['.%1ii5E O -i~,ii}fjJE'f7iJftopJ Ll 83 $mt"JWJJ:J}(910;fP$m;E{:V:ttJ}(920~r JA$twl200 
¥Ll 1:5--t BX£$-t ¼mt§~~ ITT mfisoo ITT--t BX£$-t ¼m~"JJRITT Jitr1ift!JE ITT ire~** 
ff otE,;t:~OOi:1fA cp, {ft.if.ITT ~d>-"1'1§~1-1f PT Ll 'E1tislLl~=$$~ITTNe~ ITT*)['.%Wf!JEo ~ 

35 

IPR2025-00943 
Tesla EX1002 Page 959



CN 106462727 A 33/641n: 

____:.$$p,ljpJ ~tE$$p,lj200Et':Jfrrffi{f#':to~~_t ffit6tt00 lOB=rla~Et':J :rm>R o ~ iL1BHiJfl5E, {\'z:J'i{§ ,@, 

wJtmLlitZf{it'tE*t]ElOOpg g~, m:ti□t¥{it'tEt¥{it'~140/1509'l, ff Ji PTLl:tio_t::zf;+fif009Jifri:t 
itBS:®rl$mJE fftti:i:k:920*5E1jJ1t~;lHr £WT o 
[0209] tE-tv~Jll 40, ~:fJJ lOOP} ~J (4r* f'i W~l1120ITT Jikr)E)RDI.J $m {1~L@,l□* f'i W~I 
1130ITT },A$$rJ;JfU~~wt£$~ J1H%800$mt~5RBS JifipJf!JEITTlfe~) ,Ji}fj;E$$p,ljiftE1T#1ITT '3 
~U$ili~~ ep ~1H1 Jt O :tio_tffijffi'& Ji)r:j:a3~1fl ']UJElOOP}~ pJf!5Ei@:/f%800 pg lfl1T#!f$m (m:ti□ 
$:i]!8105f□ 820) ITT ti~~~ 0 iYU:tin' *tJE lOOP} l:}},AtE$$p,ljfrr mi ITTmft%ti ,ct ( m:tin t~:tf $$p,lj 
200iEtE1r#1ITT$mDJ Ll1~'~t1 ltITTmR:/Hi7t 10025fP1004) 9'l t~J:fx {a,@, 0 yj)'r 'DJ Ll {!ffl* 
tJEl OOITT :S-1~ jf;{tf:*Jtt1T fte ~ ITT )U~ 0 iYLlizo '{ftl'i {t~ ff: 1305fP/AA$m;E fftti:i:k:920DJ Ll ~4 
§;j:3$ffi200ftp$mol.J~~~:®frpg ITT AT $)]!810/810 pg ol.J$ffi2000S i'§x1{v.JIOS {1§,@,1,t 
i!IU~:fl~)Gl 10 0 $mITT~~ pJ Ll~r Jifi~Ll_S:ITT!fe ~wt4i·f~'.%PJf!JE (iYLl:tio ':®ttx1 EE~~ 
,B,lt~$~OO{itrln1t~l'i122-126~Itz8s~~AA£$'4'-00{iJt!:ff7:1\.:j,Jr) 0 
[0210] :tin*~ll~ 5G 110},AJiJr~ltZITT 1§ ,@, 9'l ,liJf!JE ':1§frrff #1$m:T,t1 lt (-j;~f 1140: ~) , IJ!U 
~:fl 11 oo PT Ll ~@I ~7f ~ , :ff _ft* ;JE 1 oo PT Ll tl~ ~ i~Ll $$p,lJ2001§ x1r ~ ':13 fir 1r #1 $m ITT~ 
~ 017Ll :tio' :tio * :I]! R,lHi ,ct t~ ~ $:i]! EE T :I]! Rt §ti& ffij ep ~~t1 Jt ' Pt ffij '1fLlE EE T ±~17Ll 3'r ( ffi :tio 
~~--I ff E3 wt~B[:J;]~) ,~~i_t))t~IAwt~ijp~HmtEt'31iif.l!L IJ!U_t~tt,RPTLlr"to * 
t~ 1 oo:if m ~~ 17Ll :tio ~ dJ $ m t1 * ;tt :f:R:91 o* ,pJfl 5E ~~AA£$ 'i" $ m t1 * 9'l lfl ® 9;0 .¥U ITT fi :ti 
pJL)_ EE rffiITTAAl[aiD1ITTm£%t~A' AA~PT Ll §;j:js:i]!jj!% _ts(]§ Pt ail 3$ 0 ':1§1t '$$rJ;J200ITT ~#j: 
in (:tio*~ITT1%) 1JJ~~1lJ§;-f.iJJ~£$mo 
co211J yjm:tfu,:tio*~tJE100,liJfl5E':13frrh#1$meP~4t1Jt cw~i114odr::) ,IJ!U~r11100PJ 
Ll Jt!:1r .¥Ll tvlJJl 150 o tE-tvlJJl 150, ~lll lOOP} Ll {ft~ $$jl,g200~'1f$:i.l[~£)".1Mlf!800ITT :T,t1 
ltITT ¥1~~ $mo~:ff ~5Ll 10PT~:H~. EE i}Jf'J:::tl:f:R:930*fPJ 1=J $m2oot§~~ITT~~.9-Q£$ 
~ **JE1:zi!t~4-oiYLl:tio, t~4-PT Llittzi!.¥U$~ rtJ **JE240, t~~$$rJ;J2oortJ li:AArtJ 1:i:ff A.¥Ur 
~ $ m 4-1 0 nJ Ll 1:zis ~ B :f~ 4-; 17Ll !lo ' 00 {i ~:fl~ 190 nJ Ll },A~ s,t 00 {jfJ;x :rhif 4-1 pJf! Ji: X. ;® 1w Jt 
iLep it3f.¥U r· ~ $m9'l otEi3:®~ME1J:r:t: 9'l, t~·~ PJl:J 1/f ;t;*1,t1,ti!.¥LlfffLliJJ~tJE2305fO/AA~ 
~{1§1%1~fffLl*iJE, ff _ft$$p,g2ooml:J~i!AAi"Htil lt, 1L~,JH~.Bsffi$midt:ff AoJltS1, PT 
~J fjljt t±:l x1~fPJ *t.ft220ITT t~4-:ff Fl.-¥$p,lJP} l'J~~ o t[~!~¥1m~JJ!fi1J:t\'.: 9'l, tE-¥$pij200irJ17:1\. 
:l:fuAA3'E:iJthtEA~-{f~ITTt~$Llz rITTtfH£ r, j;JJJ1150P}l:Ji'§lx §;j:js"t:_Jvtx1.{f~ITT:@ 
9;uff#~$m:ep ~:ittt lt:ff _ft rmJf$m:~~Et':1 &~ o tE~®~liuI1J:r:t: 9'l, :tiu~A~•ft~tE~ 
5EBSB1!'sJffej:pg :T,x1 & ~fjljy: W U[nj@, IJ!Um:tio*t]ElOOSI.J § i}J~;JEl:Jht~iJJ11:tl:i:k:930 PJ Ll t#1'f 
~$~-~:ff_ft~~$~~_t~~~~~~£$:i.l[.~~~~PTLl~ffiJE~,AA~PTLl~ 
r ffi :tio _t 00 ta if iv #I 113 0 Pfr=rla ~ ITT fl'.% ,Jijfj JEi3: ,t-'(: ITT fte $ m ITT ff~ ITT fte ~ ITT*~ '91!'. ,Jijfj IE* it 
~o 

co212J m£%1:.1~~&xt~ITTtt1.ITTU 
[0213] * ;JE 1 OOP} Ll +&1~Llx1~ 1nJS1 fl T 3 frrff #If $m: IAJ '* _ft!lo**;JEl 00,liJf! 5E:X1~~u 
/!l!GJ fl~ &ITT1!, IJ!U*tJE PJ Ll~%~11#;$$p;s~IPJmttAA~tti~x1~o "$:i]!" pJt~$$r;t3ITTt~JEAA 
ffi,,JHrJt!:£%1~:ff _ft PT JllHi1c.:i113'f. ( 17Ll :tio, m:£% LITT~) AA*tiic.:i113'f. ( f7Ll :tio, m£%£%:i11, m 
ii ~li! P'it, t/1 t~, il ti'!. ITT -¥ffi, ~~) AA t1 W: o * tit 1 oo PT l'J 1£ ~ r EE~~ AA£$ 'i"' 00 fi~ ){)( ~ 
5G~Itz ITT f~tlt {1§ ,~,*Jt!:ff.{f Ll fjljy: tB i3:~fi1~~ 5f0wfJJE o tE ~@~ME1J:t\'.: 9'l , **JE 1 OOP} Ll it 
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rem~ttmm~k~~lli~®~k&&2~~x1~. 
[0214] 0012,fJLJJj T ftmlf4t800k ff #;f lB $$pij200, ;It 9'l pJ L2J {!JtH=llf"tt1~i~il:tlf% ks"J x1Zzs"J 
?fr 0 7f ITT JUJEtP 1Jy!. $$pij2001t tafi£71 l'f. ~ ~ 00 fl tm~~-1225f P 124 ; DJ Ll a ff {Pf W IE ITT 
$m200 r.*J=l=L!!¥BXJ!:.l>i'n OO{ttrHiJ~- ( {71Jftp '§;J:§t§;J;Jl) 0 ftppfr~' il:U4t800P} ~J1l1ztlli71' 
nx$m, i1'i·ft□ $m81otri820 .f1=:71~1JLl~ lli T $m81otri820; ~1Emlf%800PT Ll~-t- mlf1t1¥1 
A:11\tri,~1:1:Jm, 1YLlfto1-1,,~j ~it 0JFt, rm Jl~tm>1r$m. aoo 128"J~B1Ll9'l, $$pij2ooa$m81ok 
ff~'* 1:lJ#j·t x1Zz12025f□ l 2041.tr+ $:i1[8109'l O ftnT mi i.:'MOO-J:1iti¥J '~tJEl OOP} Ll 1Jtf!$$pij 
2oo;l1!JrnrtJ~ttBX)l:!!tt ($,t) xJZz. 
[0215J :~HI ij'L JG 11 o DJ Ll 1Bz @cI7J ¥-f-9bfI l'j'L JG 11 ODJ ~ EB J3dris:ti D 1281145( ITT EB 001t tm 
iJ~I122-126iJORl'n ¥ ,t001l*'PilE 1=5$:i1:t8 lO:fP8209'l i'n 1;J:~,tt§1':ijJ'.20"J ~,tBXJ! ¥ ,t 
$mt~* 0 tlHJis~ ® ~ JJm7f A ' $m t"J * pJ EB pJ IB 1¥1 $mm :W ( i,il';· ft□ f!J\iC. a&% 00 LBS m r& wt 
~ t~) iQ 11110 jj >7HfilBX ~{~j:,fu' $mt"J 5RPT T1tf1;lf% ffi 8"1 if% JllBX ~:lfp~ 0 jj >7rJfilBX ~f~j:,fu' -$.mt"J 
5RPT 'E1trSitiii2 ( 1YLlftn, m~,8) . tlHM ·®~JJTu:trt(;, 9bIIl'j'L JG110 (i'i EB TOO i.:'MOOWi:i2tl¥1 $ii[ 
IE {fttt~ 13 20) PT Ll :@ttiR11Llitft□ m:lf:~800 ITT ~1* ITT lf4Hfil 'IJ/Ut ITT 9'l ,8 BXW $:i1:t81o/8209'l ITT 
~,tss 9'l .8*iiftJJE1=5 $:i1:ts101s2ot~~1tt2ss t~*. ':1317Llft□;;~~ ,ra1 lliQXwtiic lli t~ JE mft□ -$ 
m810/820SS m&% tp.)tti¥J r&st, 9bf! "13. )Gl lOP} Ll¥-f-2 ~DIB mlf%~J3c*:@rl ~1~1¥1:1J:it 
( mft□ :@tt 1~ it BX:tiltfi) * iQ 1111 $m t"J *. 
co216J :i1:tJF1t8oot□ tzJ nx$:i1:t81018201¥1 t"J5Rt□ JF%1S":1¥Jtt~m~PT L::J §;J:jsfi EB t§tJL*ti * *,i;Jfl 
1E;lt3Dtl~ITT 9bfil'j'L JG1 lO. {JLlfto, $:i1:t810/820ITT3Dtl~PT ~ -1jz$r:mt(;MiJf. ~i T 1r#1$ 
il:tRS 3DJ!tl Ll >'r, 9b:EI1'j'l JG 11 Oif riHAh ±tJLiEi}J~Jy: (mft□ $$[#J200ITT:@:gL fffiu~1i:5fD{JTH[lJ:®: 
$ :f P / BXE□i!Hf) ITT$ ~vr {~. 0 9bfl. JG 110 pJ Ll tt ~mu ITT' Jt ITT :f□ ;f$ 19] ITT x1 * Ll Ez. ~ 1::$ ;t§ x1 
-f-$$pij200ITT{irI, i3:~~{±Tffifeir0014A, 0014B;fP 0015*ilffta1i:i2t. 1f1Jfto, ktfEJ!.l'j'LJGl lOPT 
L2J 1!ffl 00 ftJ31:t!is-GPS~Xti:fP/BX* g {~J®:H: ( 1YLlftD, {iII{~!®:H:130 ,}l)t{~J®:H:~~) 1¥JJjz: 
ths~UfiB 5t$$pij200ITT {v:I. ~ril'j'L 5Gl lOnJ fil~W1iYf!5t:i1:tlf4Hir8itl~ Ll~~fA g;,tOO {t~~ITT 
'l'ffl71' BX:i:${1§ ,1~,n~.¥U -Mti>'.fsJ 9'l o 

[0217] a 0012 ITT ~{JLl 9'l '$,t~mu.m.*~ ]UJE 1 OOP]' Ll ~ )!t{PJSt1iJfl1E 11m !9J{itJJj( 1330Jf 
*~ BS ¥t#fti}J 1t 'i3:~ta T 00 i.:¥:too Jtt1Tta3 :i2t O x1Zz 1202:fW 1204ft 0012 ITT {flj~ 9'l 71' iu EB §:~ti 
ffi~~~**~·i3:®~~~aA~~~i¥Jffi=$m~~T~€-~~~-~:i1:tffi~IB~ 
P~tm B'-J ~ffi9:tm ~ 0 ~ ® x1~ {>Z.ffl{t~1JLl O ]UJE 1 OOP} Ll f&:@cIT'JttimUPT Ll amJFt kJ~JffiB''J {f 

1PJx1~BS {ffr, ~~p~ fffLltUfu §;j:js ;lt1} x '~~irBX gM}, ~~BX*::'ks"J 51:fll-, h 11-$.il:t pg gj) s"J 
~Ff;,,t;-H+ i *~:;o!-,fl.hn Ide'¥ r., t;n;ic::f,J'>:f,J'>: viix.~ W, /,~9-,x.t.yJi:'IJ, '§'J!! <'h ~tr~+ --c:r --c:r. 

co21sJ 1.t J'.!1=5 07f ITT ~Jm1:1Jt(;t§~ixITT ~#1ffHmMx1Zztt1mu~tJEITT~'l'ffl71', ~tJE100PT 
~J 1iftl JE {71Jftofte ~ 11 ;fW lz '~]Fe ~ 11 ;fW lz pJ l1 *~ ¼$pij200ITT * 00 .¥U :i1:tft~8005fW/BX¼:i1:t810/ 
8201¥1 ~1~t~1iE ( it Po $ii[~'-] 5R, :i1:tlf!i'i ,BBX {f {PJ ;It B i8:1~t~1iE) 1¥1 Ne~ 0 )ti:~ j;' * iJE 100 pJ 
Ll 1ifiB JElft! ~ d3lrJd4, i~ift! ~d3;frJd471'11iJ~fA$$pij200ITT * ffifUx1Zz 1202;fP 1204 LfJ ITT4lt~,tITT 
1Um 1¥1 Ne ~ • m ft□ 1 h 1z , d 3 :f□ d 41¥J JFe ~ p J ~ !A pg fITT BX >1Htj) ti::. tf#J 2 o o 1¥1 111PJ fffl 5Nmu;. lli , i~ 11 
1PJ $ 71' 1r P~ *Hit-fu § t15 : $$ixg 200 ITT frT $ , $ $ixg200 ITT@ft□ frT H BX frT 00 $};$ITT 'l'm 71', 00 {t trfl~ 
~-122BX 124ITT ~~~f ITT {iII, Jifr1iftlJE ITT ¼$pij200ITT~'Ll', ¼$pij200ITT JBiffl, 1=J ¼m20ot§* 
1tt2ss~,tAA~g;,tt~Jx1.~~AA&J'tm, $$pij2001¥1 *~, $$pij2001¥1~1muBX1r: 1mUBX$ w, 1=J * 
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$iJ,lJ 2 o o 131:J $ TOHB *@Ht':1 J2 , ~ ::i'r--½ $ $iJ,lJ 2 oo Er:J ~ _ffi: tB * ~ Er:J ,8 o r 00 :It t¥: tel t,f-i,1~ -aJ Ll 1ZU {nJ {t 

ffl~®~ffltt~~m;*m5EEB~m1oo*~ITTffia~*ITTm-w~~" 
[0219J 0013te CJ 07f ITT ~~7f :i:\t§-¥JcITT t7{it-ff 140:fP/~150ITT~iYH':I:.tl!OO, i~Yf{it-ff 
140:fP/~l 50-aJ #{i# ffl f 1Jt,ff--i' ~ ¥ -4'~ fF os 1~ ~ o 1Z□ 00 13 9'l 00 ~ ITT , #{i#-ff 140-aJ #{i# 
ffl r1A 1T * x 9'l fab£ITT x1*t& 1~u :f P nroJ@ ITT-'4--~ $~ tim o vu 1Z□ , Zf{it-ff 140-ar Ll Zf fit M* 
t&iUtl:f:R: 131 o, $m5E {_tr;j;f:f:R:1320:f Pi}Jfp;J;l:f:R:1330 o@ffl~:fl-ff 180:f P/~ 00 {;l~:fl-ff 190-aJ 
tAff ZFntafffiiH~tR:1310-1330 ( Et!SaZF{~~~ 1409'l) 9'l ITTt~~ 0 ;2Js:$9l~tt#)dq~; :r~m1f ITT 
~, Ll r i'Jitx~·~:fI•5tllOITT SI fflDJ •3t~~rH~@ffl~:fl~l80:fPOO{;l~:fl~l90o I!! 
Jlt,{ffPJLl r~:fIITTw#IDJEB-~~$~~:fI~j!JAff 0 

[0220] M*fft1~1JtltR:1310-aJ ~J#{i#1~~, ~ FR ~:fl.5Gl 10tA1r~t, i~t~~ -aJ ~Jfft1~1Jam 
&%soopg w (i.1"i·1Z□ a$m:s10:fris2opgi'ffl) 1>tf.filss-~~~$~x1*01Z□ roo~tia~oo 14A, oo 
14B:f P 0015 ~Wi!~lfl, x1*t&1mU1l:f:R: 131 om Ll ifUJlj [b-~ ~~$~ 00{1:trn~~l'il 22-126:trn 
~ITT~~~~i:f;Ji'fflITT ~~~$~x1*HHm5E~®xif*~~ma~OOk◊M*t&mffltR: 
1310~-ar Ll P}ijJE 1§ ii TIIT A'§x1@ITT~~f TIIT, * H -aJ Ll {!ffl i~~~f TIIT *pjij5EfiftiQjJ1J ITT x1 * 
BSR.--t:fP~tt (~1Z□+t:~Lt, *J_jt:fP'!tJiJ oM*t&imU~:f'l!~-aJLl §1§inj]IJ ,ra, t±:l ITT$m£i:fP/ 
wt i~U ~u'i· 1Z□ mlf%800ITT Ji!% 00 ITT 9'l )~ , 7'1 T P}ij 5E ~~f 00 HT'] T P]ijJE}]!Ji!,£ I tp. mpg$ BS M* ITT 
{_tr 'j'•La-@~)Jfil h :it 9'l, ffl*"lnx.OO{tl:HJJ51fl 0011:trn~~ 'j'ir.lflf~tm-aJ ~~ ~}kA:t\135nt¥U 
::kt{] 55B!'ITT mil o 

co221J $m5E 1_trtJm1320-arZFfit:J'~~, ':13 ~ ~:r_m• 5c 11011~1rsJ, i~:J'~~ -ar ~ M *;JE1 oo 
pjij5E$$p;\J200l't(J{_tr_i'.oa-@~~7f:it 9'l, m5E$$p;\J200l't(J{_tr_i'.ft(Jw~I PJ Ll Et~: ¥r $$p;lj{_tr 
ffITT~&-~m~~,~5E~$~~1§$~~afi~ITT':13~$mffi*~ITT-~~~$~$ 
mt{]m:Bs Ji!e~ o 1±~1~~~1f:rt 9'l, ~-ar ~11mu;.t§x1r EB x1*~~mutJ:f::R: 1310~1~UITT JitriRiu 
ITTx1~ITT~~ol§07fITT~~7f:i:\ffl-~,-aJLl~fflttx1-~~~$~$m~*Wm~ITT 
lfe ~ *pfirlJt~~~JfE1clt:lt#$$iJ,lJ200ITT 5r rPJ &t~kBS~{to 7'J 7 pfir!Jt$$iJ,lJ200ITT{l_i1., $m 
5Ef_trtJm 1320 PJ Llx1$i'-OOftmh~:ri, Ll1&1~U$$p;lJ2001Eah~iITTm~%ITT~1il o ::'h:?Hfu~ 
~ :11 ~tih, $m5E {ft;tj;Jj( 1320-a} Ll JA~ 'f::tlJ}( ( Etr1i{ftff {t w-ff 130) ~~ B * ;JE:J'iyjz: f~~ 

ZFaOO{t~ffl9'l ITT:ltB%1iEITT{§ ,~, (m1Z□ Jt B*$j!J;j ,mJi!~ITT HE$~) 0 
[0222J i}J{i=:tltR:1330-aJ Ll Zffi,/H~~, ~ EB ~:fl1¥ 5G 11 MAff Bt, 1~:J'~~ -aJ Ll ~ N}J **JEl oo 
¥ r JA-~ ~ ~ $ ~~ (@ 1ZU {ft_i'. Hz w-ff 130, x1 *tt i~U tl:tk: 131 o~ $m:5E {ft tl:tk: 1320) ti 
4'.ll:BS{8,~-*mht§x1r$$p;lJ200BS:ft11:Bs-~~~$~iJJ{toa-®~JM7fA9'l,iJJfttJttR: 
1330-aJLl UAiYiJ1Z□x1•tt1~U1:l.tk:1310) :ti4'.ll:t~~8i:?:tt~muium&t800kRS-~~~$~x1-
ITT~go~~g~-arLl§ffimttfflITTM•ITT-~~~$~R.~~~tt,@~~fflx1r~OO 
Bs r§'J B!' o rt JB , iJJ 11:tJtm 1330-ar ~1 :tAff irJuroJ ¼$j!!;j200ITT ~11:~~ ITT-~ ~£$~iJJ1t, m1Z□ 

{J?:1!lUJElOOrPJ1717rI*iJE220, $Ui}J*iJE2305fPnrPJ **1E2409'l ITT-~~$~:J')JH:tH~$H1§~, 
Ll (iYLl!lo, JBiUtJc{i:IJPi!,n~ ,nrPJ ,$m:f$fa,~~) 0'~Jt$$iJ,lJ200oiYLl!lo, a-@~~7:f :r:\ 
~, iJJ1ttim1330 PJ Ll rPJnrPJ *tJE24oL>t:i!J~~, * HnrPJ *m240 PJ LltftAii~:J'~~Ll~t* 
$j),ljnrPJ ¥UffiITT1r#!f $m9'l oa~B~JM7f:i:\ 9'l, ~1i=:tlJ}(l330-aJLlPJfl5E£ic~lP/~~~fITT 
i}J ft Ri ~ ~% Jf r/ij •rlh {t ¼$iJ,lJ200n rPJ {if'. 1~:lt i~. ttx1 ~ BS lW iffl , f~ i& i~ X1. ITT r§'J B!' {~ r * $j!J;j 
200ITT &4nj~ r§'J & o ::'h:7Hili~::i'r ::'h:®:l:ili, i}J{f tltR:1330-aJ Ll rPJ 1§ $$iJ,lJ200ffl*~ITT Jt B **JE 
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(ffiftu tu ih * tn23o ,~~{§ -1iy, 1111rt*t1t220~) ~:i3=r~4-o ft~®~hm1:f :rt cr, iJJ{tti:1:~ 
1330i'§&PTLl7'J$ms"JA~Ht1"FiH}lH~1~:zzfA*ltOitJE;f-D/AA1$!®~451:~S"J{§,~,S"Jifi/;]J, 
tl'.!lt ,AA~!ll'.!lt&tlo1'!.U§, A~~1"FifwJLlMi~&tl3tHfiJJ1"F, Ll~%$$iffJ~rnJ iU7GIBJ$ilL 
[0223] 0014Ai?Ll~ TPT~), FR *t;El0M:s: FR OO{t miJd~J'i122-126iJU:IXOS ¥1'?frm iJ □s 00 {t 
3 cp s"J ]m 1'00 fl ITT ~,u Oft 0014AITT ~,u cp '00 fll 402 (J,91$) pJ Ll ~?Jr13UOCITT ~~ 0011' * 
_§.00 fll 404 (~$) pJ IJJif~ f§ (ffift□ JLf~H~ zf§) =rs.JJIITT*= 00110 ft□ §t~J).00111402,tD 

14o4cr ~ t±:l ITT, Jil!c½~ ~tJE1 ooITT $$iff1 (i~ftnJ:. mi ITT $$iff1200) ftm]E% (ffiftnm]E%soo) J:. ff !½to 

m]E~H±$$iffJITT iEfrT1:fxJ1r, m]E!ITTtlt~ft:f:filf rnJl 406)('.bti Jt o¥r001ll 402cp 1JLl~ITTtl~, 
m]E! DJ Ll fff nx;~ o{f1PJmN4t~i9.:AAxJ-trtf~~t{JJ$;@tt*;JEl00*Jt!:1fn\.1Jr o fto~t{JJ$ JAOO 111402 
,tP 1404 cp ~ 1--H OS , :R~iHJJ *~DR ~ OS g~t&f¢i OS xi* 1202{v. T ?fr ,W1J~ OS mli OS ,;tI ff #SE $:i]t 
s"Jcp j's]o 
[ 0 2 24] ft ~ ® ~ JJlli h A cp ' * tn 1 0 0 pJ 12), it We ii 7'J x1 ?fr =rm ~ ITT 00 11 ( ffi ft□ 00 ft 14 0 2 ,tP 
1404) Jt1:1rn\.1Jr, Ll 1iJf!JE !Bm]E%f oo Ci~ftnN% 00) t§x1 m ITT~~f oo o TTID~%i'.a ft~ 1 st□ )('.br1. 

1 soo*£JJPWtm:1:mx1i~)('.)::E_[[Jt!:lrtoH£ o fifj • *il, *tJE 1 oo (t?: ~ )('.b:E_[[J'(l_ JGl l olP oo 11)('.)::E_[[ ~ 

190) pJ Ll mJE!B JEi [filif~x1 JIIZITT~~f [fil' 11' 7'J l=B Ni [filif~*~ITT f :i:)J=?Z Tio 7]( f Tio O El3 rm Ni 
s"J tiJ 6>t ( ~p , 1m w , 1GEi~ ± wt 41· ir~ :qy n,g~) wt 41· J1H% ITT 1@Hl4 tn / wt ail $ ITT 3t {t , lK PT §5 -'@: iJ1J% 
Tio ITT 3t 11: o * ~ $ '4' 00 ft ':13 cp ITT $1' 00 ft PT ~j ffl * 1iJfl 1E ~ ~ f Tio oft 00 14A ITT fyLl ~ cp , ?fr 1iJfl 
JE ITT ~~f 00E13~~f001408*.'.t~ o 
[0225] *;)El00PTLlt?: ~ )('.):f_[[J'(l_JGl 10;f-Px1*:r&jmum~l310~%~1'AA$ £$1'XiJ* (ffi~D 
x1 ~ 1 2 o 2) JE 1ft 7'11ft rm~:& J:. o 17Ll ft□ ':13 x1 ~ t±:l t~ ft fofr =rm~ 1¥1 $ ·1'-oo ft ':13 cr 1¥1 $1'- oo ft cr 1¥1 
i'§IBJ fft'!.st, PT Ll~,,i::r&imU ox1* (ffi~□x1* 1202) PTLl~~Z91ITTAAm'r ltITT o ft0014AITT 17Ll~ 
cp 'x1*1202{±mfi J:.~m'r KITTO PTl1 El3 x1*~~Utl:f::R: 131 0;@tt~f~1:f1!*1iJf!JE ($1') M 
%<.ITT ($'4"') 1ftl'ioft~®~J}m1:f;tq=i, PTLlWJ1GPS5f□/AA~B¥ T~tr,sslUn*Trifl;g ($ 
1') § flFX'J* ITT fil.i'_ 0 Jt!:~-;l_'7' x1*,r&~mUtf~ 131 0nJ LlJtl:ff x1*1202ITT illl'iITTf.½1i'ili:1iJf!Jc Oft 
~®~ JJlli7f A q:t, x1~:r6:~mUtl:tR: 1310, {i[.i'_ {$~:ff 1305fP00 ff&.)('.b:EJ.:H 190 q:t l¥J ~1'-AAJ!$ i'­
iE pJ Ll 1i}[J }EM* 12 0 2 li!8: $ $~ 200::rf $ J& ' ~□ J:. Tio ta~ 00 12 Pki-t ii ITT O 3 Ll it>f~ 7f A* lr We.'!. 
st, PT l1 ~mU.m.Jt{i.r ffl ft□ 0012 q:i Jifr~ ITT mft□drd4ITT ~mu;., ffl f ;@tt/4::mJE f:v:mt:R: 1320:}'j\,ff ITT 
f:v:.i'_ ~ ~ m }E 0 
co226J m Ll ta ii' oo s~ oo 7LlJ:.Jtl'r:11:f :i:\*it~JA$tiff12ooru ft:i.l~JZ. J:f;J i'ffl:r&~muru s1:1 x1* 
(m-ft□x1*1202) s"J li!e ~ o 17Llft□, *tJE100 PJ j}1troo ft~m, 1ftl'i~m ( 17Llft□ ,GPstfu,12{§ ,~J , tfu 
00 :j1yJlL it l~JfyJJis ;f□ I AA* § 'EL 1~ ft $$PB 200 cp RS 141 ~ ff RS :j1yJJis , Ll it J'Ue ~ o * tJE 1 oo PT 451: 
~* § 1JUP□ oo 11~IiZ• JGl 20, 1:v:n 1t~ff 1302z~B 1twffITT~3!:ffl Ll 1~n\.1fr 0 
co221J ft~ 1~~ir'tli1:f:rt q:i, )('.):£E11 .• JG11om¥r l1 Ttt**;j,i;J~~u;.i'.a5'!: ¥r1t~tt* 
ft ffl ~*JU ¥r st rsJ ITT xJil~ Ci~ft□ i~)J( ~ 1J!~ ff AA~tt=1Kfii"~ (LQE)) ; t□/AA¥r 7G !BJ x1 
*~~ (1JLl!m ,lC$, T$,ff A,§ 1f$,mNZ.1i~, ~~) ITT PT ffl~tf:t&~oT~~~-i~@PT 
¥rx1*K&ITT1m~.mta5'!, ~ q:i KJl'.1m~.mi'.a 5'!!5~%~1iilH.is"JstfsJ ( 15Llft□, $$r#J200.¥U:itx1* 
Pfr rm BS st J'R] .m) nx; b~ 17Ll 0 
[ o 2 2sJ )('.): ff J'(l_ JG 1 1 oft~ 1~ ~ ir'tli 1:f :rt q:i PT l1 t<Sz We l'iT'J {'ti ffl z frT Jitr W ii ITT ~ 1' AA J! $1'~~ 
~~1!AAtl~*Q 1J~mN%ITTPT:tl $5tITT 3D~;j,i;J O 1J~P□ ' ftol:. Tio ta~ 00 5Jifrii ~iITT ')('.bfj)JI JG 
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11 o PT l:JJiJfl JE $ $ll§ 2 o o Et''1 fir §j ftf! ~ , i~ fir §j ftf! ~ PT Ll Jl ~ !A 1 o * :f iJ 2 o * Et'FF ~tHff EHi , PT l:Hi 
it~ 7'J $$l\§200S{J :il&lOJifr 1iJfl }E s{J fir§JiB1 f§J s{J *f9' 0 ,WU !10 ' ~ tr $$l\§ 200 s{J :ii& ~ff 11£' fir gj Me 
~ ill DJ ~/J\ ( ,WU !lP '1[Jljfrr§Jj'f fte ~ ~iiJr~~) 0 ;jjJr:1:filAAw ;jj;ljt;l:fil' ~flif3-5Gl lODJtAff iL 12[s: 

00 {l 71\. tfr tl:tk:404 7'HA ff ffi - ;fo ffi = ¥ 1' 00 {l os iL {lfs: 00 {J 71\. tfr , ~J B1J it$ ffi ffrJ 1f ilU:it as 3D 
Jti!OO * _§Jft~~Ll 0011 pg ITTt;HiE 'w'i·:tiox1*1202 0 ~flif3-)L;l 10PT IJJjJ!iM:xJJtraJ Ll t9Mr t±:\f~tE 
oo•~fflpg$~~1'~M~~00•$~~&~1'00•$~X't*W~tE~~~*Mttffix1 
+x1*1202;t§xt+ $tfl\§200ITT {:frl'i O 15U:tln' t§xt+ $$p,}j200ITT{:frl'i ,:il&5f-O/AA1Jn:i!&PT¥+ 
l§xJ*1202*~ITT~1iEITTtJLX!t,f:fI'l.,;f$iJJ~·t1:~~*m5Eo 
[0229J M*1202DJbU,)E;t§M-'f:f:E!ITTM*, AAwJtDJLl)E-ttss o!lOrTion!:-!Pt'Hffii-Jii 
OS, :tlo*x1*R:-'f:tE3.AA;;jlf ;t§x1-'f:tE3. ( 15i1J:t10, 2cmElxJ~>J\, lcmAAJ!/J\~) , 911J*;JE1 OOPT ~J ,tiftl5E::f 
~ Jf Jt!:-!PITT .;JJf1::wi;$$r,s200ITT JJI£t~ITT~£o tEOO 14AITT vU~ $, xt*1202WlJZ:i1f~tR~ o tE 
*-OO{il 402$ 'x1*1202Jl~ NJPEltintox1,Oy1)fPo,10 *i'.JElOOPTLli72ctJ x1*tft~~Utl:f:R:1310 
it WcnY'J ¥ r ¥~-'f Tio 1408, Jifrtft ~~Ll ITT :l]tjj!,£ BS $:i]t ~"J 5RAA W ~ ff jj( tM pg$ ITT B ~o .J(/J\ 5f0/ 
AA{:fI'I.BS ~ B¥~,~*1JAJJEi8: ®tflut O tEf~J§1MIITT m=oo fi 1404$ 'x1 *1202Jj~BJJ!~ 
ili:$ffi, 3f _§_~f~1~ J!.:k o x1*1202Jj~~ Jl~ffi=tfl:Jitox2,oy2;fOoz20 *i3ElOOPT Ll~H1l§ffi 
-ffl$&ffi~ITT7JA*m5E~ffi=ffl$&. 
[0230] tE-®~nffihA $, *i~lOOPT ~.:1-{tffl*-OO{l14025fP~&*= 00 ft (@:tlP OO{t 
1404) $ ITT xt*l 202ITT Jifr1iAJ5EITTttt&*45(.J!$*ritxt*ITT {1!f ,l@,3f1iAJ5Eitx1*BS t AA 
1!$1' ~·t':L tE-®~nffi7JA $, *i'.3E100 (t?: ~ ~ffilif3-5GllO;fO/AAOO.~ffil~l 90) PT Ll it 
re'l.7'J¥r~fir-ffl~~-~~fflWAA~Mk~~~~~~~fflW$~B~M~*§~ 
i:RJJiJxt*o tEi8: ®~JmI7JA $, *i'.3ElOOPT LlitWc.'!.J'.11_:_6½x1$~200ITT A~~{f ~ITT~~ 
!:!JU,W,W:&t:n. 
[0231] **JElOOPTLl 1~k'i5U:tlo* g 00 fi1404S/,J-,t-AAJ!$1'Mt&ox2,0y2;fOoz2l§* g OO{i 
1102sst'lJiox1 ,Oy1;fOoz1::f ~ 0 !lo**§ OO{iH01lITTffi=tlitilt/J\r* § ffi-OO{il 102ITTti 
& , Y!U xt~ ~ Prntizt ~ $$\#32oor-$ ~ * _§_~ ffi ::f ~* 11. :ti□** =tli ti& it 11jfj 5E7'J .:kr *­
tli tf L\£, 91Lli~1'iJfl5EPTLlt~~x1*1202Jf¼ttMJi!% _tmr ltJf¼lAroJ $$jl,lj200;f$~, 3f _§_ pJbU,Jt!: 
ff J:t BiJJ{t .{f1J:t10, *tk100PT~1'iAJ5E.xt*1202t§.x1r¥~-'f ®1408ITT r§'JJi (~mt_t, ttJt 
Oxi/ Ox2) 'Llm5Ex1*1202;t§x1rJi!%ffiITT.:kiX~&otE-®~nffi7JA $ '**JElOOPTLlitWcir. 
Y'Jtfti~Ll 0 _;/J\ !1U2cmr§'J Er'1 x1Mt. ¥r Jifr1'iAJ5EEr'1 x1Mti't''1 r§'J Ji, *i3El OOPT Llillff $'1" !h ~~{f 
$ s{J -1'~ 11:c , :ti□ r· oo~~ J!JJo t'Mffi tfu wit s{J . 
[0232J 0014MJH~ 70012$ Wii!ITT't'f'H£Rs 1iHi!f¥RSf,ill00 0$$jl,lj200 (:i3:J:1:t~~J'.1$$PB2ooc) 
W1JZ tEm:Ji!%800ITT $ms1o_t{f#to $$jJ,lj2oocW1J:Wc~:ff OO fttm~~:'!.122;fP 124; 1!$AAJ! 
/J> ~'I. PT l'J l§ {f {iiT tr# 5E /4:: $r!3 2 oo ;t§ * ~ . 
[0233] x1*1202it;E'1:fitEmJi!%800ITT $m810l:.o f!J=ltl.oo~aif0014A (3t _§_ rffi ~aif 0015 
;fO)ltfl1500 ~jJQif tffi:1:fil) tii!ITT >lbfl, *i3ElOOPT Ll it@c'I.Y'J~r fA-1'JJx;~$1'00 {tfi~ 
~'l.122-126~It'lITT3t _§_i?: El31X1J~Hl D 12s:tf4:(,(s{J $1'"001io!Z1'iJfl5Ex1~U202ITT $1"-~tL i8: 
@~ttPTLl §115x1*1202ITT{:fIJ'[;frlRi-' §;j'js~ffix1rmJi!,£800ITT*®BS r',§'j B[ 0 

[0234] 11:c 7'J~JJPElft7 ~,, *tkl OOPT l'J ~?. EB {:fI'I. {$!®~ 130;fU/AA¼m5E {:frm:f::R: 1320*1J}B}E 
$$pij200c;fOx1* 1202ITT t§x1{:frir.. i~wfl5EPTLl §:J:15nAJ;E'$:i]t~"J5RAAw l§mJi!%800;fO/AA$m 
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81o/82 o ffi * 1tk i't':J -!t B ~t~ f:trit 1§i ~ t-'f o * t;u oo Pt Fo PT Ll f2. EB )ltfl • 5t 110:® .d: it$ Ji!~ Jifr 
1iJfl5E s"J t/,J3RB"11te ~ *1iiYE-!t 3 flTff #l$m (i3:£, $m81 o) pg 1m s"J $$rl3200cITT f:trl'i o tE 00 
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{:trr$J!ipg £:111'1"Jx1*12021f]if§X15E{lloi3: ® Jifr1iJfl5EITTJi!e I~ 9'l ITT-&~~ (tllt~Dq1 ,q2~~) pJ Ll 
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$ , $$plj200 c ITT ffi ii□ ru :J:J~ru oo $ h* ITT $-5J'-, oo 11 trlH3dtit 12 2 ~ 124 ITT id~tH ITT 1:trit, JiJT 1iJfl 
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[0235] ~&¥riinJ:. Tiafa~~ l 4AJifrWi12:-ITT Jifr1iJf!YEBS x1* 1202SS R-t, Lllst~ l 489'l JifrvU 
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