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Control No. Patent Under Reexamination
, 90/014,815 9955551
Notice of Intent to /Issue ’
Ex Parte Reexamination Certificafe |Examiner Art Unit AlA Status
Henry Tran 3992 No

-- The MAILING DATE of this communication appears orn the cover sheet with the corresporndence address --

1. Prosecution on the merits is (or remains) closed in this ex parfe reexamination proceeding. This proceeding is
subject to reopening at the initiative of the Office or upon petition. €7 37 CFR 1.313(a). A Certificate will be
issued in view of
(a) & Patent owner's communication(s) filed: 16 May 2022.

(b) (J Patent owner's failure to file an appropriate timely response to the Office action mailed:
(c) (O Patent owner's failure to timely file an Appeal Brief (37 CFR 41.31).
(d) J The decision on appeal by the (J Board of Patent Appeals and Interferences (] Court dated

(e) O Other: .

)
2. The Reexamination Certificate will indicate the following:
(a) Change in the Specification: [] Yes No

(b) Change in the Drawing(s): [J Yes No

(c) Status of the Claim(s):

(1) Patent claim(s) confirmed: None.

(2) Patent claim(s) amended (including dependent on amended claim(s)): None
(3) Patent claim(s) canceled: 6.

(4) Newly presented claim(s) patentable: 24-87.

(5) Newly presented canceled claims:

(6) Patent claim(s) [ previously (] currently disclaimed:

(7) Patent claim(s) not subject to reexamination: 1-5 and 7-23.

3. [ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

4. Note the attached statement of reasons for patentability and/or confirmation. Any comments considered
necessary by patent owner regarding reasons for patentability and/or confirmation must be submitted promptly
to avoid processing delays. Such submission(s) should be labeled: "Comments On Statement of Reasons for
Patentability and/or Confirmation.”

[ Note attached NOTICE OF REFERENCES CITED (PTO-892).
{J Note attached LIST OF REFERENCES CITED (PTO/SB/08 or PTO/SB/08 substitute).
(] The drawing correction request filed on is: [Japproved (Jdisapproved.

(O Acknowledgment is made of the priority claim under 35 U.S.C. § 119(a)-(d) or (f).
a) JAlIl b)[J Some* ¢) [[JNone of the certified copies have
(Jbeen received.
(Onot been received.
(Obeen filed in Application No. .
(Obeen filed in reexamination Control No.
(Obeen received by the International Bureau in PCT Application No.

©® N o O

* Certified copies not received: ___
9. [ Note attached Examiner's Amendment.
10.J Note attached Interview Summary (PTO-474).
11.JOther: ____.

All correspondence relating to this reexamination proceeding should be directed to the Central Reexamination
Unit at the mail, FAX, or hand-carry addresses given at the end of this Office action.

/HENRY N TRAN/ /ANGELA M LIE/
Primary Examiner, Art Unit 3992 Primary Examiner, Art Unit 3992

cc: Requester (if third party requester)

U.S. Patent and Trademark Office
PTOL-469 (Rev. 08-13) Notice of Intent to Issue Ex Parte Reexamination Certificate Part of Paper No. 20220707
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Control Number: 90/014,815 Page 2
Art Unit: 3992

EX PARTE REEXAMINATION
NOTICE OF INTENT TO ISSUE EX PARTE REEXAMINATION CERTIFICATE

(NIRC)

Summary
1. U.S. Patent No. 9,955,551 B2 (the *551 patent) includes patent claims 1-23. The ‘551
patent claim 6 and new claims 24-87 are subject to reexamination. Claims 1-5 and 7-23 are not
subject to reexamination.
2. Claim 6 has been canceled by the Amendment filed on May 16, 2022

3. Claims 24-87 are allowed and/or confirmed.

Allowable Subject Matter
4. Claims 24-87 are allowed and/or confirmed.
STATEMENT OF REASONS FOR PATENTABILITY AND/OR CONFIRMATION

5. The following is an examiner's statement of reasons for patentability and/or confirmation
of the claims found patentable in this reexamination proceeding:

The present invention is directed to a detector-controlled illumination system comprising
a digital lighting fixture (DLF) 2 having multiple solid-state light sources (SLS) 3 affixed or
mounted to a structure or a mechanical device 4, a power conditioning circuitry 5, optical
elements 6, a control electronics unit 7, and one or more sensors 8. See Fig. 1, and col. 24:51-55.

Regarding independent claims 24, 32, 40, 48, 56, 64, 72, and 80, cach recites an
illuminating device having automatic control of light provided to an illuminated area of a motor

vehicle 271 comprising at least one headlamp 270 having a plurality of individually controllable

Ex Parte Reexamination — Notice of Intent to Issue Ex Parte Reexamination Certificate Part of Paper No. 20220727
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LEDs 2785, one or more sensors 280, and a controller 279, see Fig. 15. Particularly, the claims
each identifies, inter alia, the uniquely distinct features: memory storing instructions that, when
executed by one or more processors of the controller, enable the controller to perform the

following specific functional operations of:

e Claim 24: “determine first coordinates ...”, “select a cluster ...”, and “change emission of ...”,
as recited on lines 21-29 of claim 24.

e Claim 32: “create a beam of ...”, and “follow, based at least ...”, as recited on lines 21-29 of
claim 32.

e Claim 40: “determine a first cluster of ...”, “diminish glaring illumination of ...”, “determine a
second, different cluster of the LEDs ...”, and “diminish glaring illumination of the second ...”,

as recited on lines 21-33 of claim 40.

e Claim 48: “illuminate a portion of ..., the first cluster selected based at least in part on known
aimings of light associated with the first cluster determined to correspond to the first area, and
the first light determined based at least in part on classifying the object ...”, as recited on lines

20-30 of claim 48.

2

e Claim 56: “determine, based on data ...”, “select a first cluster ...”, and “reduce intensity of

..., as recited on lines 21-29 of claim 56.

29 LC 2

e Claim 64: “select a first cluster ...”, “control a first change to ...”, “select a second, different

cluster of the LEDs having...” and “control a second, ...”, as recited on lines 21-33 of claim 64.

2
2

e Claim 72: “determine a target based on ...”, “determine a fist target location ...”, “select a

cluster of the LEDs having ...”, “vary illumination ...”, and “maintain a variance of illumination

2

...7, as recited on lines 20-31 of claim 72.

Ex Parte Reexamination — Notice of Intent to Issue Ex Parte Reexamination Certificate Part of Paper No. 20220727
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e Claim 80: “identify, based on data received from ...”, and “change, responsive to the positions
associated with the target, first light ...”, as recited on lines 21-26 of claim 80.

Whereas, the cited prior art references:
= Stam PCT (Ex. PA-A) teaches a system and method of automatically controlling exterior
vehicle lights includes headlamps (111), an image sensor (201) and a controller (1105) to
generate control signals provided a control circuit, e.g., a headlamp drive, (1104) for turning
certain exterior lights on or off, or change the brightness, aim, focus, etc. to produce various
beam patterns that maximize the illuminated area in front of the vehicle without causing
excessive glare in the eyes of the other drivers. Id. Abstract, and Fig. 11. Particularly, Stam
PCT teaches a controlled vehicle 100 having an automatic headlamp dimmer includes an
optical sensor system 102 comprising an image sensor 201 for detecting the headlamps 104 of an
oncoming vehicle 105 and the tail lights 108 of a preceding vehicle 110; wherein, the headlamps
111 of the controlled vehicle 100 are controlled automatically to avoid shining the high
beams, or bright lights, directly into the eyes of a driver of oncoming vehicle 105 or by
reflection into the eyes of the driver of the preceding vehicle 110, id. at Figs. 1 and 11, and
pages 10-11; and wherein, the microcontroller 1015 utilizes the location and direction of the
vehicle identified by the GPS receiver 3450 for controlling the exterior lights on the vehicle.) id.
at Fig. 1, 11 and 34, and page 72.
= Harbers (Ex. PA-B) teaches a headlamp and dynamic lighting system for a vehicle (1)
comprising a headlamp (2, 3) provided with a light source (4, 5) having a plurality of opto-
electronic elements (11, 12, 13, 14), preferably LEDs, which emits light beams 6, 6°...; 7, 77, ...
in a longitudinal direction 9. Wherein, the spatial distribution of the light beams generated by

the opto-electronic elements of the light source can be continuously adjusted or switched on and

Ex Parte Reexamination — Notice of Intent to Issue Ex Parte Reexamination Certificate Part of Paper No. 20220727
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off, in dependence upon the velocity of the vehicle, the rotational position of the steering wheel,
or weather conditions, etc. for providing an improved visibility of the surroundings of the
vehicle. See Abstract, Figs.1A, 1B, and 2, col. 5:31-43, col. 6:58-col. 7:22, col. 7:50-51, and col.
8:1-13.

However, the Stam PCT and Harbers, either singularly or in combination, fails to teach or
suggest the controller configured to perform the above-identified functional operations of the
claimed inventions.

Regarding dependent claims 25-31, 33-39, 41-47, 49-55, 57-63, 65-71, 73-79, and 81-
87, each directly or indirectly depends on its base claims 24, 32, 40, 48, 56, 64, 72, or 80,
respectively, and is allowed at least due to its dependency.

Any comments considered necessary by applicant must be submitted no later than the
payment of the issue fee and, to avoid processing delays, should preferably accompany the issue
fee. Such submissions should be clearly labeled “Comments on Statement of Reasons for
Allowance.”

Response to Amendment
6. Patent Owner’s Response under 37 CFR 1.550 with an Amendment filed on May 16,
2022 in response to the Reexamination Non-Final Office action mailed on March 16, 2022 has
been entered. The 551 patent claim 6 has been canceled and new claims 24-87 are maintained.

Thus, claims 24-87 are pending, and they are considered in this reexamination proceeding.

Response to Arguments

7. Claim limitation “electronic circuit apparatus ...” in claims 6, 24, 32, 40, 48, 56, 64,
72 and 80 invokes 35 U.S.C. 112(f) or pre-AIA 35 U.S.C. 112(6), and is read on the
“logic control electronics unit 7” of the ‘551 patent disclosure, id. at Fig. 1, and col.
25:35-50.

Ex Parte Reexamination — Notice of Intent to Issue Ex Parte Reexamination Certificate Part of Paper No. 20220727
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Applicant argued, see pages 2-3 of the May 16, 2022 Response, that the claim limitation
“electronic circuitry apparatus” recited in claims 6, 24, 32, 40, 48, 56, 64, 72 and 80 does not
invoke 35 U.S.C. 112(f) or pre-AlIA 35 U.S.C. 112(6) because of:

(i) The Federal Circuit has ruled that “the term ‘circuit’ coupled with a description in the claims
of the circuit’s operation typically conveys necessary structure.” See e.g., Linear Tech Corp. v.
Impala Linear Corp., 379 F.3d 1311, 1230-21 (Fed. Cir. 2004), Apex Inc. v. Raritan Comp., Inc.,
325 F.3d 1364, 1374 (Fed. Cir. 2003). Cited MPEP 218 1(I)(A).

(ii) The claim limitation “electronic circuitry apparatus” includes a generic placeholder
“apparatus”, which is modified by “sufficient structure ... for performing the claimed function”,
i.e., “electronic circuitry”, as such prong (C) is not satisfied and thus 112(6) does not apply; and
that a “circuit” or “circuitry” are structural terms that have been found not to invoke 112(6), cited
MPEP 2181(D)(A).

(iii) The specification is replete with examples of circuits and electronic circuitry (e.g., “The
electric power ... from the power source 1, or is conditioned within the DLF2, by power
conditioning elements and circuitry 5), which provide a sufficiently definite meaning as the
name for structure that performs the function, cited MPEP 2181, and sic. col. 19, 1l. 66-67; and
“Thus, based on the claim language, the ‘electronic circuitry apparatus for the controlled
powering of the light source’ is the ‘light source controlling power circuitry’ with which the
‘controller’ communicates”, and that “while the electronic circuitry apparatus being part of the
controller is a possible construction under 112(6) of ‘electronic circuitry apparatus,”” Cited sic.
col. 15, 11. 34-36.

Applicant's arguments have been fully considered but they are not persuasive.

Ex Parte Reexamination — Notice of Intent to Issue Ex Parte Reexamination Certificate Part of Paper No. 20220727
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(i) Firstly, the Federal Circuit has held that applicants (and reexamination patentees) before the
USPTO have the opportunity and the obligation to define their inventions precisely during
proceedings before the USPTO. See In re Morris, 127 F.3d 1048, 105657, 44 USPQ2d 1023,
1029-30 (Fed. Cir. 1997); In re Zletz, 893 F.2d 319, 322, 13 USPQ2d 1320, 1322 (Fed. Cir.
1989) (manner of claim interpretation that is used by courts in litigation is not the manner of
claim interpretation that is applicable during prosecution of a pending application before the
USPTO); Sage Prods., Inc. v. Devon Indus., Inc., 126 F.3d 1420, 1425, 44 USPQ2d 1103, 1107
(Fed. Cir. 1997) (patentee who had a clear opportunity to negotiate broader claims during
prosecution but did not do so, may not seek to expand the claims through the doctrine of
equivalents, for it is the patentee, not the public, who must bear the cost of failure to seek
protection for this foreseeable alteration of its claimed structure). See MPEP 2181 (1.).

(ii) Secondly, the claim limitation “electronic circuitry apparatus” includes a non-structural
generic placeholder “apparatus for”, id. MPEP 2181 I (A), which is preceded by a non-structural
modifier, i.e., “electronic circuitry”, which does not have any generally understood structural
meaning in the art, was not defined in the claim and/or the specification, had no dictionary
definition, nor any generally understood meaning in the art; and thus, the term does not connote
sufficient structure to a person of ordinary skill in the art to avoid 35 U.S.C. 112(f) or pre-AIA
35 U.S.C. 112(6) treatment. See MPEP 2181 1.(C).

(iii) Lastly, based on the ‘551 patent prosecution history and the applicant's arguments above,
the claim limitation “electronic circuitry apparatus for the controlled powering of the light source
and other illuminating device elements” in claim 6 or its similar limitation in claims 24-87 is a
controller described in a preferred embodiment as “logic control electronics unit 77 of the ‘551

patent disclosure, id. at Fig. 1, and col. 25:35-50.
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Notice of Concurrent Proceeding(s)
8. With respect to the Report on the filing or determination on an action regarding a Patent
or Trademark (Notice of Concurrent Proceeding(s)) under 35 U.S.C. § 290 and/or 15 U.S.C. §
1116, form AO 120, filed on 06/19/2022, the material has been considered with this action, and it

has been placed in the prosecution file record.

8. Notice to the Patent Owner
MPEP § 2256 provides in pertinent part:

AFTER THE NOTICE OF INTENT TO ISSUE EX PARTE REEXAMINATION
CERTIFICATE (NIRC):

Once the NIRC has been mailed, the reexamination proceeding is forwarded for publication of
the reexamination certificate. Thus, when the patent owner provides a submission of patents and
printed publications or other information described in 37 CFR 1.98(a) after the NIRC has been
mailed, the proceeding has entered the publication process for printing the reexamination
certificate. To automatically delay prosecution by pulling the proceeding from that process when
such a submission has been filed, without more, would be contrary to the Office’s statutory
mandate for "special dispatch”, as set forth in 35 U.S.C. 305.

For this reason, the submission must be accompanied by (A) a factual accounting providing a
sufficient explanation of why the information submitted could not have been submitted earlier,
(B) an unequivocal statement that one or more claims are unpatentable, and (C) an amendment to
such claim or claims, and an explanation as to how the amendment causes such claim or claims
to be patentable. This must be provided via a petition under 37 CFR 1.182 (with the petition
fee) for entry and consideration of the information submitted after NIRC. These requirements are
necessary to provide a basis for interrupting the proceeding after NIRC, in order for the Office to
comply with its statutory mandate for "special dispatch”.

CORRESPONDENCE AND INQUIRY AS TO OFFICE ACTIONS

10. All correspondence related to this ex parte reexamination proceeding should be directed
as follows:
Ex Parte Reexamination — Notice of Intent to Issue Ex Parte Reexamination Certificate Part of Paper No. 20220727
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By EFS: Registered users may submit via the electronic filing system EFS-Web, at
https://efs.uspto.gov/efile/myportal/efs-registered

For EFS-Web transmissions, 37 C.F.R. § 1.8(a)(1)(i) (C) and (i1) states that
correspondence (except for a request for reexamination and a corrected or replacement request
for reexamination) will be considered timely filed if (a) it is transmitted via the Office's
electronic filing system in accordance with 37 C.F.R. § 1.6(a)(4), and (b) includes a certificate of
transmission for each piece of correspondence stating the data of transmission, which is prior to
the expiration of the set period of time in the Office action.

Any inquiry by the patent owner concerning this communication or earlier
communications from the Legal Advisor or Examiner, or as to the status of this proceeding,

should be directed to the Central Reexamination Unit at telephone number (571) 272-7705.

Signed:

/HENRY N TRAN/
Primary Examiner, Art Unit 3992

Conferees:

/ANGELA M LIE/
Primary Examiner, Art Unit 3992

/ANDREW J. FISCHER/
Supervisory Patent Reexamination Specialist, Art Unit 3992

Ex Parte Reexamination — Notice of Intent to Issue Ex Parte Reexamination Certificate Part of Paper No. 20220727
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U.S. Patent No. 9,955,551 Atty. Dkt. No. TRCH 0102 RX
Response to Office Action of March 16, 2022

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re application of:

Yechezkal Evan SPERO Group Art Unit: 3992
Application/Control No.: 90/014,815 Examiner: Tran, Henry N.
Patent No.: 9,955,551

Filed: July 30, 2021

For: DETECTOR CONTROLLED ILLUMINATING SYSTEM

Attorney Docket No.. TRCHO102RX

PATENT OWNER RESPONSE TO REEXAMINATION
UNDER 37 C.F.R. 1.550 WITH AMENDMENT

Mail Stop Ex Parte Reexamination
Attn: Central Reexamination Unit
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
Commissioner:
Patentee submits the following response to the March 16, 2022 Office Action. In
addition, Patentee submits Exhibit OTH-A, claim amendments under 37 CFR 1.550(d), which

cancels claim 6.
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U.S. Patent No. 9,955,551 Atty. Dkt. No. TRCH 0102 RX
Response to Office Action of March 16, 2022

REMARKS

In response to the Examiner’s March 16, 2022 Office Action, Patentee asserts that the claim
limitation “electronic circuitry apparatus” in claims 6, 24, 32, 40, 48, 56, 64, 72 and 80 does not
invoke 35 U.S.C. § 112(f) or pre-AIA 35 U.S.C. § 112(6) as the claim limitation term includes a
structural modifier — “electronic circuitry.” Patent Owners notes that the Federal Circuit has ruled
that “the term ‘circuit’ coupled with a description in the claims of the circuit’s operation typically
conveys necessary structure.” See, e.g., Linear Tech Corp. v. Impala Linear Corp.,379F.3d 1311,
1230-21 (Fed. Cir. 2004), Apex Inc. v. Raritan Comp., Inc., 325 F.3d 1364, 1374 (Fed. Cir. 2003).

More specifically, as stated in MPEP 2181(I)(A), “apparatus for” is a non-structural
generic placeholder that may invoke 112(6), such that prong (A) of the test is satisfied. Similarly,

the claims include “for . . .” that links the functional language “controlled powering of the light

29

source . . .”, such that prong (B) of the test is satisfied. However, the generic placeholder

“apparatus” is modified by “sufficient structure . . . for performing the claimed function”, i.e.
“electronic circuitry”, such that prong (C) is not satistied and thus 112(6) does not apply. MPEP
2181(1)(A) acknowledges that a “circuit” or “circuitry” are structural terms that have been found

not to invoke 112(6):

The following are examples of structural terms that have been found not to invoke
35 US.C. 112(f) or pre-AIA 35 U.S.C. 112, paragraph 6: "circuit," "detent
mechanism," "digital detector," "reciprocating member," "connector assembly,"
"perforation," "sealingly connected joints," and "eyeglass hanger member." See
Mass. Inst. of Tech., 462 F.3d at 1355-1356, 80 USPQ2d at 1332 (the court found
the recitation of "aesthetic correction circuitry" sufficient to avoid pre-AIA 35
U.S.C. 112, paragraph 6, treatment because the term circuit, combined with a
description of the function of the circuit, connoted sufficient structure to one of
ordinary skill in the art.); Linear Tech. Corp. v. Impala Linear Corp., 379 F.3d
1311, 1321, 72 USPQ2d 1065, 1071 (Fed. Cir. 2004); Apex, 325 F.3d at 1373, 66
USPQ2d at 1452; Greenberg, 91 F.3d at 1583-84, 39 USPQ2d at 1786;
Personalized Media, 161 F.3d at 704-05, 39 USPQ2d at 1786; CCS Fitness, 288
F.3d at 1369-70, 62 USPQ2d at 1664-65; Cole v. Kimberly-Clark Corp., 102 F 3d
524, 531 (Fed. Cir. 1996), Waits, 232 F.3d at 881, 56 USPQ2d at 1839; A/-Site

Mercedes EX1010, Part 1 of 3
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U.S. Patent No. 9,955,551 Atty. Dkt. No. TRCH 0102 RX
Response to Office Action of March 16, 2022

Corp. v. VSI Int’l, Inc., 174 F.3d 1308, 1318-19, 50 USPQ2d 1161, 1166-67 (Fed.
Cir. 1999).

MPEP 2181(I)(A)

The specification is replete with examples of circuits and electronic circuitry (e.g., “The
electric power is received in the correct waveform, voltage and current from the power source 1,
or is conditioned within the DLF 2, by power conditioning elements and circuitry 57 [col. 19, 11.
66-67]) such that “persons of ordinary skill in the art reading the specification understand the term
to have a sufficiently definite meaning as the name for the structure that performs the function,
even when the term covers a broad class of structures or identifies the structures by their function”
as required by MPEP 2181 such that application of 112(6) is improper.

Finally, while Patentee is cancelling claim 6, as a point of clarification, Patentee notes that
in the non-final rejection of claim 6, the Examiner on page 7 equated both “electronic circuitry
apparatus” and “controller” of claim 6 to the same element of Stam, namely, the microcontroller
1015. The “electronic circuitry apparatus” is recited in claim 6 as “electronic circuitry apparatus
for the controlled powering of the light source and other illuminating device elements.” The
“controller” is recited in claim 6 as “a controller integrated within the structure in communication

29

with the light source controlling power circuitry...” Thus, based on the claim language, the
“electronic circuitry apparatus for the controlled powering of the light source” is the “light source
controlling power circuitry” with which the “controller” communicates. Applicant notes that
while the electronic circuitry apparatus being part of the controller is a possible construction under
112(6) of “electronic circuitry apparatus,” there are also numerous examples in the specification
where structure that would correspond to the claimed function — circuitry or the like “for the
controlled powering of the light source and other illuminating device elements” — is not actually
part of the controller and would constitute something external to the controller with which the

controller communicates (e.g. “power circuits available in the literature for driving the LEDs are

used as published in technical notes by manufactures such as Agilent®” [Col. 15, 11. 34-36]).

CONCLUSION

For at least the foregoing reasons, Patentee believes that 112(6) construction is improper.

Applicant agrees to cancel claim 6 and proceed with allowance of claims 24-87 and such action

Mercedes EX1010, Part 1 of 3
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U.S. Patent No. 9,955,551 Atty. Dkt. No. TRCH 0102 RX
Response to Office Action of March 16, 2022

by the Examiner is respectfully requested. If a telephone conference would resolve any additional
questions, such a call is invited at the Examiner’s convenience.
Please charge any fees or credit any overpayments as a result of the filing of this paper to

our Deposit Account No. 02-3978.

Respectfully submitted,
Yechezkal Evan SPERO

By:_ /Sangeeta G. Shah/
Brooks Kushman P.C.
Reg. No. 38,614
Attorneys for Patentee

Date: May 16. 2022

BROOKS KUSHMAN P.C.
1000 Town Center, 22nd Floor
Southfield, MI 48075-1238
Phone: 248-358-4400

Fax: 248-358-3351
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Reexam application of’
Group Art Unit: 3992
Yechezkal Evan SPERO

Examiner: Tran, Henry N.
Serial No.:  90/014,815
Filed: July 30, 2021
For: Detector Controlled Illuminating System

Attorney Docket No.. TRCHO102RX

STATEMENT UNDER 37 C.E.R. §1.565(d)

Mail Stop Reexam

Commissioner for Patents

U.S. Patent and Trademark Office
P.O. Box 1450

Alexandria, VA 22313-1450

Commissioner:

In accordance with 37 C.F.R. §1.565(d), the patent owner hereby informs the Office of a
concurrent proceeding in which U.S. Patent No 9,955,551 is involved, namely an ex parte

reexamination filed on July 30, 2021 and a broadening Reissue application, Serial No.

16/858,342 filed on April 24, 2020.

Mercedes EX1010, Part 1 of 3
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Serial N0.90/014,815 Atty. Dkt. No. TRCHO102RX
Statement under 37 C.FR. 1.565

Patent Owner hereby confirms that it does not intend and will not broaden claim 6 of the
9,955,551 patent as part of the broadening reissue application—eliminating any potential overlap
between the reexamination proceeding and the reissue application. To ensure the reexamination
proceeding can continue with special dispatch, Patentee hereby requests a stay of the reissue

application pending conclusion of the reexamination proceeding.

Should the Central Reexamination Unit have any questions or desire further clarification,

please contact the undersigned.

Respectfully submitted,
Yechezkal Evan Spero

By:__ /Sangeeta G. Shah/
Sangeeta G. Shah
Reg. No. 38,614
Attorney/Agent for Applicant

Date: May 6. 2022

BROOKS KUSHMAN P.C.
1000 Town Center, 22nd Floor
Southfield, MI 48075-1238
Phone: 248-358-4400

Fax: 248-358-3351
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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 OMB control number.
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(Continuation Sheet)
Issues to Be Discussed:
Issues (Rej., Claims/Fig. #s Prior Art Discussed | Agreed | Not
Ob;j., etc) Agreed

1 [ 35USC 112(f) | 6,24,32,40,48,56,| N/A
Claim 64,72 and 80
Interpretation

Brief Description of Arguments to be Presented:

Thank you for the courtesy of an interview. Patent Owner would like to discuss
the interpretation of the claim limitation “electronic circuitry apparatus” in claims 6,
24,32, 40, 48, 56, 64, 72 and 80 under 35 USC 112(f) or pre-AIA 35 USC 112(6). As
the relevant claims do not include the terms “means” or “step,” one or more aspects of
the phrase “electronic circuitry apparatus” is being considered to be a generic
placeholder under the 3-part test set forth in MPEP 2181(1).

Patent Owner points out that the term “apparatus” is preceded by a structural
modifier-- “electronic circuitry.” Patent Owner further notes that the Federal Circuit
has ruled that “the term ‘circuit’ coupled with a description in the claims of the
circuit’s operation typically conveys necessary structure. See, e.g., Linear Tech Corp.
v. Impala Linear Corp., 379 F.3d 1311, 1230-21 (Fed. Cir. 2004); Apex Inc. v. Raritan
Comp., Inc., 325 F.3d 1364, 1374 (Fed. Cir. 2003). Here, the claim term “electronic
circuitry apparatus” is followed by claim language “for the controlled powering of the
light source and other illuminating device elements”—which provides a description of
the circuit’s operation and conveys necessary structure.

Accordingly, Patent Owner would discuss at least prong (C) of the test set
forth in MPEP 2181(1) and takes the position that sufficient structure (“electronic
circuitry”) is provided in the noted claim limitation for performing the claimed
function. In the absence of fulfilment of prong (C), Applicant does not believe that 35
USC 112(f)/pre-AIA 35 USC 112(6) interpretation applies to the phrase “electronic
circuitry apparatus.”
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90/014,815 9955551
Office Action in Ex Parte Reexamination Examiner AT Unit Al (FITF) Status
Henry Tran 3992 No

Control No.

Patent Under Reexamination

-- The MAILING DATE of this communication appears on the cover sheet with the corresponderice address --

a. Responsive to the communication(s) filed on 30 July 2021,
(J A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

b. (J This action is made FINAL.

c. J A statement under 37 CFR 1.530 has not been received from the patent owner.

A shortened statutory period for response to this action is set to expire 2 month(s) from the mailing date of this letter.

Failure to respond within the period for response will result in termination of the proceeding and issuance of an ex parfe reexamination
certificate in accordance with this action. 37 CFR 1.550(d). EXTENSIONS OF TIME ARE GOVERNED BY 37 CFR 1.550(c).

If the period for response specified above is less than thirty (30) days, a response within the statutory minimum of thirty (30) days

will be considered timely.

Part| THE FOLLOWING ATTACHMENT(S) ARE PART OF THIS ACTION:
1. [ Notice of References Cited by Examiner, PTO-892. 3.0 Interview Summary, PTO-474.
2. Information Disclosure Statement, PTO/SB/08. 4.0 .
Partll  SUMMARY OF ACTION
1a. Claims 6 and 24-87 are subject to reexamination.
1b. Claims 1-5 and 7-23 are not subject to reexamination.
2. [0 Claims _____have been canceled in the present reexamination proceeding.
3. Claims 24-87 are patentable and/or confirmed.
4. Claims 6 are rejected.
5. [J Claims___ are objected to.
6. [J Thedrawings, fledon ____ are acceptable.
7. O The proposed drawing correction, filed on ____hasbeen (7a) [ approved (7b)
8. [J Acknowledgment is made of the priority claim under 35 U.S.C. 119(a)-(d) or (f).

9. [ Since the proceeding appears to be in condition for issuance of an ex parte reexamination certificate except for formal
matters, prosecution as to the merits is closed in accordance with the practice under £x parie Quayle, 1935 C.D.

a) JAl by [J Some*¢) [INone of the certified copies have
1 O been received.
2 (O not been received.
3 (J been filed in Application No. .
4 [J been filed in reexamination Control No.
5 {J been received by the International Bureau in PCT application No.

* See the attached detailed Office action for a list of the certified copies not received.

11,453 O.G. 213.

10. J Other:

cc: Requester (if third party requester)

[ disapproved.

U.S. Patent and Trademark Office
PTOL-466 (Rev. 08-13) Office Action in Ex Parte Reexamination

Part of Paper No. 20220315
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Control Number: 90/014,815 Page 2
Art Unit: 3992

EX PARTE REEXAMINATION
DETAILED NON-FINAL OFFICE ACTION

I. Summary of Proceedings
1. A Request pursuant to the provisions of 35 U.S.C. § 302-307 and 37 CFR § 1.510 et seq. for ex
parte reexamination of Claim 6 of U.S. Pat. No. 9,955,551 B1 (“the ‘551 patent”) issued on April 24,
2018 to Yechezkal Evan Spero (“Spero”) entitled “DETECTOR CONTROLLED ILLUMINATING
SYSTEM” was filed on July 30, 2021 (“the Request”) by Patent Owner and inventor Spero.
2. A substantial new question (SNQ) of patentability affecting Claim 6 of the ‘551 patent has been
found and the Order granting ex parte reexamination of Claim 6 of the ‘551 patent was mailed to the
Patent Owner on September 20, 2021.
3. The time, TWO MONTHS from the mailing date of September 20, 2021 of the Order, for Patent
Owner to file a statement under 37 CFR 1.530 (b) has expired. See MPEP § 2249. The ex parte
reexamination proceeding is being conducted in accordance with 37 CFR 1.550. See MPEP § 2254.
4. Under 35 U.S.C. 302 and 37 CFR 1.510(¢), the Patent Owner filed a proposed amendment with
the Request, see Exhibits OTH-C and OTH-D. MPEP § 2221. The proposed amendment complies with
the format and requirements of 37 CFR 1.530(d) through (j); and it has been entered in the
reexamination file record. Claim 6 is original, claims 24-87 are new. Thus, claims 6 and 24-87 are
pending or “live” claims. Of which, claims 6, 24, 32, 40, 48, 56, 64, 72, and 80 are nine (9) independent
claims. Claims 6 and 24-87 are being reexamined/examined in this Office action.
5. Although the Office action will treat proposed amendment as though it has been entered, the
proposed amendment will not be effective until the reexamination certificate is issued and published, 37
CFR 1.530(k). MPEP § 2234.

6. Claim 6 is rejected, and Claims 24-87 are patentable.

Ex Parte Reexamination — Non-Final Office Action Part of Paper No. 20220315
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I1. Prior Art References
1. The prior art patents and printed publications, or non-prior art patents under 37 CFR 1.510(b)(3),
see form PTO/SB/08a, submitted with the Request and cited in the proposed rejections, see also pages i,
12, and 20 of the Request, are re-listed as follows.
(1) WO 01/70538 A2 filed on March 20, 2001 (PCT/US01/08912) by Stam et al., and is
published on September 27, 2001, (hereinafter “Stam et al.”, or “Stam PCT”), (Ex. PA-
A).

(2) U.S. Pat. No. 6,406,172 B1 issued on Jun. 148, 2002 to Harbers et al. (heremafter
“Harbers” or “the ‘172 patent”), (Ex. PA-B).

2. None of the above-identified prior art patent and printed publication were considered

during original prosecution of the ‘551 patent.

IT1. Claim Interpretation

1. The following is a quotation of 35 U.S.C. 112(f):

(D) Element in Claim for a Combination. —An element in a claim for a combination may be expressed
as a means or step for performing a specified function without therecital of structure, material, or acts
in sup port thereof, and such claim shall be construed to cover the corresponding structure, material, or
acts described in the specification and equivalents thereof.

The following is a quotation of pre-AIA 35 U.S.C. 112, sixth paragraph:

Anelement in a claim for a combination may be expressed as a means or step for performing a
specified function without the recital of structure, material, or acts in support thereof, and such claim
shall be construed to cover the corresponding structure, material, or acts described in the specification
and equivalents thereof.

2. This application includes one or more claim limitations that do not use the word “means,”
but are nonetheless being interpreted under 35 U.S.C. 112(f) or pre-AIA 35 U.S.C. 112, sixth
paragraph, because the claim limitation(s) uses a generic placeholder that is coupled with

functional language without reciting sufficient structure to perform the recited function and the

Ex Parte Reexamination — Non-Final Office Action Part of Paper No. 20220315
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generic placeholder is not preceded by a structural modifier. Such claim limitation(s) is/are:
“electronic circuit apparatus” in claims 6, 24, 32, 40, 48, 56, 64, 72, and 80.

Because this/these claim limitation(s) is/are being interpreted under 35 U.S.C. 112(f) or
pre-AIA 35 U.S.C. 112, sixth paragraph, it/they is/are being interpreted to cover the
corresponding structure described in a preferred embodiment as “logic control electronics unit
77, id. at Fig. 1, and col. 25:35-50, in the specification as performing the claimed function, and
equivalents thereof.

If applicant does not intend to have this/these limitation(s) interpreted under 35 U.S.C.
112(f) or pre-AIA 35 U.S.C. 112, sixth paragraph, applicant may: (1) amend the claim
limitation(s) to avoid it/them being interpreted under 35 U.S.C. 112(f) or pre-AIA 35 U.S.C. 112,
sixth paragraph (e.g., by reciting sufficient structure to perform the claimed function); or (2)
present a sufficient showing that the claim limitation(s) recite(s) sufficient structure to perform
the claimed function so as to avoid it/them being interpreted under 35 U.S.C. 112(f) or pre-AIA

35 U.S.C. 112, sixth paragraph.

IV. Claim Rejections - 35 USC § 102
1. In the event the determination of the status of the application as subject to AIA 35 U.S.C.
102 and 103 (or as subject to pre-AIA 35 U.S.C. 102 and 103) is incorrect, any correction of the
statutory basis for the rejection will not be considered a new ground of rejection if the prior art
relied upon, and the rationale supporting the rejection, would be the same under either status.
2. The following is a quotation of the appropriate paragraphs of pre-AIA 35 U.S.C. 102 that

form the basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless —

Ex Parte Reexamination — Non-Final Office Action Part of Paper No. 20220315
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(b) theinvention was patented or described in a printed publicationin this or a foreign country orin
public use or on sale in this country, more than one year prior to the date of application for patent in the
United States.

3. Claim 6 is rejected under pre-AIA 35 U.S.C. 102(b) as being anticipated by Stam PCT
(PCT/US01/08912).

Regarding claim 6, Stam PCT teaches an illuminating system 400 having automatic
controlling of the light provided to an illuminated area (automatically controlling of the exterior
lights provided to regions of the field of view directly in front of a vehicle), id. Ex. PA-A at
Abstract, and pages 2-3, comprising:

e a structure (a vehicle) 100 for incorporating illuminating device elements (headlamps) 111 or
1131,1132, (a microcontroller or controller) 1015, animage sensor 201, etc. (Stam PCT teaches
a controlled vehicle 100 for incorporating illuminating device elements comprising exterior
lights, e.g., headlamps 111 or 1131, 1132, a controller 1015, an image sensor 201, etc.), id. Ex.

PA-A at Abstract, and Figs. 1 and 11;

Ex Parte Reexamination — Non-Final Office Action Part of Paper No. 20220315
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Fig. 11 is acircuit schematic illustrating a circuit for an optical sensor system and
an electrochromic mirror.

e one or more light sources (headlamps) 111, 0r 1131,1132, or (LED headlamps) 2600,
incorporated in the structure and in communication with a power source (electrical conductor
strips) 2607,2613 (Stam PCT teaches LED headlamps 2600 having LEDs (semiconductor
optical radiation emitters) 2603, 2605 connected to an electrical conductor strips 2607 and 2613
for operation), id. atFigs. 1, 11, or 26a and 26b, and pages 73-74;
® clectronic circuitry apparatus (a headlamp controller, or a microcontroller) 1015 for the
controlled powering of the light source and other illuminating device elements, id. at Figs. 34-36,
and pages 70-72;
® one or more cameras (e.g., an image sensor) 201 coupled to a GPS receiver 3450, and placed
on the structure for detecting coordinate-specific information about the illuminated area, said
camera in communication with power and control device elements (Stam PCT teaches a
controlled vehicle 100 having an automatic headlamp dimmer includes an optical sensor
system 102 comprising an image sensor 201 for detecting the headlamps 104 of an oncoming
vehicle 105 and the tail lights 108 of a preceding vehicle 110; wherein, the headlamps 111 of the
controlled vehicle 100 are controlled automatically to avoid shining the high beams, or
bright lights, directly into the eyes of a driver of oncoming vehicle 105 or by reflection into
the eyes of the driver of the preceding vehicle 110, id. at Figs. 1 and 11, and pages 10-11; and
wherein, the microcontroller 1015 utilizes the location and direction of the vehicle (ie.,
coordinate-specific information about the vehicle) identified by the GPS receiver 3450 for

controlling the exterior lights on the vehicle.) id. at Fig. 1, 11 and 34, and page 72;

Ex Parte Reexamination — Non-Final Office Action Part of Paper No. 20220315
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e a controller (a microcontroller) 1015 integrated with the structure (a vehicle) 100, in
communication with the light source (e.g., headlamps) 111 controlling power circuitry (a
headlamp drive) 1104 (including a DC power supply), said controller arranged to processes the
information communicated from the camera and automatically control the light provided to the

illuminated area), id. at Fig. 1, 11, 12 and 34, and pages 27-28 and 72.

Ty 42

Fig. 12 is acircuit schematic illustrating a headlamp drive (1104) for the circuit of Fig. 11
Claim 6 is therefore rejected.
V. Allowable Subject Matter

1. Claims 24-87 are allowed.
2. The following is an examiner’s statement of reasons for allowance:

The present invention is directed to a detector-controlled illumination system comprising
a digital lighting fixture (DLF) 2 having multiple solid-state light sources (SLS) 3 affixed or
mounted to a structure or a mechanical device 4, a power conditioning circuitry 5, optical
elements 6, a control electronics unit 7, and one or more sensors 8. See Fig. 1, and col. 24:51-55.

Particularly,

Ex Parte Reexamination — Non-Final Office Action Part of Paper No. 20220315
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Regarding inde pendent claims 24, 32, 40, 48, 56, 64, 72, and 80, cachrecites an
illuminating device comprising a DLF (i.e., headlamps) 270 having a plurality of individually
controllable LEDs 275, one or more sensors 280, and a controller 279 mounted to the structure of
a motor vehicle 271 for automatically control the light provided to an illuminated area of the
headlamp 270 of a motor vehicle 271, see Fig. 15. The claims each identifies, inter alia, the
uniquely distinct features: memory storing instructions that, when executed by one or more
processors of the controller, enable the controller to perform the following specific functional

operations of:

o Claim 24: “determine first coordinates ...”, “select a cluster ...”, and “change emission of ...”,
as recited on lines 21-29 of claim 24.

e Claim 32: “create a beam of ...”, and “follow, based at least ...”, as recited on lines 21-29 of
claim 32.

® Claim 40: “determine a first cluster of ...”, “diminish glaring illumination of ...”, “determine a
second, different cluster of the LEDs ...”, and “diminish glaring illumination of the second ...”,

as recited on lines 21-33 of claim 40.

e Claim 48: “illuminate a portion of ..., the first cluster selected based at least in part on known
aimings of light associated with the first cluster determined to correspond to the first area, and
the first light determined based at least in part on classifying the object ...”, as recited on lines

20-30 of claim 48.

2
2

e Claim 56: “determine, based on data ...”, “select a first cluster ...”, and “reduce intensity of

...”, asrecited on lines 21-29 of claim 56.

2
2

2
2

o Claim 64: “select a first cluster ...”, “control a first change to ...”, “select a second, different

cluster of the LEDs having...” and “control a second, ...”, as recited on lines 21-33 of claim 64.

Ex Parte Reexamination — Non-Final Office Action Part of Paper No. 20220315
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® Claim 72: “determine a target based on ...”, “determine a fist target location ...”, “select a
cluster of the LEDs having ...”, “vary illumination ...”, and “maintain a variance of illumination
...”, asrecited on lines 20-31 of claim 72.

o Claim 80: “identify, based on data received from ...”, and “change, responsive to the positions

associated with the target, first light ...”, as recited on lines 21-26 of claim 80.

Whereas, the cited prior art references:

= Stam PCT (Ex. PA-A) teaches a system and method of automatically controlling exterior
vehicle lights includes headlamps (111), an image sensor (201) and a controller (1105) to
generate control signals provided a control circuit, e.g., a headlamp drive, (1104) for turning
certain exterior lights on or off, or change the brightness, aim, focus, etc. to produce various
beam patterns that maximize the illuminated area in front of the vehicle without causing
excessive glare in the eyes of the other drivers. Id. Abstract, and Fig. 11. Particularly, Stam
PCT teaches a controlled vehicle 100 having an automatic headlamp dimmer includes an
optical sensor system 102 comprising an image sensor 201 for detecting the headlamps 104 of an
oncoming vehicle 105 and the tail lights 108 of a preceding vehicle 110; wherein, the headlamps
111 of the controlled vehicle 100 are controlled automatically to avoid shining the high
beams, or bright lights, directly into the eyes of a driver of oncoming vehicle 105 or by
reflection into the eyes of the driver of the preceding vehicle 110, id. atFigs. 1 and 11, and
pages 10-11; and wherein, the microcontroller 1015 utilizes the location and direction of the
vehicle identified by the GPS receiver 3450 for controlling the exterior lights on the vehicle.) id.
at Fig. 1, 11 and 34, and page 72.

= Harbers (Ex. PA-B) teaches a headlamp and dynamic lighting system for a vehicle (1)

comprising a headlamp (2, 3) provided with a light source (4, 5) having a plurality of opto-

Ex Parte Reexamination — Non-Final Office Action Part of Paper No. 20220315
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electronic elements (11, 12, 13, 14), preferably LEDs, which emits light beams 6, 6’...; 7, 7, ...
in a longitudinal direction 9. Wherein, the spatial distribution of the light beams generated by
the opto-electronic elements of the light source can be continuously adjusted or switched on and
off, in dependence upon the velocity of the vehicle, the rotational position of the steering wheel,
or weather conditions, etc. for providing an improved visibility of the surroundings of the
vehicle. See Abstract, Figs.1A, 1B, and 2, col. 5:31-43, col. 6:58-col. 7:22, col. 7:50-51, and col.
8:1-13.

However, the Stam PCT and Harbers, either singularly or in combination, fails to teach or
suggest the controller configured to perform the above-identified functional operations of the
claimed inventions.

Regarding dependent claims 24-31, 33-39,41-47,49-55,57-63, 65-71,73-79, and 81-
87, cachdirectly or indirectly depends on the base claims 24, 32, 40, 48, 56, 64, 72, and 80,
respectively, and is allowed et least due to its dependency.

Any comments considered necessary by applicant must be submitted no later than the
payment of the issue fee and, to avoid processing delays, should preferably accompany the issue
fee. Such submissions should be clearly labeled “Comments on Statement of Reasons for
Allowance.”

VI. Information Disclosure State ment
1. The Patent Owner’s information disclosure statement (IDS), see form PTO/SB/08a,
submitted with the Request filed on July 30, 2021 in accordance with 37 CFR 1.98, has been
considered. The information comprising patents and publications cited in form PTO/SB/08a has
been considered to the extent suggested in the MPEP. See MPEP § 2014. Note that MPEP §§ 2256

and 2280 indicate that degree of consideration to be given to such information will be normally

Ex Parte Reexamination — Non-Final Office Action Part of Paper No. 20220315
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limited by the degree to which the party filing the information citation has explained the content and

relevance of the information.

VII. CONCLUSION

1. Claim 6 is rejected, and Claims 24-87 are patentable.

VIII. CORRESPONDENCE
1. Notice Re Patent Owner’s Correspondence Address
Effective May 16, 2007, 37 CFR 1.33(c) has been revised to provide that: The Patent owner's
correspondence address for all communications in an ex parte reexamination is designated as the
correspondence address of the patent.
Revisions and Technical Corrections Affecting Requirements for Ex Parte,
72 FR 18892 (April 16, 2007) (Final Rule).
The correspondence address for any pending reexamination proceeding not having the

same correspondence address as that of the patent is, by way of his revision to 37 CFR
1.33(c), automatically changed to that of the patent file as of the effective date.

This change is effective for any reexamination proceeding which is pending before the Office as

of May 16, 2007, including the present reexamination proceeding, and to any reexamination

proceeding which is filed after that date.

Parties are to take this change into account when filing papers, and direct communications
accordingly.

In the event the patent owner’s correspondence address listed in the papers (record) for the
present proceeding is different from the correspondence address of the patent, it is strongly

encouraged that the patent owner affirmatively file a Notification of Change of Correspondence

Ex Parte Reexamination — Non-Final Office Action Part of Paper No. 20220315
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Address in the reexamination proceeding and/or the patent (depending on which address patent
owner desires), to conform the address of the proceeding with that of the patent and to clarify the
record as to which address should be used for correspondence.

Telephone Numbers for reexamination inquiries:

Reexamination (571) 272-7703

Central Reexam Unit (CRU) (571) 272-7705

Reexamination Facsimile Transmission No. (571) 273-9900
2. In order to ensure full consideration of any amendments, affidavits or declarations, or
other documents as evidence of patentability, such documents must be submitted in response to
this Office action. Submissions after the next Office action, which is intended to be a final
action, will be governed by the requirements of 37 CFR 1.116, after final rejection and 37 CFR
41.33 after appeal, which will be strictly enforced.
3. The patent owner is reminded of the continuing responsibility under 37 CFR 1.565(a) to
apprise the Office of any litigation activity, or other prior or concurrent proceeding, involving the
‘551 patent throughout the course of this reexamination proceeding. See MPEP §§ 2207, 2282
and 2286.
4. Extensions of Time
Extensions of time under 37 CFR 1.136(a) will not be permitted in these proceedings because the
provisions of 37 CFR 1.136 apply only to “an applicant" and not to parties in a reexamination
proceeding. Additionally, 35 U.S.C. 305 requires that reexamination proceedings "will be
conducted with special dispatch” (37 CFR 1.550(a)).

Extension of time in reexamination proceedings are provided for in 37 CFR 1.550(c).
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5. All correspondence related to this ex parte reexamination proceeding should be directed

as follows:

By EFS-Web: Registered Users may submit correspondence via EFS-Web, at
https://efs.uspto.gov/efile/myportal/efs-registered.

By Mail to:  Mail Stop ex parte Reexam
Central Reexamination Unit
Commissioner for Patents
United States Patent & Trademark Office
P.O. Box 1450
Alexandria, VA 22313-1450

By FAX to:  (571) 273-9900
Central Reexamination Unit

For electronic transmissions, 37 CFR 1.8(a)(1)(i) (C) and (ii) states that correspondence
(except for a request for reexamination and a corrected or replacement request for
reexamination) will be considered timely filed if (a) it is transmitted via the Office's electronic
filing system in accordance with 37 CFR 1.6(a)(4), and (b) includes a certificate of transmission
for each piece of correspondence stating the date of transmission, which is prior to the expiration
of the set period of time in the Office action.

EFS-Web offers the benefit of quick submission to the particular area of the
Office that needs to act on the correspondence. Also, EFS-Web submissions are “soft-
scanned’ (i.e., electronically uploaded) directly into the official file for the reexamination
proceeding, which offers parties the opportunity to review the content of their submission

after the "soft scanning” process is complete.
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Any inquiry concerning this communication should be directed to the Central

Reexamination Unit at telephone number (571) 272-7705.

Signed:

/HENRY N TRAN/
Primary Examiner, Art Unit 3992

Conferees:

/ANGELA M LIE/
Primary Examiner, Art Unit 3992

/ANDREW J. FISCHER/
Supervisory Patent Reexamination Specialist, Art Unit 3992
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-- The MAILING DATE of this communication appears on the cover sheet with the correspondernce address. --

All participants (USPTO official and patent owner):

(1) MANUEL SALDANA, CRU 3)

(2) SANGEETA SHAH, REG 38614 4)

Date of Telephonic Interview: 06 October 2021.

A. The USPTO official requested waiver of the patent owner’s statement pursuant to the pilot program for
waiver of patent owner’s statement in ex parfe reexamination proceedings.”

The patent owner agreed to waive its right to file a patent owner’s statement under 35 U.S.C. 304 in the event
reexamination is ordered for the above-identified patent.

(O The patent owner did not agree to waive its right to file a patent owner’s statement under 35 U.S.C. 304 at this
time.

(J USPTO personnel were unable to reach the patent owner.**

B. The Patent Owner of record telephoned the Office and indicated they would like to participate in the pilot
program for waiver of patent owner’s statement in ex parfe reexamination proceedings.*

(J The Patent owner of record telephoned the Office and agreed to waive its right to file a patent owner’s statement
under 35 U.S.C. 304 in the event reexamination is ordered for the above-identified patent.

The patent owner is not required to file a written statement of this telephone communication under 37 CFR 1.560(b) or
otherwise. However, any disagreement as to this interview summary must be brought to the immediate attention of the
USPTO, and no later than one month from the mailing date of this interview summary. Extensions of time are
governed by 37 CFR 1.550(c).

*For more information regarding this pilot program, see Pilof Program for Waiver of Patent Owner’s Stalement in Ex

Parte Reexamination Proceedings, 75 Fed. Reg. 47269 (August 5, 2010), available on the USPTO Web site at
http://www.uspto.gov/patents/law/notices/2010.jsp.

**The patent owner may contact the USPTO personnel at (571) 272-7705 or at the telephone number provided below if
the patent owner decides to waive the right to file a patent owner’s statement under 35 U.S.C. 304.

/MANUEL SALDANA/ (671)272-7740
Signature and telephone number of the USPTO official, who contacted, was contacted by, or attempted to contact the patent owner.

cc: Requester (if third party requester)

U.S. Patent and Trademark Office Paper No. 20211006
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--The MA/LING DATE of this communication appears on the cover sheet with the correspondence address--

The request for ex parfe reexamination filed 07/30/2021 has been considered and a determination has
been made. An identification of the claims, the references relied upon, and the rationale supporting the

determination are attached.

Attachments: a) PTO-892,

b)O PTO/SB/08,  c) Other:

1. The request for ex parfe reexamination is GRANTED.

RESPONSE TIMES ARE SET AS FOLLOWS:

For Patent Owner's Statement (Optional): TWO MONTHS from the mailing date of this communication
(37 CFR 1.530 (b)). EXTENSIONS OF TIME ARE GOVERNED BY 37 CFR 1.550(c).

For Requester's Reply (optional): TWO MONTHS from the date of service of any timely filed
Patent Owner's Statement (37 CFR 1.535). NO EXTENSION OF THIS TIME PERIOD IS PERMITTED.
If Patent Owner does not file a timely statement under 37 CFR 1.530(b), then no reply by requester

is permitted.

HENRY N TRAN/
Primary Examiner, Art Unit 3992

ANGELA M LIE/
Primary Examiner, Art Unit 3992

cc:Requester ( if third party requester )

U.S. Patent and Trademark Office
PTOL-471G(Rev. 01-13)

Office Action in £x Parfe Reexamination
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I. DECISION ON REQUEST

1. A substantial new question (SNQ) of patentability affecting claim 6 of U.S. Patent No.
9,955,551 B2 issued on April 24, 2018 to Yechezkal Evan Spero entitled “DETECTOR
CONTROLLED ILLUMINATING SYSTEM?” (“the ‘551 patent”) are raised by the Request

for Ex Parte Reexamination of claim 6 of the ‘551 patent under 35 U.S.C. § 302 and 37 CFR. §

1.510 filed on July 30, 2021 (“the Request”) by the Patent Owner (“Requester”).

2. For the reasons set forth below, the Examiner has determined that the prior art patents and
printed publication cited in the Request raise a SNQ of patentability regarding claim 6 of the

‘551 patent. Therefore, the Request is GRANTED. Claim 6 will be reexamined.

3. Under 37 C.F.R. § 1.510 (e), the Patent Owner filed with the Request a proposed amendment
in accordance with § 1.530 for adding new claims 24-87. MPEP § 2221 states “The decision on
the Request will be made on the basis of the patent claims as though the proposed amendment
had not been presented. However, if the request for reexamination is granted, all subsequent
reexamination prosecution and examination should be on the basis of the claims as amended.
Accordingly, since the request for reexamination of claim 6 is granted by this order, the ‘551

patent claim 6 and newly added claims 24-87 will be reexamed and/or examed.

II. THE REQUEST

1. Cited Prior Art References
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Mercedes EX1010, Part 1 of 3
U.S. Patent No. 9,955,551



Control Number: 90/014,815 Page 3
Art Unit: 3992

The prior art patents and printed publications, or non-prior art patents under 37 CFR 1.510(b)(3),
see form PTO/SB/08a, submitted with the Request and cited in the proposed rejections, see also
pages 1, 12, and 20 of the Request, are re-listed as follows.

(1) WO 01/70538 A2 filed on March 20, 2001 (PCT/US01/08912) by Stam et al., and is
published on September 27, 2001, (hereinafter “Stam et al.”, or “Stam PCT”), (Ex. PA-A).

(2) U.S. Pat. No. 6,406,172 B1 issued on Jun. 148, 2002 to Harbers et al. (hereinafter “Harbers”
or “the ‘172 patent”), (Ex. PA-B).

None of the above-identified prior art patent and printed publication were considered during

prosecution of the ‘551 patent.

2. Other exhibits and supporting documents

Other exhibits and supporting documents, i.e., OTH-A through OTH-H and Exhibits 1 through
11 or evidence under 37 CFR 1.510(b)(3), see pages ii-v of the Request, submitted with the
Request for providing explanation supports of the Requester’s SNQ of patentability, newly
added claims, and/or the pertinency and manner of applying the cited prior artreferences to
claim 6 for which reexamination is requested, or the ‘551 patent prosecution history, are hereby

acknowledged and fully considered as appropriate.

3. Substantial New Question (SNQ) of Patentability

Under rule 37 CFR 1.510 (b)(1), the Request, see page 1 and pages 35, identified the following

substantial new question (SNQ) of patentability.

SNQ: The Stam PCT and Harbers combination raises a SNQ of pate ntability
regarding claim 6 of the ‘551 patent.
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4. Proposed Rejections

Under rule 37 CFR 1.510 (b)(2), the Request identified the following proposed grounds of
rejection of claim 6 of the ‘551 patent for supporting the SNQ. Particularly, Stam PCT and
Harbers, each teaches certain limitations of the ‘551 patent claim 6; and thus, the combination of

Stam PCT and Harbers raises a substantial new question of patentability of claim 6, see pages

36-37.

III. THE °551 PATENT AND ITS PROSECUTION HISTORY

1. The ’551 patent related applications

* The ’551 patent, entitled “Detector Controlled Illuminating System,” issued on April 24,

2018 to inventor Yechezkal Evan Spero and is unassigned.

= U.S. Patent Application which led to the 551 patent is the U.S. patent application No.
13/357,549 (“the 549 app”), which was filed on January 24, 2012, and is a continuation-in-part
of application No. 10/604,360 filed on Jul. 14, 2003, now U.S. Patent No. 8,100,552 (parent
patent) with a priority date of July 12, 2002. (Ex. PAT-A).

= U.S. Patent Application 15/961,861 filed on April 24, 2018, now U.S. Patent No. 10,894,503
issued on January 19, 2021 is a continuation of the ‘551 patent.

« U.S. Patent Application 16/858,342 filed on April 24, 2020 is a broadening reissue application
of the 551 patent and is currently pending. This broadening reissue application currently
includes a total of 44 claims, including claim 6 of the original ‘551 patent, which is also included
in this reexamination request. Accordingly, If this request for ex parte reexamination results in a
determination and order for ex parte reexamination under 35 U.S.C. § 1.525, it will result in
concurrent office proceedings. Merger of the reissue and ex parte reexamination proceedings will
be considered as appropriate. 37 C.F.R. § 1.565 and MPEP § 2285.
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= U.S. Patent Application 17/152,399 filed on Jan. 19, 2021, which is a continuation of U.S.

Patent No. 10,894,503, is pending.

2. The 551 patent

The 551 patent relates to an illuminating device (system) coupled with sensors or an image
acquisition device and a logical controller allows illumination intensity and spectrum to be
varied according to changing user needs. The device provides illumination to areas according to
the principles of correct lighting practice for the optimal performance of visual tasks in the most
efficient, cost effective manner. Aspects of the invention include lighting fixtures, which adapt
to ambient lighting, movement, visual tasks being performed, and environmental and personal
conditions affecting illumination requirements at any given instant. Lighting fixtures having
spatial distribution of spectrum and intensity, providing both “background” room lighting, and
“task” lighting. See Abstract, Figs. e.g., 1, 12, 15, 22, and 29-32, col. 13:10-23, and col. 45:45 to

col. 46:37.

3. Prosecution history of the ‘551 patent

A brief summary of the most relevant portions of the ‘549 app prosecution is as follows.

® On August 15, 2016, a Non-Final Rejection was sent out, inter alia, rejecting claims 1, 2, 5-7,
19, 21 and 25, objecting claims 3, 4, 20, and 22-24, and indicating claims 8-18 allowable.
Particularly, claims 1, 2, 5-7, 19, 21 and 25, including claim 6, were rejected under pre-AlA 35

U.S.C. § 102(e) as being anticipated by Kuhlman etal. (US 2012/0287493).
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® On January 16, 2017 and August 1, 2017, Applicant filed Amendments and pointed out that:
(1) the Kuhlman et al. reference (US 2012/0287493) is a disqualified prior art reference under 35
U.S.C. § 102 because it was filed on May 12, 2011, which is after the ‘551 patent’s priority date
of July 14, 2003, which is the filing date of the ‘551 patent’s parent patent (U.S. Patent No.
8,100,552), see pages 9-12 of the Jan. 16, 2017 Amendment; and (ii) with respect to claim 6,
Figs. 12, 18, 20A, 22 and 31 and 9s [0183] and [0308] of the ‘549 app disclosure describe the
limitations of claim 6, see pages 9-10 of the August 1, 2017 Amendment, which are not taught

by Kuhlman.

® On August 11, 2017, a Final Office action was sent out, inter alia, rejecting claims 19 and 25,
objecting claims 20-24, and indicating claims 1-18 allowable. The Examiner’s reasons for
allowance of claims 1-18 was provided in the previous Office actions, see pages 4-5 of the
August 11, 2017 Office action, pages 5-6 of the Office action mailed on May 1, 2017, and pages

7-8 of the Office action mailed on August 15, 2016.

e On November 13, 2017, Applicant filed an AF amendments maintaining original claims 1-18
and 21, canceling claims 20 and 25, amending claims 19 and 22-24 to include the allowable
subject matters recited in claim 20, and arguing that the rejections of claims 19 and 25 under Pre-
ATA 35 USC 102(e) as being anticipated by Mueller etal. (US 2004/0052076) have been

overcome, see page 10 of the November 13, 2017 AF amendment.

® On December 19, 2017, a Notice of Allowance was sent out indicating that all pending claims
1-19 and 21-24 are allowed and providing the reasons for allowance of claims 19 and 21-24, and
indicating the reasons for allowance of claims 1-18 were provided in the previous office action
subject matter, see pages 2-3 of the December 19, 2017 Notice of Allowance.
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e On April 24, 2018, the ‘549 app was issued as the *551 patent having a total of 23 claims. Of
which, claims 1, 6, 8, and 19 are independent claims. See the 551 patent claims. Ex. PAT-A.
Accordingly, based on the prosecution history of the ‘551 patent, and with respectto claim 6, the
claim is allowable because the closest prior art references,i.e., Kuhlman etal (US
2012/0287493) and/or Mueller etal. (US 2004/0052076), are either disqualified as a prior art

(13

reference or fail to teach or suggest one or more of the following elements and/or limitations “a

29 LC

structure”,

2 29 LC

one or more light sources”, “electronic circuitry apparatus”, “one or more cameras
placed on the structure for detecting coordinate-specific information about the illuminated area”,

and “a controller” recited in claim 6.

® The ‘551 patent base claim 6 is repeated below.

6. Anilluminating device having automatic control of the light provided to an illuminated

area comprising:

a structure for incorporating illuminating device elements;

one or more light sources incorporated in the structure and in communication with a power
source;

electronic circuitry apparatus for the controlled powering of the light source and other
illuminating device elements;

one or more cameras placed on the structure for detecting coordinate-specific information about
the illuminated area, said camera in communication with power and control device
elements;

a controller integrated with the structure, in communication with the light source controlling
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power circuitry, said controller arranged to [sic] processes the information
communicated from the camera and automatically control the light provided to the

illuminated area.

IV. ANALYSIS OF THE SNQ

1. Criteria for Deciding Ex Parte Reexamination Request Filed under 35 U.S.C. § 302

e The presence or absence of "a substantial new question of patentability” determines whether

or not reexamination is ordered.

n

e For "a substantial new question of patentability” to be present, it is only necessary that: (A)

the prior art patents and/or printed publications raise a substantial question of patentability
regarding at least one claim, i.e., the teaching of the (prior art) patents and printed publications is
such that a reasonable examiner would consider the teaching to be important in deciding whether
or not the claim is patentable; and (B) the same question of patentability as to the claim has not
been decided by the Office in an earlier concluded examination or review of the patent, raised to
or by the Office in a pending reexamination or supplemental examination of the patent, or

decided in a final holding of invalidity (after all appeals) by a federal court in a decision on the

merits involving the claim. MPEP § 2242.1.

2. Analysis

SNQ: The Stam PCT and Harbers combination raises a SNQ of pate ntability
regarding claim 6 of the ‘551 patent.

It is agreed that the consideration of the combination of Stam PCT and Harbers raises a SNQ as to
Claim 6 of the ‘551 patent.
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Stam PCT (Ex. PA-A)

e Stam PCT (WO 01/70538 A2), filed on March 20, 2001, and was published on September 27,
2001, which was more than a year before the priority date of July 12, 2002 of the parent patent
U.S. Patent No. 8,100,552 of the ‘551 patent. Accordingly, Stam PCT qualifies as a prior art
reference under 35 U.S.C. § 102(b).

e Stam PCT is directed to an illuminating system (400) and method of automatically controlling
exterior vehicle lights includes an image sensor (201) and a controller (1105) to generate control
signals. The control signals are derived based on information obtained from the image sensor as
well as other detected parameters pertaining to the detected light source(s), the vehicle having
the inventive control system, and the ambient environment. The control circuit may simply turn
certain exterior lights on or off, or change the brightness, aim, focus, etc. to produce various
beam patterns that maximize the illuminated area in front of the vehicle without causing

excessive glare in the eyes of other drivers. Ex. PA-A at Abstract, and Fig. 11.

q_&y e TFETF T3
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e Stam PCT teaches the following elements and/or limitations of claim 6 including:

a structure for incorporating illuminating device elements (Stam PCT teaches a controller vehicle
100 for incorporating illuminating device elements comprising exterior lights, e.g., headlamps
1131, 1132, a control system comprising a controller 1015, an image sensor 201, etc.), Ex. PA-A
at Abstract, and Figs. 1 and 11;

one or more light sources incorporated in the structure and in communication with a power
source (Stam PCT teaches the use of LED headlamps 2600 having emitter 2603 and 2605
connected to an electrical connection for operation), Ex. PA-A at Figs. 26a and 26b, and pages
73-74;

one or more cameras placed on the structure for detecting coordinate-specific information about
the illuminated area, said camera in communication with power and control device elements
(Stam PCT teaches the control system comprises an image array sensor including a plurality of
pixels, an optical system configured to image the scene forward of the controlled vehicle onto the
image array sensor, the optical system including a forward most surface, and a control circuit for
processing the image of the scene obtained from the image array sensor and for controlling

the exterior lights in response to objects detected in the processed scene.), Ex. PA-A at2-3; and
a controller integrated with the structure, in communication with the light source controlling
power circuitry, said controller arranged to [sic] processes the information communicated from
the camera and automatically control the light provided to the illuminated area (Stam PCT
teaches a system for automatically controlling exterior vehicle lights comprising an image sensor
(201) and a controller (1105) to general control signals. The control signals are derived on

information obtained from the image sensor as well as other detected parameters pertaining to
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the detected light source(s), the vehicle having the inventive control system, and the ambient
environment. (Ex. PA-A at Abstract). The control system comprises an image array sensor
including a plurality of pixels, an optical system configured to image the scene forward of the
controlled vehicle onto the image array sensor, the optical system including a forward most
surface, and a control circuit for processing the image of the scene obtained from the image array
sensor and for controlling the exterior lights in response to objects detected in the processed

scene. Ex. PA-A at5.

Harbers (U.S. Pat. No. 6.406,172)

e Harbers (U.S. Pat. No. 6,406,172), filed on Jun. 22, 2000, and was issued on Jun. 18, 2002,
which was before the priority date of July 12, 2002 of the parent patent U.S. Patent No.
8,100,552 of the ‘551 patent. Accordingly, Harbers qualifies as a prior artreference under 35

U.S.C. § 102(e).

e Harbers is directed to a headlamp and dynamic lighting system for vehicles (1), id. Fig. 1. The
system includes a light source (4, 5) comprising a plurality of opto-electronic elements (11, 12, 13,
14), preferably LEDs, id. Figs. 1-3. Wherein, the spatial distribution of the light beam (6, 6, ...;
7,7, ...) generated by the light source is continuously adjustable based on the speed of the vehicle,
the rotational position of the steering wheel of the vehicle, the weather conditions, and it can also
be influenced by the driver. Preferably, the spectral characteristics of the light beam generated by
the light source depend on the position in the light beam. The light beam comprises at least two
beam segments (6, 6°,..; 7, 7°,..) having essentially different spectralcharacteristics, id. at Abstract.

Ex. PA-B.
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e Harbers teaches the controlled powering of the light source (Harbers teaches the use of a
plurality of opto-electronic elements, e.g., LEDs 11, 12, 13, 14, with a relatively high luminous
flux enables a vehicle headlamp to be manufactured having much more dynamic lighting
possibilities than the known vehicle headlamp, id. Ex. PA-B at Figs. 1-2, and 2:6-9. Particularly,
by controlled powering of the light source by switching on or off one or more opto-electronic
elements at specific limiting values of the velocity of the vehicles, the weather condition, etc.,
the overall spatial distribution of the light is changed.), id. Ex. PA-B at Figs. 3-4, and 3:24-27,
and 3:43-53. Accordingly, Harbers teaches the controlled powering of the light source for
continuously adjustable spatial distribution of the light emitted by the vehicle headlamps in
response to a specific set of defined inputs including the velocity of the vehicle, the weather
condition, etc. However, Harbers doesn’t disclose any sensor capable of detecting objects or

targets in the illuminated area.

Accordingly, the combination of Stam PCT and Harbers teaches the elements and

29 LC
2

29 LC 2

limitations of “a structure”, “one or more light sources”, “electronic circuitry apparatus”, “one or
more cameras placed on the structure for detecting coordinate-specific information about the

illuminated area”,and “a controller” recited in claim 6.

The combination of Stam PCT and Harbers references was never discussed by the Office
in an earlier concluded examination or review of the patent, raised to or by the Office in a
pending reexamination or supplemental examination of the patent, or decided in a final holding

of nvalidity (after all appeals) by a federal court in a decision on the merits involving the claims.

The teachings of Stam PCT and Harbers present a new, non-cumulative technological

teaching that was not previously considered in the prosecution of the application which became
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the 551 patent. Furthermore, there is a substantial likelihood that a reasonable examiner would
consider the teachings of Stam PCT and Harbers important in deciding whether or not claim 6 is
patentable. Accordingly, the combination of Stam PCT and Harbers references raises a SNQ as

to claim 6 of the '551 patent.

Therefore, it is agreed that the consideration of the combination of Stam PCT and

Harbers references raises a SNQ as to Claim 6 of the '551 patent.

V. CONCLUSION

L. A substantial new questions of patentability affecting claim 6 of the ‘551 patent is raised

by the Request for ex parte reexamination. The Request for ex parte reexamination is

GRANTED. Claim 6 of the ‘551 patent will be reexamined.

2. Extensions of time under 37 CFR 1.136(a) will not be permitted in these

proceedings because the provisions of 37 CFR 1.136 apply only to "an applicant” and not to
parties in a reexamination proceeding. Additionally, 35 U.S.C. 305 requires that reexamination
proceedings "will be conducted with special dispatch”" (37 CFR 1.550(a)). Extensions of time in

ex parte reexamination proceedings are provided for in 37 CFR 1.550(c). See MPEP § 2265.

The Patent Owner is reminded of the continuing responsibility under 37 CFR 1.565(a) to
apprise the Office of any litigation activity or other prior or concurrent proceeding, involving
the ‘551 patent throughout the course of this reexamination proceeding. See MPEP §§ 2207,
2282 and 2286.

3. Service of Papers

Ex Parte Reexamination — Order Granting Ex Parte Reexamination Part of Paper No. 20210920
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Any paper filed with the USPTO, i.e., any submission made, by either the Patent Owner
or the Third Party Requester must be served on every other party in the reexamination
proceeding, including any other third party requester that is part of the proceeding due to merger
of the reexamination proceedings. As proof of service, the party submitting the paper to the
Office must attach a Certificate of Service to the paper, which sets forth the name and address of
the party served and the method of service. Papers filed without the required Certificate of
Service may be denied consideration. See MPEP 2666.06, and 37 CFR 1.903.

4. Correspondence and Inquiry as to Office Actions
All correspondence related to this ex parte reexamination proceeding should be directed

as follows:

By EFS: Registered users may submit via the electronic filing system EFS-Web, at
https://efs.uspto. gov/efile/myportal/efs-registered

By Mail to:  Mail Stop Ex Parte Reexam
Central Reexamination Unit
Commissioner for Patents
United States Patent & Trademark Office
P.O. Box 1450
Alexandria, VA 22313-1450

By FAX to:  (571) 273-9900
Central Reexamination Unit

By hand: Customer Service Window
Randolph Building
401 Dulany Street
Alexandria, VA 22314

Ex Parte Reexamination — Order Granting Ex Parte Reexamination Part of Paper No. 20210920
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Control Number: 90/014,815 Page 15
Art Unit: 3992

Any inquiry concerning this communication should be directed to the Central

Reexamination Unit at telephone number (571) 272-7705.

Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published applications
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished
applications is available through Private PAIR only. For more information about the PAIR
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would
like assistance from a USPTO Customer Service Representative or access to the automated
information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

Signed:

/HENRY N TRAN/
Primary Examiner, Art Unit 3992

September 12, 2021

Conferees:

/ANGELA M LIE/
Primary Examiner, Art Unit 3992

/ANDREW J. FISCHER/
Supervisory Patent Reexamination Specialist, Art Unit 3992

Ex Parte Reexamination — Order Granting Ex Parte Reexamination Part of Paper No. 20210920
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7/30/2021 A look at the new LED headlights on the Lexus LS600h

A

After the enormous interest in our previous story on the new i i

i 4, we've decided to give you the latest
updates to the LED system Lexus plans to introduce in the flagship LS 600h. Unlike the all-LED system that Audi will debut on its
R8 sports car at the end of the year, the Lexus units only use the efficient diodes for its low-beam projectors.

Lexus will still offer conventional halogen lamps or optional xenon units but the advantage of LEDs is as clear as night and day. The
average life span of LEDs is approximately 15 years without any reduction in the light beam'’s intensity or color. They are also very
reliable, maintenance free, and the light response time is very quick, taking just 0.1 of second to reach full intensity.

Their best feature, however, is the ultra-low power usage, which in turn leads to less fuel consumption and carbon-dioxide
emissions. The two headlight units of the Lexus LS 600h consist of three LED lenses for the headlight low beam, two LEDS for
illuminating close range and a xenon headlight for the high beam.

The headlights can also swivel up to 20 degrees from center depending on the steering angle and the given speed of the vehicle,
and automatically reduces brightness when approaching oncoming traffic.
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5/20/2021 LED headlights - Audi Technology Portal

DE | EN

LED headlights

The LED headlights are an area of technology in which Audi is well ahead of the competition. They were
introduced in 2008 on the R8 high-performance sports car; since then the brand with the four rings has
repeatedly extended its lead.

The LED headlights give the Audi vehicles for which they are available an unmistakably striking appearance,
even in daylight, and even more so after the fall of darkness. With a color temperature of around 5,500 Kelvin,
their light resembles daylight and thus is much Less tiring for the eyes. The light-emitting diodes are zero-
maintenance and designed for the life of the vehicle. They also shine in terms of efficiency with their low power
consumption. The low beams, for example, consume only around 40 watts per unit, which is less than the
already highly efficient xenon plus headlights and much less than conventional halogen headlights.

The innovative technology of the full LED headlights led to a radically new and fascinating design. On the Audi
A8, for instance, the low beams comprise ten individual lens modules extending through the headlightin a
distinctive arc below the chrome contour known as the wing, on account of its shape. Just below this is another
arc of 22 white and 22 yellow LEDs for the daytime running lights and the turn signals. Their thick wall
technology makes them appear to the onlooker as homogenous, continuous strips of light.

The high-beam headlights are located above the wing. Their light is generated by two powerful four-chip LEDs
and a free-form reflection system; an assistance function switches between the low and high beams.
Additional high-output LEDs generate the highway light and the cornering light. A separate fan and heat sink
moderate the temperature of each headlight unit.
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(54) HEADLAMP AND DYNAMIC LIGHTING 5,876,113 A * 3/1999 Gotoh ........ccccecevennnnn 362/466
SYSTEM FOR VEHICLES 5,931,572 A * 8/1999 Gotoh ......... ... 362/466
6,220,722 B1 * 4/2001 Begemann ... ... 362/231
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A headlamp (2; 3) of a vehicle (1) has a light source (4; 5)

(21) Appl. No.: 09/599,792 comprising a plurality of opto-electronic elements (11; 12;
13; 14), preferably light-emitting diodes (LEDs). At least

(22) Filed: Jun. 22, 2000 one of these opto-electronic elements (11; 12; 13; 14) has, in
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Preferably, the spatial distribution is influenced by the speed
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wheel of the vehicle (1), the weather conditions, and it can
also be influenced by the driver of the vehicle (1).
Preferably, the spectral characteristics of the light beam (6,
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HEADIAMP AND DYNAMIC LIGHTING
SYSTEM FOR VEHICLES

CROSS REFERENCE TO RELATED
APPLICATION

Applicants’ application Ser. No. 09/599,792 filed Jun. 22,
2000 discloses related subject matter.

BACKGROUND OF THE INVENTION

‘The invention relates to a vehicle headlamp comprising a
light source which includes a plurality of opto-electronic
elements.

The invention also relates to a vehicle provided with a
headlamp.

Such headlamps are used on vehicles, such as cars, trucks,
buses, bicycles and on vessels and aircraft.

Vehicle headlamps are known per se. A vehicle headlamp
generally comprises an electric lamp with an incandescent
body, for example, in a halogen-containing inert gas (a
so-called halogen lamp), or an electric lamp with a pair of
electrodes in an ionizable gas (a so-called discharge lamp).
Such headlamps are customarily built up of two light
sources which, in operation, generate either a so-called
passing beam or a so-called main beam. Vehicle headlamps
are known wherein the light source for the passing beam and
the light source for the main beam are housed in a single
lamp vessel (the so-called H4). Other known vehicle head-
lamps are those wherein two types of light sources are used,
for example a halogen lamp in combination with a discharge
lamp. There are also headlamps which, in operation, gener-
ate colored light, which is generally brought about by a
suitable coating provided on an outer surface of the lamp
vessel. U.S. Pat. No. 5,685,637 discloses a vehicle headlamp
wherein a halogen lamp is combined with a ring of light-
emitting diodes (LEDs).

The known vehicle headlamp has the drawback that, in
principle, it constitutes a static lighting system.

SUMMARY OF THE INVENTION

It is an object of the invention to provide a vehicle
hcadlamp of the typc described in the opening paragraph,
which exhibits more dynamic lighting possibilities.

To achieve this, the vehicle headlamp is characterized in
accordance with the invention in that

a luminous flux of at least one of the opto-electronic
elements amounts, in operation, to at least 5 lm,

and in that a light beam generated by the light source has
a continuously adjustablc spatial distribution.

Opto-clectronic elements, also referred to as electro-
optical elements, for example electroluminescent elements,
such as light-emitting diodes (LEDs) with a luminous flux of
5 Im or more can suitably be used as a light source for
vehicle headlamps. A relatively high luminous flux is nec-
essary to ensure that also under ambient light conditions, for
example sunlight or light originating from headlamps of
other vehicles, sufficient light is generated so that a light
beam generated by the light source can be observed suffi-
ciently clearly [rom a distance.

To generate a so-called passing beam and/or a so-called
main beam, a conventional vehicle headlamp requires a
luminous flux ranging between 600 and 1000 Im to meet
internationally standardized and specified light beam inten-
sities. Current technology of opto-electronic elements, par-
ticularly that of light-emitting diodes, has yielded two dif-
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ferent material systems which can suitably be used for
different regions of the visible spectrum, i.e. Al-In-Ga-N for
blue-green light and Al-In-Ga-P for yellow-red light. As a
result, any desired spectral characteristic can be produced by
combining suitable light-emitting diodes.

The use of a plurality of opto-electronic elements with a
rclatively high luminous flux cnables a vehicle headlamp to
be manufactured having much more dynamic lighting pos-
sibilities than the known wvehicle headlamp. The opto-
electronic elements can be switched on and switched off,
with the spatial distribution of the generated light beam
depending on the conditions. Said conditions may be influ-
enced by conditions outside the vehicle, the so-called exter-
nal conditions. External conditions include, for example, the
general lighting level (day or night situation), the shape of
the road (width, number of bends), the weather conditions
(bright weather, fog, rain, snow, etc.) and the velocity at
which and/or the direction in which the vehicle is moving.
Conditions which also influence the spatial distribution may
be determined by conditions inside the vehicle, the so-called
internal conditions. Internal conditions include, for example,
the shapes of the light beam as set or desired by the driver.

In the description of the current invention, a light beam
having a continuously adjustable spatial distribution is to be
taken to mean that the opto-electronic elements can be
switched on and off in such a manner that the light beam can
assume various shapes, which shapes may demonstrate a
partial overlap and may, more or less gradually, merge. The
luminous flux of thc opto-clectronic clemcents may be
changed with respect to each other. If a light beam is
adjustable, also the intensity and/or spectral characteristic of
the light beam, or of segments of the light beam, may be
different.

Since the spatial distribution is (continuously) adjustable,
the driver’s view of the road and the surroundings of the
vehicle is improved. On the one hand, objects situated on or
in the axis of the light beam, such as oncoming traffic, can
be better observed. On the other hand, also the observation
of objects outside the center of the light beam is improved.
This observation of objects outside the center of the light
beam is also referred to as off-axis viewing, as opposed to
the so-called on-axis viewing, which refers to the visibility
of objects which are situated in the center, or in the imme-
diate vicinity of the center, of the light beam. Examples of
off-axis viewing include the observation of objects situated
at or near the edge of the field of vision of the driver of the
vehicle, for example the shoulder of the road, (unlit) objects,
such as pedestrians or cyclists at the edge of the road on
which the wvehicle is traveling, and the observation of
vehicles traveling on a road which crosses the road on which
the vchicle provided with the headlamp in accordance with
the invention is traveling.

The known vehicle headlamp has two light sources,
namely a halogen lamp and a ring of light-emitting diodes,
however, the halogen lamp produces a light beam of visible
light and the LEDs emit infrared light at 880 nm. The
individual light beams of the known vehicle headlamp are
static in character and the light beam generated by the light
source does not have a continuously adjustable spatial
distribution.

An embodiment of the vehicle headlamp is characterized
in accordance with the invention in that the light source
consists of a plurality of opto-electronic elements.
Consequently, the vehicle headlamp is composed of one type
of light source. By combining [.LEDs or so-called multi-chip
packages having a luminous flux in the range from 10-250
Im, the luminous flux of a suitable combination of 25 such
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elements, or fewer, preferably a combination of 15 such
elements, or fewer, such as a combination of four such
elements, meets the international standard ranging between
600 and 1000 lm. The dimensions of a vehicle headlamp
comprising such a relatively small number of opto-
electronic elements are comparable to the dimensions of a
conventional vehicle headlamp. An additional advantage of
the use of LEDs is that the service life of these opto-
electronic elements is very long as compared to that of the
conventional vehicle headlamp.

In a preferred embodiment of the vehicle headlamp in
accordance with the invention, the spatial distribution of the
light beam can be influenced by the velocity of the vehicle.
In this manner, the range and the width of the light beam can
be adjusted as a function of the velocity of the vehicle. At
relatively low velocities, it is desirable for the light distri-
bution of the light beam to be wider, so that, for example,
also the shoulders of the road are illuminated. The higher the
velocity of the vehicle, the longer the braking distance of the
vehicle will be in general, so that it is desirable [or the range
of the light beam to increase. It may also be desirable for the
width of the light beam to decrease and/or the intensity
distribution between on-axis viewing and off-axis viewing to
change. By switching on or off one or more opto-electronic
elements at specific limiting values of the velocity of the
vehicle, a continuously adjustable spatial distribution of the
light emitted by the vehicle headlamp is obtained.

An embodiment of the vehicle headlamp is characterized
in accordance with the invention in that the spatial distri-
bution of the light beam can be influenced by the rotational
position of a steering wheel of the vehicle. This enables the
spatial distribution of the light beam of the vehicle headlamp
to be adapted to the position of the steering wheel of the
vehicle. The light beam “rotates” simultaneously, as it were,
with the desired direction of movement of the vehicle. When
the steering wheel is rotated it may be desirable for the
intensity of the light beam shining in a straight line to
decrease. By switching on or off one or more opto-electronic
elements at specific limiting values of the rotational position
of the steering wheel of the vehicle, a continuously adjust-
able spatial distribution of the light emitted by the vehicle
headlamp is obtained.

In a favorable embodiment of the vehicle headlamp in
accordance with the invention, the spatial distribution of the
light beam can be influenced by the weather conditions.
Under untavorable weather conditions, in particular fog and
snow, when the visibility is reduced by backscattering from
fog or snow particles, the shape of the light beam can be
adapted by activating different combinations of opto-
electronic elements and by changing the output levels of the
diffcrent opto-clectronic clements. As a result of these
adaptations, the overall spatial distribution of the light is
changed.

An embodiment of the vehicle headlamp is characterized
in accordance with the invention in that the spatial distri-
bution of the light beam can be influenced by a driver of the
vehicle. This enables the spatial distribution, for example the
range and/or the width of the light beam, to be adjusted by
the driver. As a result of information regarding, for example,
the road type (for example a relatively narrow country road
or a broad multi-lane motorway), the presence of bends and
the possibility of oncoming traffic, it becomes desirable to
make the light distribution driver-adjustable. On a country
road, it is desirable to have a relatively broad light distri-
bution of the light beam, so that also the shoulders of the
road are clearly illuminated. On a motorway, where it is
likely that there will be oncoming traffic, the degree to which
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the vehicle headlamp dazzles should not be too high, which
is achieved in that the driver adjusts the light beam so as to
be relatively narrow.

An alternative embodiment of the vehicle headlamp is
characterized in accordance with the invention in that the
spectral characteristic of a light beam generated by the light
source depends upon the position in the light beam. By
making the spectral characteristic of the light beam gener-
ated by the light source dependent on the position in the light
beam, objects situated outside the center of the light beam
can be better observed. Preferably, the light beam comprises
at least two beam segments having a substantially different
spectral characteristic. In general, the intensity of the light
beam emitted by a vehicle headlamp decreases as a function
of the position in the light beam, i.e. the intensity is maximal
in the center of the light beam and gradually decreases in the
direction of positions situated at a larger distance from the
center of the light beam. As a result, the intensity of the light
for so-called on-axis viewing is relatively much higher than
for the so-called off-axis viewing.

It is well-known that the sensitivity of the human eye
changes with the wavelength of the light and that equal
quantities of energy of different wavelengths generally cause
different sensations of brightness. In other words, if we
consider a spectrum, and the received energy (per unit of
time) is equal for all wavelengths, the middle of the visible
region will apparently be brighter than the red and the blue
ends. If the intensity of the light is relatively high (luminous
efficiency Z3.5 cd/m?), the maximum of the brightness lies
at a wavclength of 555 nm (green/ycllow), the so-called
photopic eye-sensitivity curve. At this wavelength, particu-
larly the cones are active in the human eye. If the intensity
of the light is relatively low (luminous efficiency =0.035
cd/m?), the maximum of the brightness lies at a wavelength
of 507 nm (blue/green or cyanblue), the so-called scotopic
eye-sensitivity curve. At this wavelength, particularly the
rods are active in the human eye.

It is advantageous to bring about substantially different
spectral characteristics of the light beam for the on-axis and
the off-axis parts of the light beam. In particular, in the
off-axis parts of the light beam, the spectral characteristic of
the light is adapted to a light intensity which is relatively
low. By thus making the spectral characteristic of the light
beam generated by the light source dependent upon the
position in the light beam, the visibility of objects situated
outside the center of the light beam is improved.

It is noted that, in practice, also photopic and scotopic
light beams preferably have a broad spectrum, which light
beams both have a more or less “white” appearance. The
difference between a photopic and a scotopic light beam
corresponds, as it were, to a difference between a light beam
having a high and a low color tcmpcraturc.

There is a possibility that the above-mentioned beam
segments may comprise segments demonstrating a partial
overlap. A possibly non-continuous transition between the
beam segments may be perceived as unpleasant by the driver
of the vehicle.

Preferably, a first beam segment has a spectral character-
istic which is rich in green-yellow light, and a second beam
segment has a spectral characteristic which is rich in blue-
green light. On the one hand, in the on-axis part of the light
beam (the [irst beam segment) a spectral characteristic of the
light is presented which is adapted to the photopic eye-
sensitivity curve, i.e. rich in green-yellow light. On the other
hand, in the off-axis parts of the light beam (the second beam
segment) a spectral characteristic of the light is presented
which is adapted to the scotopic eye-sensitivity curve, i.e.
rich in blue-green light.
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These and other aspects of the invention will be apparent
from and elucidated with reference to the embodiments
described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a perspective view of a vehicle provided with
a headlamp in accordance with the invention;

FIG. 1B is a plan view of a part of the vehicle shown in
I'lG. 1A, and

FIG. 2 is a sectional view of a light source comprising a
plurality of opto-electronic elements arranged in accordance
with a regular pattern;

FIG. 3A shows a light beam generated by a first beam
segment in combination with a so-called off-axis light beam
generated by a second beam segment;

FIG. 3B shows the light beams of FIG. 3A and two
additional light beams [or improving the on-axis observation
conditions;

I'IG. 4A shows a relatively broad light beam which
predominantly consists of yellow light, and

FIG. 4B shows the relatively broad light beam of FIG. 4A
in combination with a side light beam dependent upon the
position of the steering wheel of the vehicle.

These Figures arc purcly diagrammatic and not drawn to
scale. Particularly for clarity, some dimensions are exagger-
ated strongly. In the Figures, like reference numerals refer to
like parts whenever possible.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

FIG. 1A is a very diagrammatic, perspective view of a
vehicle 1 situated on a road 10 and provided with a head-
lamp 2; 3 in accordance with the invention. FIG. 1B is a
diagrammatic, plan view of a part of the vehicle 1 shown in
FIG. 1A. Each one of the vehicle headlamps 2; 3 is provided
with a light source 4; 5, which emits (diverging) light beams
6,6,...;7,7,...1in a longitudinal direction 9. FIG. 1B
further shows an imaginary screen 15 for trapping the light
emitted by the light beams 6, 6'. In accordance with the
invention, the spatial distribution of the light beams 6,
6',...;7, 7. .. generated by the light source 4; 5 is
continuously adjustable.

In the example shown in FIG. 1B, each one of the light
beams originating from the light source 4; 5 of the vehicle
headlamp 2; 3 is subdivided into four beam segments 6, 6,
6",6";7,7,7", 7", namely in:

a first beam segment 6; 7 comprising a relatively wide,

central part of the light beam, which first beam segment
6; 7 comprises a kind of passing beam;

a second beam segment 6', 7' comprising a part of the light
beam which is directed in particular towards the edge
of the road (the shoulder of the road);

a third beam segment 6"; 7" comprising a relatively
narrow part of the light beam, which is directed par-
ticularly towards the center of the road, and the direc-
tion of which may be dependent upon the rotational
position of the steering wheel of the vehicle;

and a fourth beam segment 6'; 7'" comprising a relatively
narrow central part of the light beam, which [ourth
beam segment 6'; 7'" comprises a kind of main beam,
the spectral characteristic of the fourth beam segment
6"; 7' differing substantially from the spectral char-
acteristic of the other beam segments 6, 6', 6"; 7, 7', 7".

The light beams may also be composed of more than four
beam segments, for example five or more beam segments
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6

having different spatial distributions and/or different spectral
characteristics. In general, the light originating from two or
more beam segments demonstrates an overlap. Partly
because of the generally diverging character of the light
beams, overlap between the various beam segments 6, 6', 6",
6", 7,7,7", 7" is unavoidable.

FIG. 2 is a sectional view of the light source 4 comprising
a plurality of opto-electronic elements 11; 12; 13; 14 which
are arranged in accordance with a regular pattern. Similarly,
a plurality of opto-electronic elements may be provided in
the light source 5 (not shown). The pattern in which the
opto-electronic elements are arranged in light source 4 may
differ from that in light source 5. For example, for reasons
of symmetry, the pattern in which the opto-electronic ele-
ments are arranged in the light source 5 may be mirror-
inverted with respect to that in light source 4. In addition, the
number of opto-eclectronic elements 11; 12; 13; 14 in light
source 4 does not have to be equal to that in light source 5.
The array of opto-electronic elements 11; 12; 13; 14 does not
have to be provided on a flat substrate, it may alternatively
be provided on a curved substrate. The shape ol the substrate
on which the array of opto-electronic elements 11; 12; 13; 14
is provided is determined to a substantial degree by the
desired direction of the light beams emitted by the various
opto-electronic elements 11; 12; 13; 14.

In accordance with the invention, the luminous flux of at
least one of the opto-electronic elements 11; 12; 13; 14 is at
least 5 Im, in operation. Preferably, in operation, all opto-
electronic elements 11; 12; 13; 14 have a luminous flux
above 5 lm. Preferably, the vehicle headlamp 2; 3 is com-
posed of a single type of light source 4; 5. In other words,
the light source 4; 5 is preferably exclusively composed of
a plurality of opto-electronic elements 11; 12; 13; 14.

If opto-electronic elements with a luminous flux of 5 Im
or more are to be efficiently employed, it is desirable to
provide the vehicle headlamp with heat-dissipating means.
For example, the substrate on which the opto-electronic
elements 11; 12; 13; 14 are provided may consist of a metal
or a metal alloy. As a result, a good heat conduction from the
opto-electronic elements 11; 12; 13; 14 to the substrate is
achieved.

In the example shown in FIG. 2, the light source 4; 5 is
exclusively composed of a plurality of light-emitting diodes
(LEDs). In this example an array of 8x3 LEDs. For identi-
fication purposes, in FIG. 2, the rows are indicated by letters
A, B, C, and the columns by digits 1-8. By using LEDs or
so-called multi-chip packages with a luminous flux in the
range from 10-250 Im for blue, yellow/orange, red and
green light, the luminous flux of a suitable combination of
25 such elements, or fewer, preferably a combination of 15
such elements, or fewer, for example a combination of 4
such clements meccts the internationally standardized and
specified intensities for generating the passing beam and/or
the main beam, which intensities range between 600 and
1000 Im. The dimensions of a vehicle headlamp 2; 3 having
such a relatively small number of opto-electronic elements
11; 12; 13; 14 are comparable to, or much smaller than, the
dimensions of a conventional vehicle headlamp.

By using a plurality of opto-electronic elements 11; 12;
13; 14, and by selectively switching on and off a number of
opto-electronic elements 11; 12; 13; 14, the light beams
generaled by the light source 4; 5 can be relatively readily
subdivided into one or more beam segments 6, 6'; 7, 7'
having a different spatial distribution or substantially differ-
ent spectral characteristics. The vehicle 1 or the headlamp 2;
3 is preferably provided with means (not shown) for chang-
ing the luminous flux of the opto-electronic elements 11; 12;
13; 14 with respect to each other.
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In the example shown in FIG. 2, red LEDs are indicated
by reference numeral 11, green LEDs by reference numeral
12, blue LEDs by reference numeral 13, and yellow or white
LEDs by reference. numeral 14. By ordering the LEDs in the
manner Indicated in FIG. 2, a substantial reduction of
possible color effects is achieved for an observer looking
into the light emitted by the vehicle headlamp (for example
an oncoming car). In addition, optical systems which effec-
tively mix the colors originating from the LEDs are avail-
able. This is important, in particular, to ensure that the red
LEDs are not mistakenly taken for brake lights.

The example of the array of LEDs as shown in FIG. 2
represents an integrated module generating at least four
types of light beams, namely various light beams which are
switched on or off in dependence upon the velocity of the
vehicle (sidelamps, passing beam, main beam), light beams
which are switched on in dependence upon the rotational
position of the steering wheel, light beams for bad weather
conditions, and light beams which are specially adapted for
use in areas where the intensity of the light is relatively low.

The ordering, providing and selectively switching on and
off of opto-electronic elements 11; 12; 13; 14 in the form of
an array may also be considered as an invention in itself.

FIG. 3A shows a light beam generated by a first beam
segment 6 in combination with a so-called off-axis light
beam generated by a second beam segment 6'. The light
originating from the beam segments 6, 6' is trapped by the
imaginary screen 15 (see FIG. 1B), in which case an
observer looks against the longitudinal direction 9. With
reference to FIG. 2, the first, so-called on-axis bcam scgment
6, is generated by light beams originating from LEDs
Al1-A8 and B3-B5, while the second, so-called off-axis
beam segment 6', is generated by light beams originating
from LEDs B1, B2, C1 and C2. The other LEDs, as shown
in FIG. 2, are switched off under these lighting conditions.

FIG. 3B not only shows the light beams shown in FIG. 3
but also two additional light beams which predominantly
serve to improve the on-axis observation conditions. By
additionally switching on the yellow or white LEDs C3—-CS5,
a third beam segment 6" is obtained, and by additionally
switching on the yellow or white LEDs B6, C6 and C7, a
fourth beam segment 6" is obtained. The spectral charac-
teristics of the first beam segment 6 and the third and fourth
beam segment 6", 6" may be ditferent. For example, it may
be desirable to increase, in the beam segment 6", the
quantity of in particular yellow light in order to improve the
long-distance visibility. It may also be desirable, upon
switching on the main beam (beam segment 6"), to switch
off a part of the passing beam (beam segment 6) and/or of
the off-axis beam segment 6'.

In order to improve the visibility of the surroundings of
the vehicle 1, a substantially different spectral characteristic
of the light beam is brought about between the on-axis parts
and the off-axis parts of the light beam. In particular, in the
off-axis beam segment 6', 7' of the light beam, the spectral
characteristic of the light is adapted to a light intensity which
is relatively low. To obtain a good observation field at
relatively low light intensities, preferably the spectral char-
acteristic of one of the beam segments 6'; 7' is mesotopically
tuned. This can be achieved by providing the first beam
segment 6; 7 and the third and fourth beam segments 6", 6'";
7", 7" with a spectral characteristic which is rich in white or
yellow-orange light and by providing the second beam
segment 6', 7' with a spectral characteristic which is rich in
blue-green light. By thus rendering the spectral character-
istic of the light beam generated by the light source depen-
dent upon the position in the light beam, objects situated
outside the center of the light beam are better observed.
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Under unfavorable weather conditions, in particular fog
and snow, when visibility is reduced by backscattering
caused by fog or snow particles, both the configuration and
the spectral composition of the light beams generated by the
light source 4; 5 can be adapted by activating different
combinations of LEDs and by changing the output levels of
the various LEDs. As a result of these adaptations, the spatial
and/or spectral distribution of the light is changed. An
example of such an adaptation is shown in FIG. 4A, wherein
a relatively wide beam 16 is obtained which is substantially
composed of yellow light. The absence of the blue compo-
nent in the visible light causes the effect of backscattering to
be substantially reduced.

FIG. 4B shows the relatively wide beam 16 of FIG. 4A in
combination with a side light beam 16' whose shape and
intensity and position are dependent upon the position of the
steering wheel of the vehicle 1. Such a side light beam 16'
is preferably not switched on until the steering wheel of the
vehicle exceeds a predetermined limiting angle when taking
a bend or turning off. In this manner, the surface area and
space wherein the vehicle is situated and where the vehicle
is heading are dynamically illuminated as early as possible.

In general, the LED modules operate at a low-voltage
direct current, so that they can be advantageously employed
in a vehicle.

It will be obvious that within the scope of the invention
many variations are possible to those skilled in the art. For
example, the vehicle headlamp may have many different
shapes, such as (rect)angular, round, oval, etc. One or more
opto-electronic elements may also be suitable for use as
indicator. In principle, the dimensions of the light beams are
adjustable at will, for example, by creating a broader light
beam (illuminating the shoulder of the road) at a lower speed
of the vehicle, or by narrowing the beam at a relatively high
speed. In addition, as a result of the large freedom of choice
resulting from the use of (exclusively) opto-electronic
elements, the location of the vehicle headlamp is no longer
limited to the conventional location (at the front of the
vehicle just above the road surface). It may be desirable to
provide at least a part of the opto-electronic elements near
the windscreen of the vehicle 1. It is also possible to provide
a further part of the opto-electronic elements on a side face
of the vehicle. A future increase in the efficiency and light
output of the LEDs will enable the number of LEDs to be
further reduced.

The scopc of protection of the invention is not limited to
the above examples. The invention is embodied in each
novel characteristic and each combination of characteristics.
Reference numerals in the claims do not limit the scope of
protection thereof. The use of the term “comprising” does
not exclude the presence of elements other than those
mentioned in the claims. The use of the word “a” or “an”
before an element does not exclude the presence of a
plurality of such elements.

What is claimed is:

1. A headlamp of a vehicle comprising a light source
which includes a plurality of opto-electronic elements,
wherein:

a luminous flux of at least one of the opto-electronic

elements amounts, in operation, to at least 5 lm,

the opto-electronic elements form an array distributed

evenly on a surface of the light source, and

a light beam generated by the light source has a continu-

ously adjustable spatial distribution.

2. A vehicle headlamp as claimed in claim 1, wherein the
light source consists of a plurality of opto-electronic ele-
ments.
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3. Avehicle headlamp as claimed in claim 1, wherein the
intensities of the light emitted by the opto-electronic ele-
ments are adjustable so that the range of said beam varies
directly and the width of said beam varies inversely with the
velocity of the vehicle.

4. A vehicle headlamp as claimed in claim 1, wherein the
intensitics of the light emitted by the opto-clectronic cle-
ments are adjustable so that the spatial distribution of said
beam follows the rotational position of a steering wheel of
the vehicle.

5. Avehicle headlamp as claimed in claim 1, wherein the
intensities of the light emitted by the opto-electronic ele-
ments are adjustable to decrease backscattering of said light
beam by fog or snow particles in accordance with weather
conditions.

6. A vehicle headlamp as claimed in claim 1, wherein the
intensities of the light emitted by the opto-electronic ele-
ments are adjustable by a driver of the vehicle to control the
distribution of said light beam.

7. A vehicle headlamp as claimed in claim 1, wherein the
intensities of the light emitted by the opto-electronic ele-
ments are varied on said surface of the light source so that
the spectral characteristic of said light beam is different at
ditferent points in a plane which is transverse to the light
beam.

8. A vehicle headlamp as claimed in claim 7, wherein the
light beam comprises at least two beam segments, each
having a substantially different spectral characteristic from
the other.

9. A vehicle headlamp as claimed in claim 8, wherein a
first beam segment has a spectral characteristic which is rich
in green-yellow light, and a second beam segment has a
spectral characteristic which is rich in blue-green light.

10. A vehicle headlamp as claimed in claim 1, wherein the
opto-electronic elements comprise light-emitting diodes.

11. A vehicle headlamp as claimed in claim 1, wherein the
surface of the light source is curved.

12. A vehicle headlight comprising a light source com-
prising a plurality of opto-electronic elements , wherein:

the opto-electronic elements form an array on a surface of
the light source, said surface having a periphery, said
array not being confined to the periphery of said
surface, and

each said opto-electronic element is adjustable to emit

light of variable intensity,

whereby a light beam generated by the light source has a

continuously adjustable spatial distribution.

13. A headlamp of a vehicle comprising a light source
which includes a plurality of opto-electronic elements,
wherein

the opto-electronic elements are arrayed in columns and

rows, and

the light emitted by each said opto-electric element is

capable of being turned on or off separately,
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whereby a light source with continuously adjustable spa-

tial distribution is achieved.

14. A vehicle headlamp as claimed in claim 13, wherein
the light source consists of a plurality of opto-electronic
elements.

15. A vehicle headlamp as claimed in claim 13, wherein
the intensities of the light emitted by the opto-electronic
elements are varied on said surface of the light source so that
the spectral characteristic ol said light beam is dillerent at
different points in a plane which is transverse to the light
beam.

16. A vehicle headlamp as claimed in claim 15, wherein
the light beam comprises at least two beam segments, each
having a substantially different spectral characteristic from
the other.

17. A vehicle headlamp as claimed in claim 16, wherein
a first beam segment has a spectral characteristic which is
rich in green-yellow light, and a second beam segment has
a spectral characteristic which is rich in blue-green light.

18. A vehicle headlamp as claimed in claim 13, wherein
the opto-electronic elements comprise light-emitting diodes.

19. A vehicle headlight system comprising:

one or more light sources, each of which comprises a

plurality of opto-electronic elements, wherein

the opto-electronic elements form an array on a surface of
the light source, and

the opto-electronic-elements are each adjustable to emit

light of varying intensity,

whereby light beams generated by the light sources have

a continuously adjustable spatial distribution.

20. The vehicle headlight system of claim 19, further
comprising a first light source having a first array of opto-
electronic elements and a second light source having a
second array of opto-electronic elements, said second array
being different from said first array.

21. The vehicle headlight system of claim 20, wherein the
second array is mirror-inverted with respect to the first array.

22. A headlamp of a vehicle comprising a light source
which includes a plurality of opto-electronic elements,
wherein:

each said opto-electronic element is adjustable to emit

light of variable luminous flux,

whereby a light beam generated by the light source has a

continuously adjustable spatial distribution.

23. The headlamp of claim 22 wherein the luminous flux
of the opto-electronic elements are varied by turning each
element on or off.

24. The headlamp of claim 22 wherein the luminous flux
of the opto-electronic elements are varied with respect to
each other.
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CONTINUOUSLY VARIABLE HEADLAMP
CONTROL

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a continuation of U.S. patent applica-
tion Ser. No. 09/157,063, entitled “CONTINUOUSLY
VARIABLE HEADLAMP CONTROL,” filed on Sep. 18,
1998, on behalf of Joseph S. Stam et al., now U.S. Pat. No.
6,049,171, the entire disclosure of which is incorporated
herein by reference.

TECHNICAL FIELD

The present invention relates to automatically controlling
continuously variable hcadlamps to prevent cxcessive glarc
seen by drivers in front of the headlamps.

BACKGROUND ART

Recently, headlamps producing a continuously variable
illumination range have become available. The illumination
range may be varied by one or both of changing the intensity
of light and changing the direction of light emitted by the
headlamps.

Varying headlamp illumination intensity can be accom-
plished in several different means. A first means is to provide
a pulse width modulated (PWM) signal to the headlamp. By
varying the duty cycle of headlamp power, the headlamp
illumination intensity can be increased or decreased. This
may be accomplished by providing a PWM signal from a
control system to a high power field effect transistor (FET)
in scrics with the hecadlamp bulb.

Another means of varying the power duty cycle of a
headlamp is to provide a PWM signal to a lamp driver
integrated circuit such as a Motorola MC33286. This inte-
grated circuit provides the added advantage of limiting the
maximum inrush current to the headlamp, thus potentially
extending the life of the headlamp bulb.

Yet another means of varying headlamp illumination uses
high intensity discharge (HID) headlamps. HID lamps are a
new, highly efficient headlamp technology. T'he ballasts used
to power HID headlamps can be directly supplied with a
control signal to vary headlamp illumination intensity.

Still another means to vary the illumination intensity of a
headlamp is to provide an attenuating filter to absorb some
of the light emitted from the headlamp. An electrochromic
filter may be placed in front of the headlamp. By controlling
the voltage applied to the electrochromic filter, the amount
of light absorbed and, hence, the emitted illumination level,
can be varied.

There are also several means available for changing the
direction of light emitted from headlamps. Headlamp aim
can be varied using actuators to move the headlamp housing
relative to the vehicle. Typically, these actuators are electric
motors such as stepper motors.

For headlamps with appropriately designed reflectors,
mechanically moving the light source relative to the reflector
can change headlamp beam direction as well as headlamp
illumination intensity.

HID headlamps provide several additional methods of
aiming the headlamp beam. Some of these methods involve
deflecting or perturbing the arc in such away as to vary the
lamp output. U.S. Pat. No. 5,508,592 entitled “Method For
Deflecting The Arc Of An Electrodeless HID Lamp” to W.
Lapatovich, S. Butler, J. Bochinski, and H. Goss, which is
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2

hereby incorporated by reference, describes exciting the
HID lamp with a high-frequency radio signal. Modulating
the signal causes the lamp to operate at an acoustic reso-
nance point, perturbing the arc from its quiescent position.
Aun alternative technique, known as magnetodynamic posi-
tioning (MDP), uses a magnetic field to shape the HID arc.
MDP is being developed by Osram Sylvania Inc. of
Danvers, Massachusetts.

A collection of methods for implementing continuously
variable headlamps is described in Society of Automotive
Engineers (SAE) publication SP-1323 entitled “Automotive
Lighting Tcchnology”, which is hercby incorporated by
reference.

Automatic control of continuously variable headlamps
offers several potential benefits over automatic control of
traditional on-oll headlamps. Greater (lexibility for illumi-
nation is available, allowing headlamp illumination to be
better adapted to driving conditions. Also, continuously
varying the headlamp illumination does not create rapid
changes in illumination that may startle the driver. Various
methods have been devised to control both continuously
variable and conventional discreet headlamps. One of the
oldest methods is to aim the headlamp in the same direction
as steered wheels. Another method increases the illumina-
tion range in proportion to increasing vehicle speed.

Still another method of controlling headlamps has been
developed for IIID lamps. The increased brightness and
blueish color of the HID lamps is particularly disrupting to
oncoming drivers. Due to this disruptness effect, certain
European countries require headlamp leveling systems if
IIID lamps are used on a vehicle. These headlamp leveling
systems detect the pitch of the vehicle relative to the road
and adjust the vertical aim of the headlamps accordingly.
Advanced systems further use the speed of the vehicle to
anticipate small pitch disturbances caused by acceleration.

One problem with current continuously variable head-
lamp control systems is the inability to consider oncoming,
or leading vehicles in determining the illumination range of
headlamps. One prior art device is expressed in U.S. Pat. No.
4,967,319 entitled “Headlight Apparatus For Automotive
Vehicle” by Y. Seko. This device utilizes vehicle speed along
with the output from a five-element linear optical sensor
array directly coupled to a headlamp. The headlamp incor-
porates motor drives to adjust the elevational angle of
illumination beams. This design requires separate sensing
and control system for each headlamp or suggests as an
alternative a controlled headlamp only on the side of the
vehicle facing opposing traffic. This design presents many
problems. First, the optical sensor and associated electronics
are in close proximity to the hot headlamp. Second, placing
the image sensor on the lower front portion of the vehicle
may result in imaging surfaces being coated with dirt and
debris. Third, placing the image sensor close to the head-
lamp beam makes the system subject to the masking effects
of scattered light from fog, snow, rain, or dust particles in the
air. Fourth, this system has no color discriminating capabil-
ity and, with only five pixels of resolution, the imaging
system is incapable of accurately determining lateral and
clevational locations of headlamps or tail lights at any
distance.

What is needed is control of continuously variable head-
lamps based on detection of oncoming headlamps and
leading tail lights at distances where headlamp illumination
would create excessive glare for the drivers of oncoming and
leading vehicles.

SUMMARY OI TIIC INVENTION

It 1s an object of the present invention to control continu-
ously variable headlamps based on detected headlamps from
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oncoming vehicles and tail lights from leading vehicles. The
control system should determine the proper aim of head-
lamps in steerable headlamp systems and should determine
the proper intensity of headlamps in wvariable intensity
headlamp systems. Gradual changes in the region of head-
lamp illumination should be supported. The control system
should also operate correctly over a wide range of ambient
lighting conditions.

It is another object of the present invention to provide a
headlamp control system which determines the proper aim
of headlamps in steerable headlamp systems.

It is still another object of the present invention Lo provide
a headlamp control system which varies the intensity of
headlamp beams continuously in response to detected
oncoming and leading vehicles.

It is yet another object of the present invention to provide
a headlamp control system wherein the transition from high
beam to low beam or from low beam to high beam is gradual
and thus not startling to the vehicle driver.

It is a further object of the present invention to provide
control of continuously variable headlamps over a wide
range of ambient lighting conditions

In carrying out the above objects and features of the
present invention, a method for controlling continuously
variable headlamps is provided. The method includes detect-
ing an ambient light level. The continuously variable head-
lamps are set to daylightmode if the ambient light level is
greater than a [irst threshold. The headlamps are set to low
beam mode if the ambient light level is less than the first
threshold but greater than a second threshold. Automatic
headlamp dimming is enabled if the ambient light level is
less than the second threshold.

In an embodiment of the present invention, automatic
headlamp dimming includes obtaining an image in front of
the headlamps. The image covers a glare area including
points at which a driver in a vehicle in front of the headlamps
would perceive the continuously variable headlamps as
causing excessive glare if the headlamps were at full range.
The image is processed to determine if the vehicle is within
the glare area. If the vehicle is within the glare area, the
continuously variable headlamp illumination range is
reduced. Otherwise, the continuously variable headlamps
are set to full illumination range. In various refinements, the
continuously variable illumination range may be modified
by changing the intensity of light emitted, by changing the
dircction of light cmitted, or both.

In another embodiment of the present invention, reducing
the continuously wvariable headlamp illumination range
includes incrementally decreasing the illumination range.
Obtaining the image, processing the image, and incremen-
tally decreasing illumination range are repeated until the
illumination range produces a level of illumination at the
oncoming or leading vehicle position that would not be
perceived as causing excessive glare by the driver in the
vchicle in front of the continuously variable hcadlamps.

In still another embodiment of the present invention, the
ambient light level is determined by a multipixel image
sensor having an elevational angle relative to the controlled
vehicle having continuously variable headlamps. The
method includes acquiring a sequence of images, finding a
stationary light source in each image, calculating a measure
of elevation for the stationary light source in each image,
and determining the elevational angle based on the calcu-
lated measures of elevation.

In a further embodiment of the present invention, the full
illumination range is reduced if at least one form of pre-
cipitation such as fog, rain, snow, and the like is detected.
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In a still further embodiment of the present invention,
each continuously variable headlamp has an effective illu-
mination range varied by changing vertical direction aimed.
Each effective illumination range has an elevational direc-
tion corresponding to an upper extent of the headlamp beam
bright portion. The method further includes acquiring a
scquence of images. The clevational dircction is determined
for at least one continuously variable headlamp in each
image of the sequence. A determination is then made as to
whether or not the sequence of images was taken during
travel over a relatively straight, uniform surface. If so, the
determined elevational directions are averaged to obtain an
estimate of actual elevational direction.

A system for controlling at least one continuously variable
headlamp on a controlled vehicle is also provided. Each
continuously variable headlamp has an effective illumina-
tion range varied by changing at least one parameter from a
set including horizontal direction aimed, vertical direction
aimed, and intensity emitted. The system includes an imag-
ing system capable of determining lateral and elevational
locations of headlamps from oncoming vehicles and tail
lamps from leading vehicles. The system also includes a
control unit that can acquire an image from in front of the at
least one headlamp. The image covers a glare area including
points at which the driver of a wvehicle in front of the
headlamps would perceive the headlamps as causing exces-
sive glare. The image is processed to determine if at least
one vehicle including oncoming vehicles and leading
vehicles is within the glare area. If at least one vehicle is
within the glare area, the headlamp illumination range is
reduced. Otherwise, the headlamp illumination range is set
to [ull illumination range.

In an embodiment of the present invention, the controlled
vehicle has at least one low beam headlamp with variable
intensity and at least one high beam headlamp with variable
intensity. The control unit reduces the illumination range by
decreasing the intensity of the high beam headlamp while
increasing the intensity of the low beam headlamp.

In another embodiment of the present invention wherein
headlamps produce illumination through heating at least one
filament the control unit causes a low amount of current to
flow through each filament when the controlled vehicle
engine is running and when the headlamp containing the
filament is not controlled to emit light. The low amount of
current heating the filament decreases filament brittleness
thereby prolonging filament life.

In still another embodiment of the present invention, the
imaging system is incorporated into the rearview mirror
mount. The imaging system is aimed through a portion of the
controlled vehicle windshield cleaned by a windshield
wiper.

In yet another embodiment of the present invention, the
controlled vehicle has a headlamp with a variable vertical
aim direction. The system further includes at least one
sensor for determining vehicle pitch relative to the road
surface. The control unit aims the headlamp to compensate
for controlled vehicle pitch variations. In a refinement, the
controlled vehicle includes a speed sensor.

The control unit anticipates controlled wvehicle pitch
changes based on changes in controlled vehicle speed.

In a further embodiment of the present invention, the
controlled vehicle includes headlamps with variable hori-
zontal aim direction. The control unit determines if a leading
vehicle is in a curb lane on the opposite side of the controlled
vehicle from oncoming traffic and is in the glare area. If no
leading vehicle is in one of the curb lanes, headlamp
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illumination range is reduced by aiming the headlamps away
from the direction of oncoming traffic.

In a still further embodiment of the present invention, the
control unit reduces headlamp illumination range at a pre-
determined rate over a predetermined transition time.

A system is also provided for controlling at least one
continuously variable headlamp having an effective illumi-
nation range varied by changing vertical direction aimed.
Each effective illumination range has an elevational direc-
tion corresponding to an upper extent of the headlamp beam
bright portion. The system includes an imaging system
capable of determining lateral and elevational locations of
headlamps from oncoming vehicles. The imaging system is
mounted a vertical distance above each headlamp. The
system also includes a control unit for acquiring an image in
[ront of the headlamps. The image covers a glare arca
including points at which the driver of the oncoming vehicle
would perceive the continuously variable headlamps to
cause excessive glare. The image is processed to determine
il at least one oncoming vehicle is within the glare area. If
at least oncoming vehicle is within the glare area, the
elevational angle between the imaging system and the
headlamps of each of the at least one oncoming vehicles is
determined. If at least one oncoming vehicle is within the
glare area, the continuously variable headlamps are aimed
such that the elevational direction is substantially parallel
with a line between the imaging system and the headlamps
of the oncoming vehicle producing the greatest of the
determined elevational angles.

A system is further provided for controlling continuously
variable headlamps. The system includes at least one mois-
ture sensor for detecting at least one form of precipitation
such as fog, rain, and snow. The system also includes a
control unit to reduce the headlamp full illumination range
when precipitation is detected.

The above objects and other objects, features, and advan-
tages of the present invention are readily apparent from the
following dctailed description of the best modes for carrying
out the invention when taken in connection with the accom-
panying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram showing a continuously variable
headlamp illumination range together with oncoming and
leading vehicles;

FIG. 2 is a block diagram of a control system according
to an embodiment of the present invention;

FIG. 3 is a flow diagram of a method for controlling
continuously variable headlamps in different ambient light-
ing conditions according to the present invention;

FIG. 4 is a flow diagram of automatic headlamp dimming
according to the present invention;

FIG. 5 is a flow chart of a method for detecting tail lamps
according to an embodiment of the present invention;

FIG. 6 is a flow chart of a method for detecting headlamps
according to an embodiment of the present invention;

FIG. 7 is a schematic diagram illustrating reduction of
headlamp illumination range according to an embodiment of
the present invention;

FIG. 8 is a flow diagram of an alternative method for
reducing headlamp illumination range according to the
present invention;

FIG. 9 is an illustration of street lamp imaging according
to the present invention;

FIGS. 10g and 10b are schematic diagrams of apparent
street light elevational angle as a function of camera-to-
vehicle inclination angle;
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FIG. 11 is a schematic diagram illustrating street lamp
elevational angle calculation according to an embodiment of
the present invention;

FIG. 12 is a graph illustrating street lamp elevational
angles for three different camera-to-vehicle inclination
angles;

FIG. 13 is a flow diagram of a method for calculating
camera-to-vehicle inclination angle according to an embodi-
ment of the present invention;

FIG. 14 is an imaging system that may be used to
implement the present invention;

FIG. 15 is a schematic diagram of image array sensor
subwindows that may be used to implement the present
invention;

FIG. 16 is a schematic diagram of an embodiment of an
image array sensor that may be used to implement the
present invention;

FIGS. 17a through 17¢ are a schematic diagram of an
embodiment of the present invention;

FIG. 18 is a block diagram illustrating rcgisters and
associated logic used to control the image control sensor
according to an embodiment of the present invention;

FIG. 19 is a timing diagram illustrating image array
sensor control signals for the logic in FIG. 18;

FIG. 20 is an ambient light sensor that may be used to
implement the present invention;

FIG. 21 is a diagram illustrating mounting of a moisturc
sensor that may be used to implement the present invention;
and

FIG. 22 is a diagram illustrating operation of a moisture
sensor that may be used to implement the present invention.

BEST MODES FOR CARRYING OUT THE
INVENTION

Referring now to FIG. 1, a continuously variable head-
lamp illumination range together with oncoming and leading
vehicles are shown. Controlled vehicle 20 includes at least
one continuously variable headlamp 22. Each headlamp 22
produces a variable region of bright light known as illumi-
nation range 24. A driver in oncoming vehicle 26 or leading
vehicle 28 that is within illumination range 24 may view
headlamps as producing excessive glare. This glare may
make it difficult for the driver of oncoming vehicle 26 or
leading vehicle 28 to see objects on the road, to read vehicle
instruments, and to readjust to night viewing conditions
once vehicle 26, 28 is outside of illumination range 24.
Hence, illuminaton range 24 is perceived as a glare area by
the driver of oncoming vehicle 26 or leading vehicle 28.

The present invention attempts to reduce the level of glare
seen by the driver of oncoming vehicle 26 or leading vehicle
28 by providing a control system that detects oncoming
vehicle 26 or leading vehicle 28 and reduces illumination
range 24 accordingly.

Referring now to FIG. 2, a block diagram of a control
system according to an embodiment of the present invention
is shown. A control system for continuously wvariable
headlamps, shown generally by 40, includes imaging system
42, control unit 44 and at least one conlinuously variable
headlamp system 46. Imaging system 42 includes vehicle
imaging lens system 48 operative to focus light 50 from a
region generally in front of controlled vehicle 20 onto image
array sensor 52. Imaging system 42 is capable of determin-
ing lateral and elevational locations of headlamps from
oncoming vehicles 26 and leading vehicles 28. In a preferred
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embodiment of the present invention, vehicle imaging lens
system 48 includes two lens systems, one lens system having
a red filter and one lens system having a cyan filter. Lens
system 48 permits image array sensor 52 to simultaneously
view a red image and a cyan image of the same region in
front of controlled vehicle 20. Image array sensor 52 is
preferably comprised of an array of pixel scnsors. Further
details regarding vehicle imaging lens system 48 and image
array sensor 52 are described with regards to FIGS. 14
through 16 below.

In a preferred embodiment, imaging system 42 includes
ambient light lens system 54 operable to gather light 56 over
a wide range of elevational angles for viewing by a portion
of image array sensor 52. Ambient light lens system 54 is
described with regards to FIG. 20 below. Alternatively, light
50 focused through vehicle imaging lens system 48 may be
used to determine ambient light levels. Alternatively, a light
sensor completely separate from imaging system 42 may be
uscd to determine ambient light levels.

In a preferred embodiment, imaging system 42 is incor-
porated into the interior rearview mirror mount. Imaging
system 42 is aimed through a portion of the windshield of
controlled vehicle 20 cleaned by at least one windshield
wiper.

Control unit 44 accepts pixel gray scale levels 58 and
generates image sensor control signals 60 and headlamp
illumination control signals 62. Control unit 44 includes
imaging array control and analog-to-digital converter
(ADC) 64 and processor 66. Processor 66 receives digitized
image data from and sends control information to imaging
array control and ADC 64 via serial link 68. A preferred
embodiment for control unit 44 is described with regards to
FIGS. 17 through 19 below.

Control system 40 may include vehicle pitch sensors 70 to
detect the pitch angle of controlled vehicle 20 relative to the
road surfacc. Typically, two vchicle pitch scnsors 70 arc
required. Each sensor is mounted on the chassis of con-
trolled vehicle 20 near the front or rear axle. A sensor
element is fixed to the axle. As the axle moves relative to the
chassis, sensor 70 measures either rotational or linear dis-
placement. To provide additional information, control unit
44 may also be connected to vehicle speed sensor 72.

Control system 40 may include one or more moisture
sensors 74. Precipitation such as fog, rain, or snow may
cause excessive light from headlamps 22 to be reflected back
to the driver of controlled vehicle 20. Precipitation may also
decrease the range at which oncoming vehicles 26 and
leading vehicles 28 may be detected. Input from moisture
sensor 74 may therefore be used to decrease the full range
of illumination range 24. A moisture sensor that may be used
to implement the present invention is described with regards
to FIGS. 21 and 22 below.

Each continuously variable headlamp 22 is controlled by
at least one headlamp controller 76. Each headlamp con-
troller 76 accepts headlamp illumination control signals 62
from control unit 44 and affects headlamp 22 accordingly to
modify illumination range 24 of light 78 leaving headlamp
22. Depending on the type of continuously variable head-
lamp 22 used, headlamp controller 76 may vary the intensity
of light 78 leaving headlamp 22, may vary the direction of
light 78 leaving headlamp 22, or both. Examples of circuits
that may be used for headlamp controller 76 are described
with regards to FIGS. 174 and 17¢ below.

In one embodiment of the present invention, control unit
44 can acquire an image covering a glare area including
points at which a driver of oncoming vehicle 26 or leading
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vehicle 28 would perceive headlamps 22 to cause excessive
glare. Control unit 44 process the image to determine if at
least one vehicle 26,28 is within the glare area. If at least one
vehicle is within the glare area, control unit 44 reduces
illumination range 24. Otherwise, headlamps 22 are set to
full illumination range 24.

In a preferred embodiment of the present invention,
reductions to illumination range 24 and setting headlamps
22 to full illumination range 24 occurs gradually. Sharp
transitions in illumination range 24 may startle the driver of
controlled vehicle 20 since the driver may not be aware of
the precise switching time. A transition time of between one
and two seconds is desired for returning to full illumination
range 24 from dimmed illumination range 24 corresponding
to low beam headlamps. Such soft transitions in illumination
range 24 also allow control system 40 to recover from a false
detection of oncoming vehicle 26 or leading vehicle 28.
Since image acquisition time is approximately 30 ms, cor-
rection may occur without the driver of controlled vehicle 20
noticing any change.

For controlled vchicle 20 with both high beam and low
beam headlamps 22, reducing illumination range 24 may be
accomplished by decreasing the intensity of high beam
headlamps 22 while increasing the intensity of low beam
headlamps 22. Alternately, low beam headlamps can be left
on continuously for ambient light levels fall below a certain
threshold.

For controlled vehicle 20 with at least one headlamp 22
having a variable horizontal aimed direction, the aim of
headlamp 22 may be moved away from the direction of
oncoming vehicle 26 when illumination range 24 is reduced.
This allows the driver of controlled vehicle 22 to better see
the edge of the road, road signs, pcdestrians, animals, and
the like that may be on the curb side of controlled vehicle 22.
In a preferred embodiment, control unit 44 may determine if
any leading vehicle 28 is in a curb lane on the opposite side
of controlled vehicle 20 from oncoming traffic and is in the
glare area, if not, reducing illumination range 24 includes
aiming headlamps 22 away from the direction of oncoming
traffic. If a leading vehicle is detected in a curb lane,
illumination range 24 is reduced without changing the
horizontal aim of headlamps 22.

Referring now to FIG. 3, a flow diagram of a method for
controlling continuously variable headlamps in different
ambicnt lighting conditions according to the present inven-
tion is shown. For FIG. 3 and for each additional flow
diagram shown, operations are not necessarily sequential
operations. Similarly, operations may be performed by
software, hardware, or a combination of both, The present
invention transcends any particular implementation and
aspects are shown in sequential flow chart form for ease of
illustration.

During twilight, different drivers or automated headlamp
systems will turn on headlamps and running lights at dif-
ferent times. Since the present invention relies on detecting
headlamps of oncoming vehicles 26 and tail lamps of
lcading vchicles 28, there may be a period of time betwecen
when controlled vehicle 20 has headlamps tuned on and
when vehicles 26,28 can be detected. To accommodate
various ambient light conditions at which headlamps and tail
lamps of vehicles 26,28 may be turned on, an embodiment
of the present invention uses two thresholds for system
operation.

The ambient light level is detected in block 90. In block
92, the ambient light level is compared to a day threshold.
When the ambient light level is greater than the day
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threshold, headlamps are set to daylight mode in block 94.
Daylight mode may include turning on daylight running
lamps (DRLs).

In an embodiment of the present invention wherein con-
trolled vehicle includes headlamps, such as continuously
variable headlamps 22, which produce illumination by heat-
ing at least one filament, the effective filament life may be
extended by causing a low amount of current to flow through
the element when the headlamp is not controlled to emit
light. The amount of current is large enough to heat the
filament without causing the filament to emit light. This
heating makes the filament less brittle and, hence, less
susceptible to shock and vibration damage.

‘When ambient light levels fall below the day threshold,
the ambient light level is compared to the night threshold in
block 96. If the ambient light level is less than the day
threshold but greater than the night threshold, headlamps are
set to low beam mode in block 98. In low beam mode, either
standard low beam headlamps may be turned on or continu-
ously variable headlamps 22 may be set to an illumination
range 24 corresponding to a low beam pattern. Running
lights including tail lamps may also be turned on.

‘When ambient light levels fall below the night threshold
level, automatic headlamp dimring is cnabled in block 100.
During automatic headlamp dimming mode, control unit 44
acquires an image in front of headlamps 22. The image
covers the glare area including points at which the drivers of
oncoming vehicles 26 or leading vehicles 28 would perceive
headlamps 22 to cause excessive glare. Control unit 44
processes the image to determine if any vehicles 26,28 are
within the glare area. If at least one vehicle 26,28 is within
the glare area, control unit 44 reduces headlamp illumination
range 24. Otherwise, headlamp illumination range 24 is set
to [ull illumination range.

Several benefits, in addition to reducing glare seen by
drivers of oncoming vehicles 26 and lcading vehicles 28, arc
achieved by the present invention. Studies have shown that
many drivers rarely use high beams either out of fear of
forgetting to dim the high beams, out of unfamiliarity with
high beam controls, or due to preoccupation with other
aspects of driving. By automatically providing the full range
of illumination when oncoming vehicles 26 and leading
vehicles 28 are not present, the driver of controlled vehicle
20 will experience greater visibility.

Another benefit achieved by the present invention is the
ability to illuminate areas in front of controlled vehicle 20
currently not legally permitted. Current limitations on high
beam aiming are based, in part, on not completely blinding
the drivers of oncoming vehicles 26 if the high beams are not
dimmed. Using control system 40, illumination range 24
may be expanded to better illuminate overhead and roadside
signs, greatly aiding in night navigation. Because the present
invention automatically decreases illumination range 24 due
to an approaching oncoming vehicle 26 or leading vehicle
28, the risk of temporarily blinding the driver of vehicles
26,28 is greatly reduced.

Referring now to FIG. 4, a flow diagram of automatic
headlamp dimming according to the present invention is
shown. The methods described in FIGS. 4 through 6 are
more fully described in U.S. Pat. No. 5,837,994 entitled
“Control System to Automatically Dim Vehicle Head
T.amps” by I. Stam, J. Bechtel, and J. Roberts, which is
hereby incorporated by reference.

Control unit 44 is used to acquire and examine images
obtained through imaging system 42 to detect the presence
of vehicles 26,28. An image is acquired through the cyan
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filter in block 110. A loop, governed by block 112, selects the
next pixel to be processed. The next pixel is processed in
block 114 to detect the presence of headlamps. A method for
detecting the presence of headlamps is described with
regards to FIG. 6 below. A check is made to determine if any
headlamps for oncoming vehicles 26 are found in block 116.
Generally, headlamps of oncoming vehicles 26 appear much
brighter than tail lamps of leading vehicles 28. Hence, the
gain for images used to search for tail lamps is greater than
the gain-used to search for headlamp images. Therefore,
headlamps of oncoming vehicles 26 appearing in an image
used to search for tail lamps may wash out the image. If no
headlamps are found, images are acquired through cyan and
red filters in block 118. A loop, governed by block 120, is
used to select each image pixel through the red filter and
corresponding image pixel through the cyan filter. Each red
image pixel and corresponding cyan image pixel are pro-
cessed in block 122 to detect the presence of tail lamps. A
method that may be used to detect tail lamps using red and
cyan image pixels is described with regards to FIG. 5 below.
Once the check [or headlamps and, il no headlamps are
detected, the check for tail lamps are completed, the illu-
mination range is controlled in block 124. Various alterna-
tives for controlling illumination range 24 of continuously
variable headlamps 22 are described with regards to FIGS.
2 and 3 above and to FIGS. 7 through 13 below.

Alternatives to the method shown in FIG. 4 are possible.
T'or example, the image obtained through the cyan filter in
block 110 may be used as the image obtained through the
cyan filter in block 116.

Referring now to FIG. 5, a flow chart of a method for
detecting tail lamps according to an embodiment of the
present invention is shown. Pixels in image array sensor 52
that image light 50 through the red filter in vehicle imaging
lens system 48 are examined.

The location of each pixel within image array sensor 52
is first determined to be within the tail lamp window in block
130. In a preferred embodiment of the present invention,
image array sensor 52 contains more pixels than are neces-
sary to acquire an image through the red and cyan filters
having sufficient resolution. These additional pixels can be
used to compensate for imperfections in ailing imaging
system 42 relative to controlled vehicle 20. By including
additional rows and columns of pixels, rows and columns of
pixels on the edge of image array sensor 52 may be
disregarded to compensate for aiming variations. Methods
for aiming imaging system 42 relative to controlled vehicle
20 will be described with regards to FIGS. 9 through 13
below. If the pixel is not determined to be within the tail
lamp window, the flow diagram is exited and the next pixel
is selected for examination as in block 132.

If the pixel selected from the red image is within the tail
lamp window, the value of the pixel is compared Lo the
corresponding pixel from the cyan image in block 134. A
decision is made in block 136 based on the comparison. If
the red pixel is not N % greater than the cyan pixel, the next
red pixel is determined as in block 132. Several criteria may
be used to determine the value of N. N may be fixed. N may
also be derived from the ambient light level. N may further
be based on the spatial location of the examined pixel.
Distant leading vehicle 28 in front of controlled vehicle 20
may be subjected to illumination 24 at full range intensity.
Thus, a lower value for N may be used for pixels directly in
front of controlled vehicle 20 while a higher value for N may
be used for pixels corresponding to areas not directly in front
of controlled vehicle 20.

Once the examined pixel is determined to be sufficiently
red, one or more brightness thresholds are determined in
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block 138. The intensity of the red pixel is then compared to
the one or more thresholds in block 140. If the examined red
pixel is not sufficiently bright enough, the next pixel to be
examined is determined as in block 132. The one or more
thresholds may be based on a variety of factors. A threshold
may be based on the average illumination level of surround-
ing pixels. It may also be based on settings for image array
sensor 52 and analog-to-digital converter 64. The average
pixel intensity over the entire image may also be used to set
a threshold. As in the case of N, the threshold may also be
determined by the pixel spatial location. For example, the
threshold for pixels outside of 6° right and left of center
should correspond to a light level incident on image array
sensor 52 of about 12 times as bright as the threshold of red
light directly in front of controlled vehicle 20 and pixels
between 3° and 6° lateral angle should have a light level
about 4 times as bright as a pixel imaged in front of
controlled vehicle 20. Such spatial varying thresholds help
to eliminate false tail lamp detection caused by red reflectors
along the side of the road.

Once the examined pixel is determined to be sufficiently
red and determined to have a sufficient illumination level,
the pixel is added to a tail lamp list in block 142. Pixels are
filtered for reflector recognition in block 144. The position
of each pixel in the tail lamp list is compared to the position
of pixels in the tail lamp lists from previous images to
determine if the pixels represent tail lamps or roadside
reflectors. Several techniques may be used. First, rapid
rightward motion of a pixel over several frames is a strong
indication that the pixels are imaging a stationary reflector.
Also, since the speed at which controlled vehicle 20 over-
takes leading vehicle 28 is much less than the speed at which
controlled vehicle 20 would overtake a stationary reflector,
the rate of increase in brightness of pixels would be typically
much greater for a stationary reflector than for tail lamps on
leading vehicle 28. A decision is made in block 46 to
determine if the pixel is a reflector image. If not, a deter-
mination is made that a tail lamp has been detected in block
148.

Referring now to FIG. 6, a flow chart of a method for
detecting headlamps according to an embodiment of the
present invention is shown. A pixel from image array sensor
52 is selected from a region viewing light 50 through vehicle
image lens system 48 having a cyan filter. The pixel to be
examined is first checked to determine if the pixel is within
the headlamp window in block 160. As in block 130 in FIG.
5 above, block 160 permits corrections in the aiming of
imaging system 42 by not using all rows and columns of
image array sensor 52. If the examined pixel is not within the
headlamp window, the tlow chart is exited and the next pixel
is obtained as in block 162.

A check is made in block 164 o determine il the exam-
ined pixel is greater than an upper limit. If so, a determi-
nation is made that a headlamp has been detected in block
166 and the flow chart is exited. The upper limit used may
be a fixed value, may be based on the ambient light level,
and may also be based on the spatial location of the
examined pixel.

If the upper limit in intensity is not exceeded, one or more
thresholds are calculated in block 168. A comparison is
made in block 170 to determine il the intensity of the
examined pixel is greater than at least one threshold. If not,
the next pixel to be examined is determined in block 162. As
in block 138 in FIG. 5 above, the one or more thresholds
may be determined based on a variety of factors. The
ambient light level may be used. Also, the average intensity
of pixels surrounding the examined pixel may be used.
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Further, the vertical and horizontal spatial location of the
examined pixel may be used to determine the threshold.

If the cxamined pixel is greater than at least onc threshold,
the pixel is added to the headlamp list in block 172. Each
pixel in the headlamp list is filtered for recognition as a street
lamp in block 174. One filtering method that may be used is
to examine a sequence of pixels in successive frames
corresponding to a potential headlamp. If this light source
exhibits alternating current (AC) modulation, the light
source is deemed to be a street lamp and not a headlamp.
Another method that may be used is the relative position of
the light source in question from frame to frame. If the light
source exhibits rapid vertical movement, it may be deemed
a street lamp. A determination is made in block 176 as
whether or not the light source is a street lamp. If the light
source is not a street lamp, a decision is made that a
headlamp has been detected in block 178.

Referring to I'IG. 7, a schematic diagram illustrating
reducing headlamp illumination range according to an
embodiment of the present invention is shown. Controlled
vchicle 20 has continuously variable hcadlamp 22 with
adjustable elevational aim. Imaging system 42 is mounted in
the rearview mirror mounting bracket and aimed to look
through the windshield of controlled vehicle 20. In this
position, imaging system 42 is approximately 0.5 meters
above the plane of continuously variable headlamps 22.
When oncoming vehicle 26 is detected, an angle is calcu-
lated between the direction of vehicle forward motion 190
and the headlamps of oncoming vehicle 26. This inclination
angle 192 is used to aim continuously variable headlamps
22. The elevational direction of the upper extent ol illumi-
nation range 24, indicated by 194, is set to be approximately
parallel with a line from imaging system 42 to the headlamps
of oncoming vehicle 26. This places beam upper extent 194
approximately 0.5 meters below the headlamps of oncoming
vehicle 26, thereby providing aiming tolerance, lighting the
road nearly to oncoming vehicle 26, and avoiding striking
the eyes of the driver of oncoming vehicle 26. If multiple
vehicles 26 are detected, beam upper extent 194 is set to be
substantially parallel with the greatest of the determined
elevational angles 192.

In an embodiment, the adjustment range of continuously
variable headlamps 22 may be restricted, particularly when
angle 192 is substantially above or below a normal level.
‘When one or more vehicle pitch sensors 70 are also used,
control system 40 may base the aiming of headlamps 22 on
output from imaging system 42 when lamps of oncoming
vehicles 26 or leading vehicles 28 have been located and
leveling control may be used otherwise. In yet another
embodiment, input from wvehicle pitch sensors 70 may be
used to calculate a limit on how high to set beam upper
extent 194 to keep the beam elevation within regulated
ranges. Inputs from vehicle speed sensor 72 may be used to
anticipate acceleration of controlled vehicle 20 to maintain
the proper inclination for beam upper extent 194.

Referring now to FIG. 8, a flow diagram of an alternative
method for reducing headlamp illumination range according
to the present invention is shown. An image is acquired in
block 200 and a determination is made to see if any vehicle
is within the glare area in block 202. Techniques for deter-
mining the presence of oncoming vehicle 26 or leading
vehicle 28 have been described with regards to FIGS. 4
through 6 above. If no vehicle is detected,,the illumination
range is set o [ull range in block 204.

If a vehicle is detected within the glare area, the illumi-
nation range is decreased incrementally in block 206. This
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results in illumination range 24 being decreased at a prede-
termined rate over a predetermined transition time. Several
techniques are available for decreasing illumination range
24. First, the intensity of light emitted by continuously
variable headlamp 22 may be decreased. Second, headlamps
22 may be aimed downward. Third, headlamps 22 may be
aimed horizontally away from the direction of oncoming
vehicle 26. In a refinement of the last option, a check is made
to determine if any leading vehicles 28 are in curb lanes on
the opposite side of controlled vehicle 20 from oncoming
vehicle 26. If any leading vehicles 28 are detected, continu-
ously variable headlamps 22 are not aimed toward the curb
lane. The rate at which illumination range 24 is decreased
may be constant or may be a finction of parameters including
the current inclination angle of continuously variable head-
lamps 22, the estimated range of oncoming vehicle 26 or
leading vehicle 28, ambient light levels, and the like.

Depending on the automatic headlamp dimming tech-
nique used, precise measurements of camera-to-vehicle and
headlamp-to-camera angles may be required. Concerning
the latter, the difference between the direction that control
system 40 commands the beam of continuously variable
headlamp 22 versus the actual direction of the beam of
headlamp 22 relative to imaging system 42 is a critical
system parameter. For example, low beams are designed to
provide a very sharp transition from a relatively strong beam
with beam upper extent 194 projected about 1.5° downward
to a greatly diminished intensity which is normally viewed
by drivers of vehicles 26,28 in the path of the beams. Thus,
errors of 0.5°, particularly in the elevational direction, are
significant. Errors of 2° are likely to subject drivers of
vehicles 26,28 to intolerable glare from direct, prolonged
exposure to brighter portions of illumination range 24 as if
headlamp 22 had not been dimmed at all. The position of
illumination range 24 relative to imaging system 42 may be
determined using control system 40.

In one embodiment, the position of illumination range 24
is sensed directly relative to the lights of oncoming vehicles
26 and leading vehicles 28 as adjustments to illumination
range 24 are being made. In an alternative embodiment,
illumination range 24 is momentarily delayed from returning
to full range. A sequence of images is taken containing beam
upper extent 194. If controlled vehicle 20 is in motion and
the beam pattern stays the same in each of the sequence of
images, control vehicle 20 can be assumed to be moving on
a straight and level road. Beam upper extent 194 can then be
determined relative to imaging system 42 by looking for a
sharp transition between very bright and very dim regions in
the output of image array sensor 52. The intensity of
illumination range 24 may also be varied during the
sequence of images to ensure that the bright-to-dim transi-
tion is actually caused by continuously variable headlamp
22. Experimentation is required to determine a reasonable
minimum speed, length of time, and number of frames to
obtain satisfactorily consistcnt mecasurcments for a particu-
lar implementation.

A method for aiming imaging system 42 relative to
controlled vehicle 20 is to precisely position controlled
vehicle 20 in front of a target that can be seen by imaging
system 42. This method is ideally suited to the automobile
manufacturing process where aiming imaging system 42
may be incorporated with or replace current headlamp
aiming. Vehicle dealerships and repair shops may be
equipped with similar targetting apparatus.

Referring now to FIGS. 9 through 13, a method for
establishing the aim of imaging system 42 relative to con-
trolled vehicle 20 that may be performed during the normal
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operation of controlled vehicle 20 is described. This method
may be used in conjunction with the targeting method
described above.

Referring now to FIG. 9, an illustration of street lamp
imaging is shown. Image 220 represents an output from
imaging system 42 showing how street lamp 222 might
appear in a sequence of frames. By noting changes in the
relative position of street lamp 222 in image 220, the vertical
and horizontal aim of imaging system 42 relative to con-
trolled vehicle 20 [orward motion can be determined. For
simplicity, the following discussion concentrates on deter-
mining vertical angle. This discussion can be extended to
determining horizontal angle as well.

Referring now to FIGS. 10a and 10b, schematic diagrams
of apparent street light elevational angle as a function of
camera-to-vehicle inclination angle are shown. In FIG. 104,
imaging system axis 230 is aligned with vehicle forward
motion direction 190. Imaging system axis 230 can be
thought of as a normal to the plane of image array sensor 52.
Over a sequence of images, street lamp 222 appears to be
approaching imaging system 42. The angle between street
lamp 222 and imaging sysltem axis 230, shown by 232,
increases linearly.

In FIG. 10b, imaging system 42 is not aimed in the
direction of vehicle forward motion 190. In particular,
vehicle forward motion direction 190 and imaging system
axis 230 form inclination angle 234. Therefore, in a
sequence of images, street lamp elevational angle 232
appears to increase in a non-linear fashion.

Referring now to FIG. 11, a schematic diagram illustrat-
ing street lamp elevational angle calculation according to an
embodiment of the present invention is shown. Image array
sensor 52 in imaging system 42 is represented as an array of
pixels, one of which is shown by 240. The number of pixels
240 shown in FIG. 11 is greatly reduced for clarity. Vehicle
imaging lens system 48 is represented by single lens 242.
Street lamp 222 is imaged by lens 242 onto image array
sensor 52 as street lamp image 244. Street lamp elevational
angle 232, shown as 6, can be calculated by equation 1:
(IRN — RRN)-PH) EQ D

tan(d) = ( FL

where RRN (Reference Row Number) is the row number
corresponding to imaging system axis 230, IRN (Image Row
Number) is the row number of street lamp image 244, PH is
the row height of each pixel 240, and I'L. is the focal length
of lens 242 relative to image array sensor 52.

Referring now to FIG. 12, a graph illustrating street lamp
clevational angles for three different camera-to-vehicle
inclination angles is shown. Curves 250, 252, 254 show the
cotangent of the inclination angle as a function of simulated
distance for street lamp 222 that is five meters high. Images
are taken at 20 meter intervals from 200 to 80 meters as
controlled vehicle 20 approaches street lamp 222. For curve
250, imaging system axis 230 is aligned with vehicle for-
ward motion direction 190. For curve 252, imaging system
axis 230 is one-half degree above vehicle forward motion
direction 190. For curve 254, imaging system axis 230 is
one-hall degree below vehicle [orward motion direction
190. Curve 250 forms a straight line whereas curve 252 is
concave upward and curve 254 is concave downward.

Referring now to FIG. 13, a flow diagram of a method for
calculating camera-to-vehicle inclination angle according to
an embodiment of the present invention is shown. A count
of the number of images taken is reset in block 260. The
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image count is compared to the maximum count (max count)
required in block 262. 'l'he number of images required
should be determined experimentally based on the type of
imaging system 42 used and the configuration of imaging
system 42 in controlled vehicle 22. If the image count is less
than the maximum count, the next image is acquired and the
image count is incremented in block 264.

A light source is found in the image in block 266. If this
is the first image in a sequence or if no suitable light source
has been previously found, a number of light sources may be
marked for potential consideration. If a light source has been
found in a previous image in the sequence, an attempt is
made to find the new position of that light source. This
attempt may be based on searching pixels in the last known
location of the light source and, if a sequence of positions is
known, may be based on extrapolating from the sequence of
light source images to predict the next location of the light
source.

A check is made to determine if the light source is
slationary in block 268. One check is to determine if the light
source exhibits AC modulation by examining light source
intensity over successive images. Another check is to track
the relative position of the light source in the sequence of
images. It the light source is not stationary, the image count
is reset in block 270. If the light source is stationary, an
elevational measure is calculated in block 272. A technique
for calculating elevational angle was described with regards
to FIG. 11 above.

When cach image in a scquence of max count images
contains a stationary light source, elevational measurements
are validated in block 274. As indicated with regards to FIG.
12 above, a sequence of elevational measurements for a
stationary light source, when expressed as the cotangent of
the angle as a function of distance, forms either a straight
line, a concave upward curve, or a concave downward curve.
The sequence of elevational measurements is examined to
ensure that the sequence fits one of these patterns. If not, the
sequence is discarded and a new sequence is obtained.

In an embodiment of the present invention, a check is
made to determine if the sequence of images was acquired
during relatively steady travel at relatively constant speed. If
not, the sequence is discarded and a new sequence is
obtained. Constant speed can be checked using the output of
speed sensor 72. Steady travel may be checked by examin-
ing the relative positions of stationary and non-stationary
light sources over a sequence of frames.

The image elevation relative to the vehicle is determined
in block 276. If the sequence of elevational measurements
does not form a straight line, inclination angle 234 may be
estimated by adding a constant value representing the radi-
ant valuc correction to cach of the tangent valucs to arrive
at a corrected tangent value. The reciprocal of the new
values are taken and analyzed to determine the difference
between successive values. If the difference is zero, the
correction value is the tangent of inclination angle 234. If the
sequence of differences is not zero, the concavity of the new
sequence is determined. If the concavity direction of the new
sequence is the same as the original sequence, the correction
value is increased. If the concavity directions are opposite,
the correction factor is decreased. A new sequence of
differences is then obtained and the process is repeated.

Referring now to FIG. 14, a cross-sectional drawing of an
imaging system that may be used to implement the present
invention is shown. A similar imaging system is more
completely described in U.S. Pat. No. 6,130,421 entitled
“Imaging System for Vehicle Headlamp Control” by J.
Bechtel, J. Stam, and J. Roberts, which is hereby incorpo-
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rated by reference. Imaging system 42 includes housing 280
which holds vehicle imaging lens system 48 and image array
sensor 52. Housing 280 defines aperture 282 which opens
onto a scene generally in front of controlled vehicle 20.
Support 284 serves to hold red lens 286 and cyan lens 288
and serves to prevent light coming through aperture 282 and
not passing through a lcns 286, 288 from striking image
array sensors 52. As is further described with regards to FIG.
15 below, image array sensor 52 has a first region for
receiving light transmitted by red lens 286 and a second,
non-overlapping region for receiving light transmitted by
cyan lens 288. Aperture 282, the spacing between lenses
286, 288, and baffle 290 are designed to minimize the
amount of light passing through one of lens 286, 288 and
striking the portion of image sensor 52 used to image light
from the other of lens 286, 288.

An embodiment of lenses 286, 288 will now be described.
Lenses 286, 288 may be manufactured on a single plate of
polymer, such as acrylic, shown as 292. The polymer may
optionally include infrared filtration, ultraviolet (iltration, or
both. Each lens 286, 288 is plano-convex with the forward
facing surface convex and aspheric. The front surface of
cach lens 286, 288 may be scribed by equation 2:

er? EQ. 2)

R
1++vV1-(1+k)2r?

where Z is the value of the height of the lens surface along
the optical surface as a function of the radial distance r from
the optical axis, ¢ is the curvature, and k is the conic
constant. For the front surface of red lens 286, ¢ equals 0.456
mm~* and k equals —1.0. For the front surface of cyan lens
288, c equals 0.446 mm™" and k equals —1.0. Lenses 286,
288 have a diameter of 1.1 mm and have centers spaced 1.2
mm apart. At the center, each lens 286, 288 is 1.0 mm. Plate
292 is mounted to baffle 284 such that the back of each lens
286, 288 is 4.0 mm in front of image array sensor 52. This
distance is indicated by focal length FL in FIG. 14. Red and
cyan filters are printed onto the rear flat surfaces of red lens
286 and cyan 288 respectively using screen, pad, or other
printing techniques. The red filter substantially transmits
light of wavelengths longer than 625 nm while attenuating
light of wavelength shorter than 625 nm. The cyan filter
substantially transmits light of wavelength shorter than 625
nm while attenuating light of wavelength longer than 625
nm. The preferable field of view afforded by lenses 286 and
288 is 10° high by 20° wide.

Referring now to FIG. 15, a schematic diagram of image
array sensor subwindows that may be used to implement the
present invention arc shown. Image array sensor 52 includes
an array of pixel sensors, one of which is indicated by 240,
arranged in rows and columns. Image array sensor 52
includes top border 302, bottom border 304, left border 306,
and right border 308 defining a region covered by pixel
sensors 240. Image array sensor 52 is divided into several
subwindows. Upper subwindow 310 is bounded by borders
308, 312, 314, and 316, and contains pixel sensors 240
struckby an image projected through red lens 286. Lower
subwindow 318 is bounded by borders 308, 320, 314, and
322, and includes pixel sensors 240 onto which an image is
projected through cyan lens 288.

Lenses 286, 288 provide a field of view in front of
controlled vehicle 20 such as, for example, 22° wide by 9°
high. A space between border 312 and top edge 302 and
between borders 316 and 324 allow for an elevational
adjustment to correct for misalignment of imaging system
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42 in controlled vehicle 20. To accomplish the adjustment,
upper subwindow 310, defined by borders 312 and 316, are
moved up or down within the range between top edge 302
and border 324. Similarly, borders 320 and 322 represent
boundaries for lower subwindow 318 that may be moved
between bottom edge 304 and border 326. Pixel sensors 240
that lic within the region between borders 324 and 326 may
receive light from both red lens 286 and cyan lens 288.
Therefore, this region is not normally used as part of the
active imaging area. Although only elevational adjustment
has been described, lateral adjustment is also possible.

Pixel sensors 240 lying between left edge 306 and border
314 may be used for ambient light sensing. Ambient light
sensing is described with regards to FIG. 20 below.

In a preferred embodiment of the present invention, image
array sensor 52 includes a 256x256 array of square pixel
sensors 240. In an alternative embodiment, pixel sensor 52
includes a 256x128 square array of rectangular pixels,
resulting in a vertical resolution greater than the horizontal
resolution.

Referring now to FIG. 16, aschematic diagram of an
embodiment of an image array sensor that may be used to
implement the present invention is shown. Pixel sensor 240
and the technique for correlated double sampling shown are
described in U.S. Pat. No. 5,471,515 entitled “Active Pixel
Sensor With Intra-Pixel Charge Transfer” to L. I'ossum, S.
Mendis, and S. Kemeny, which is hereby incorporated by
reference. The circuitry described can be built using stan-
dard CMOS processcs. Devices similar to image array
sensor 32 are available from Photobit Corporation of
Pasedena, Calif.

Image sensor array 52 includes an array of pixels 240.
Light striding photogate transistor 330 in each pixel 240
generates electrical charge which is accumulated beneath
photogate transistor 330. During charge collection, the gate
of photogate transistor 330 is held at a positive voltage to
create a well beneath photogate transistor 330 to hold the
accumulated charge. The gate of gate electrode 332 is held
at a less positive voltage, V, to form a barrier to the flow
of electrons accumulated beneath photogate transistor 330.
In an embodiment, V- is 3.8 volts relative to VSS. When
charge readout is desired, the gate of photogate transistor
330 is brought to a voltage less than V. The accumulated
charge then flows from photogate transistor 330 through
gate electrode 332 to the region beneath floating diffusion
334. Floating diffusion 334 is connected to the gate of
n-channel FET 336 which has its drain connected to supply
voltage VDD. Typically, VDD is 5.0 volts referenced to
VSS. The gate of photogate transistor 330 is returned to its
original voltage. A potential proportional to the accumulated
charge can now bc scnscd at the source of FET 336.

During charge transfer and readout, the gate of reset
electrode 338 is held at a low positive voltage to form a
barrier to electrodes beneath floating diffusion 334. When
the gate of reset electrode 338 is brought to a high positive
voltage, charge collected beneath floating diffusion 334 is
transferred through the region beneath reset electrode 338
and into drain diffusion 340 which is connected to VDD.
This brings the source of FET 336 to an initial or reset
potential. By subtracting this reset potential from the illu-
mination potential proportional to accumulated charge, a
great degree of fixed pattern noise may be eliminated. This
technique is known as correlated double sampling.

Pixel sensors 240 are arranged in row and columns. In a
preferred embodiment, all of the pixels in a row of a selected
subwindow are read simultaneously into readout circuits,
one of which is indicated by 342. One readout circuit 342
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exists for each column. The row to be read is selected by a
row address, indicated generally as 344. Row address 344 is
fed into row decoder 346 causing the row select line 348
corresponding to row address 344 to become asserted. When
row select line 348 is asserted, n-channel FET 350 is turned
on, allowing the potential at the source of FET 336 to appear
on column rcadout line 352. All pixcls 240 in cach column
are connected to a common column readout line 352.
However, since each pixel in the column has a unique row
address, only one row select line 348 can be asserted
resulting in at most one FET 336 source potential appearing
on column readout line 352.

Two control signals provide the timing for gating charge
in each pixel 240. Photogate signal (PG) 354 is a high
asserting signal indicating when charge is to be transferred
from photogate transistor 330 to floating diffusion 334. Each
row has gate 356 which ANDs photogate signal 354 and row
select line 348 to produce row photogate signal 358 which
is connected to the gate of each photogate transistor 330 in
the row. Row reset signal (RR) 360 is a high asserting signal
indicating when floating diffusions 334 should be returned to
the reset potential. Each row has gate 362 which ANDs row
reset signal 360 with the appropriate row select line 348 to
produce reset signal 364 which is connected to the gate of
each reset electrode 338 in the row.

Voltages at the source of [''T 336 are dropped across load
FET 366 when FET 350 is on. Load FET 366 is an n-channel
device with a fixed gate voltage of V, .. In this embodiment,
V. n 1s approximately 1.5 volts rcferenced to VSS. Each
pixel 240 may contain load FET 366 or, as is shown in FIG.
16, one load FET 366 may be used for each column.

Readout circuit 342 provides sample-and-hold for poten-
tials on column readout line 352 as well as output buffering.
Two input signals control each readout circuit 342. Sample-
and-hold reset signal (SHR) 368 turns on n-channel FET 370
allowing the potential on column readout line 352 to charge
capacitor 372. Capacitor 372 is used to store the reset
potential. Sample-and-hold illumination signal (SHS) 374
turns on n-channel FET 376. Tis permits the potential on
column readout line 352 to charge capacitor 378. Capacitor
378 is used to hold the illumination potential proportional to
the charge accumulated by photogate transistor 330.

At the end of a complete readout operation, the reset
potential and illumination potential from each pixel 240 in
a selected row are stored in capacitors 372, 378 in each
readout circuit 342. A column address, shown generally by
380, is input into decoder 382 asserting corresponding
column select line 384. Lach column select line 384 controls
an associated readout circuit 342 to determine which readout
circuit 342 will be driving common output lines SIGOUT
386 holding the illumination potential and RSTOUT 388
holding the reset potential. Buffer 390, with input connected
across capacitor 378 and output connected to SIGOUT 386,
and buffer 392, with input connected across capacitor 372
and output connected to RSTOUT 388 in each readout
circuit 342 are enabled by the appropriate column select line
384.

Referring now to FIGS. 17a through 17¢, a schematic
diagram of an embodiment of the present invention is
shown. Much of the circuitry shown in FIGS. 17« and 17b
is described in U.S. Pat. No. 5,990,469 entitled “Control
Circuit For Image Array Sensors” to J. Bechtel and J. Stam,
which is hereby incorporated by reference.

In FIG. 174, image array sensor 52 is shown as integrated
circuit chip U7. Biasing circuitry 400 is used to set the
various voltage levels, such as V- and V, L, required by
image array sensor 52. Output SIGOUT 386 and RSTOUT
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388 arce the illumination potential and reset potential respec-
tively for pixel 240 selected by row address 344 and column
address 380. Difference amplifier 402, such as the AD 830
High Speed, Video Difference Amplifier by Analog Devices,
accepts SIGOUT 386 and RSTOUT 388 and produces noise
reduced signal 404. Analog-to-digital converter 406, such as
LTC 1196 by Lincar Technology, accepts noisc reduced
signal 404 and produces digitized signal (ADDATA) 408.
The analog-to-digital conversion is started by asserting
conversion signal (CONVST) 410. The converted value is
serially shifted out at a rate determined by the input ADC
clock signal (ADCLK) 412.

The integrated circuit designated U4 and associated com-
ponents regulate the approximately 12 volt car battery
output to a 5 volt VCC supply voltage. The integrated circuit
U3 and associated components produces a conditioned 5
volt supply signal.

In FIG. 17b, application specific integrated circuit (ASIC)
414 is shown. ASIC 414 contains much of the logic for
controlling image array sensor 52 and analog-lo-digital
converter 406 as well as for communicating with processor
66. In the embodiment shown, ASIC 414 is an XC4003E
from Xylinx. However, it is well known in the art that a wide
range of means are available for implementing the logic in
ASIC 414 including discrete logic, custom VLSI integrated
circuits, various I'PGAs, programmable signal processors,
and microcontrollers. The logic implemented by ASIC 414
is described with regards to FIG. 18 below. Serial memory
416, such as thc AT17C65 by Atmel, is configurcd to storc
and automatically download the code describing the
designed logical operation into ASIC 414 each time power
is first applied. Clock signal 418, labeled OSC, is generated
by processor 66 and drives the sequential logic in ASIC 414.

ASIC 414 communicates with processor 66 using three
lines. Data is shifted serially between ASIC 414 and pro-
cessor 66 on master out slave in (MOSI) 420 at a rate
determined by serial peripheral serial clock (SPSCLK) 422
in a direction determined by slave select (SSI) 424. When
SSI 424 is asserted, processor 66 is the master and ASIC 414
is the slave. Processor 66 shifts instruction words into ASIC
414. In this mode, processor 66 drives SPSCLK 422. During
instruction execution, processor 66 deasserts SSI 424 mak-
ing ASIC 414 the master and processor 66 the slave. ASIC
414 shifts digitized, noise reduced intensity signals to pro-
cessor 66. In this mode, ASIC 414 generates SPSCLK 422.

As technology improves, it is desirable to locate image
array sensor 52, difference amplifier 402, ADC 406, and the
logic implemented in ASIC 414 on a single integrated circuit
chip. It may be possible to include processor 66 on such a
chip as well.

In FIG. 17¢, processor 66 and associated clectronics arc
shown. Processor 66 may be an H8S2128 microcontroller
from Hitachi. Processor 66 generates instructions for ASIC
414 that determine, in part, which subwindows of image
array sensor 52 will be examined. Processor 66 receives
digitized intensities from each pixel 240 in designated
subwindows of image array sensor 62. Processor 66 uses
these intensities to carry out the methods described with
regards to FIGS. 3 through 13 above for controlling con-
tinuously variable headlamps 22. One necessary function is
control of the gain [or images acquired using image array
sensor 52. As described with regards to FIG. 4 above, the
gain for an image used to detect the tail lamps of leading
vehicles 28 needs to be greater than the gain for an image
used to detect headlamps of oncoming vehicles 26. One or
more of several means are possible for controlling image
array sensor 52 gain. First, the integration time of pixels 240
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can be varied. Second, the reference voltage, VREF, of ADC
406 can be changed. 'T'hird, difference amplifier 402 can
have a variable, controllable gain. Fourth, a variable aperture
or a variable attenuator, such as an electrochromic window,
can be placed in the path of light striking image array sensor
52.

The typces and numbers of control signals required for
headlamps 22 depend on headlamp configuration in con-
trolled vehicle 20. For the embodiment described below,
controlled vehicle 20 has two continuously variable high
beam headlamps 22 and two continuously variable low
beam headlamps 22. Each high beam headlamp 22 can be
vertically and horizontally aimed using stepper motors. The
intensity of both high beam headlamps 22 is controlled by a
single pulse width modulated signal. The two low beam
headlamps 22 are not steerable but have intensities con-
trolled by a single pulse width modulated signal. It is
apparent to one of ordinary skill in the art that the present
invention can control various configurations of continuously
variable headlamps 22.

Processor 66 includes a first set of control signals, shown
generally by 426, for controlling the aim of the left high
beam headlamp. A similar set of eight control signals, shown
generally by 428, are used to control the aim of the right high
beam headlamp. Labels have been left off right aim control
signals 428 for clarity. A description of aim control signals
426,428 is provided with regard to FIG. 17¢ below. Proces-
sor. 66 also generates high beam modulated signal 430
which is buffcred to become high beam pulse width modu-
lated signal (PWM) 432. Identical circuitry may be con-
nected to low beam modulated signal 434. This circuitry has
been omitted for clarity. Headlamp controller 76 using PWM
signal 432 is described with regards to FIG. 17d below.

In FIG. 174, headlamp system 46 includes incandescent
headlamp 22 and headlamp intensity controller 76. Head-
lamp intensity controller 76 includes a power FET, such as
the IRFZ44N by International Rectifier. The intensity of
light emitted by headlamp 22 is proportional to the duty
cycle of PWM signal 432. A base frequency for PWM signal
432 of 2,000 Hz is preferred. Higher frequencies may
increase the power dissipation of the power FET.

In FIG. 17¢, headlamp system 46 includes headlamp 22
with variable vertical and horizontal aiming and headlamp
controller 76 for providing aiming signals. Headlamp 22
includes vertical stepper motor 440 for controlling vertical
aim direction and horizontal stepper motor 442 for control-
ling horizontal aim direction. Headlamp 22 also includes
vertical home switch 444 and horizontal home switch 446
for indicating when headlamp 22 is in the home position.
Vertical home switch 444 produces vertical home signal
(VSW) 448. Horizontal homc switch 446 produccs horizon-
tal home signal (HSW) 450. Vertical motor 440 is driven by
motor controller 452, such as the SAA1042 by Motorola.
Motor controller 452 has three inputs. Vertical direction
(VDIR) 454 indicates the direction of rotation of motor 440
for each positive edge on vertical clock (VCLK) 456.
Vertical step (VSTEP) indicates whether motor 440 will
make a full step or a half step for each applied pulse of
vertical clock 456. Horizontal motor controller 460 has
horizontal direction (HDIR) 462, horizontal clock (HCLK)
464, and horizontal step (HSTEP) 466 which [unction
similar to vertical direction 454, vertical clock 456, and
vertical step 458 for vertical motor controller 452.

In an alternative embodiment using HID headlamps, the
direction of light emitted from one or more headlamps 22 is
changed using magnetodynamic positioning (MDP). HID
headlamps operate by producing a charged arc in a gas such
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as xenon. The arc may be perturbed by the presence of a
magnetic field. Reflectors may be designed such that various
perturbations of the arc produce changes in the direction,
intensity, or both of light emitted by HID headlamp 22. Aim
control signals 426,428 from processor 66 may be replaced
by analog or digital outputs determining the direction for
aiming the output of HID hecadlamp 22. Hcadlamps utilizing
magnetodynamic positioning are being developed by Osram
Sylvania Inc. of Danvers, Massachusetts.

Referring now to FIG. 18, a block diagram illustrating
registers and associated logic used to control the image
control sensor is shown. The logic described below is more
completely discussed in U.S. Pat. No. 5,990,469 entitled
“Control Circuit For Image Array Sensors™ to J. Bechtel,
which is hereby incorporated by reference.

ASIC 414 includes control logic 480 which controls a
collection of registers and associated logic. All but two of
the registers are initially loaded with data from an instruc-
tion serially shifted over MOSI 420 from processor 66. The
path used to initialize the registers, indicated by 482, is
shown as a dashed line in FIG. 18. The purpose for each of
the registers and associated logic will now be described.

ASIC 414 can specify two subwindows within image
array sensor 52. 'T'he first subwindow is specified by low and
high column addresses and low and high row addresses. The
second subwindow is specified as having a column offset
and a row offset from the first subwindow. Hence, the first
and second subwindows have the same size. These two
subwindows may bc upper subwindow 310 and lower sub-
window 318 described with regard to FIG. 15 above. As
described with regards to FIG. 16 above, readout and reset
of each pixel 240 occurs by rows. Alternate rows from each
subwindow are obtained. Each pixel in the selected row of
first subwindow is read and then each pixel in the selected
row of the second subwindow is read.

Five registers are used to specify column address 380.
Second subwindow column offset register (SCO) 484 holds
the column offset between the first subwindow and the
second subwindow. Low column register (LC) 486 holds the
starting column value for the first subwindow. High column
register (HC) 488 holds the ending column value of the first
subwindow. Active column register (AC) 490 holds the
value of the currently examined column in the first subwin-
dow. Column select register (CS) 492 holds column address
380. Multiplexer 494 is initially set so that register AC 490
is loaded with the same column starting value as register LC
486 when processor 66 shifts an instruction into ASIC 414.
During instruction execution, multiplexer 496 is initially set
so that register CS 492 is loaded with the value of register
AC 490. Register AC 490 is incremented to select each
column in the first subwindow until the contents of register
AC 490 is greater, than the final column value in register HC
488 as determined by comparator 498. Register AC 490 is
then reloaded with the starting column value from register
LC 486 through multiplexer 494. Multiplexer 496 is then set
so that register CS 492 is loaded with the sum of register AC
490 and register SCO 484 produced by adder 499. As
register AC 490 is incremented, register CS 492 then holds
successive column addresses 380 of the second subwindow.

Row address 344 is specified using six registers. Second
subwindow row oflset register (SRO) 500 holds the row
offset between the first subwindow and the second subwin-
dow. Low row register (LR) 502 holds the starting row
address of the first subwindow. High row register (HR) 504
holds the ending row address of the first subwindow. Reset
row register (RR) 506 holds the address of the first subwin-
dow row for reset. ADC row register (AR) 508 holds the first
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subwindow row to be read out for analog-to-digital conver-
sion. Row select register (RS) 510 holds row address 344.
Register RR 506 and register AR 508 are used to determine
the integration time for each pixel 240. If each row in image
array sensor 52 is reset immediately prior to readout, a very
short integration time results. If each row is reset immedi-
ately following readout, a longer integration period results,
the length of which depends on the number of rows in the
first subwindow. An additional means for farther extending
integration time is described below. Four rows must there-
fore be considered, the reset row of the first subwindow, the
reset row of the second subwindow, the conversion row of
the first subwindow, and the conversion row of the second
subwindow. Multiplexer 512 and multiplexer 514 are first
set to pass the contents of register RR 506 into register RS
510. This makes the reset row of the first subwindow row
address 344. Multiplexers 512,514 are then set so that
register RS 510 is loaded with the sum of register RR 506
and register SRO 500 produced by adder 516. This makes
row address 344 the reset row of the second subwindow.
Multiplexers 512,514 are then set to load register RS 510
with the contents of register AR 508. This makes row
address 344 the conversion row of the first subwindow.
Multiplexers 512,514 are then set so that register RS 510 is
loaded with the sum of register AR 508 and register SRO
500 produced by adder 516. This makes row address 344 the
conversion row of the second subwindow. Register RR 506
and register AR 508 are then incremented. When the con-
tents of register RR 506 are greater than the ending row
valuc held in register HR 504 as dctermined by comparator
518, register RR 506 is reloaded with the starting row
address of the first subwindow from register LR 502 through
multiplexer 520. When the value held in register AR 508 is
greater than the ending row address in register HR 504 as
determined by comparator 522, register AR 508 is loaded
with the starting address of the first-subwindow from reg-
ister LR 502.

Two registers allow an integration period greater than the
frame period, which is defined as the time required to
convert each row in the first subwindow. Integration frame
delay register (IFD) 524 holds the two’s complement of the
number of frame periods for each integration period. Inte-
gration frame counter register (IFC) 526 is initially loaded
through multiplexer 528 with the value loaded into register
IFD 524 plus one provided by serial incrementer 530.
Incrementer 530 has an output indicating overflow. If reg-
ister IFD 524 is initialized with negative one, incrementer
530 indicates an overflow. This overflow signals control
logic 480 to perform row readouts during the next frame
period. If an overflow does not occur from incrementer 530,
no row readout is performed during the next frame period.
At the end of cach frame period, the contents of register IFC
526 are passed through incrementer 530 by multiplexer 528
and incrementer 530 overflow is checked again. When
overflow occurs, multiplexer 528 gates the contents of
register IFD 524 through incrementer 530 into register IFC
526 and the process is repeated.

Reset frame count register (RFC) 532 is initialized with
the two’s complement of the number of frames to be read
plus one. This value is used to indicate the number of times
in which an instruction shifted in from processor 66 is to be
repeated. At the end of each [rame in which all rows ol the
first and second subwindows have been read, the overflow
output of incrementer 534 is examined. If an overflow has
occurred, the instruction is completed and no further pro-
cessing occurs. If no overflow has occurred, the contents of
register RFC 532 are passed through multiplexer 536 and
incremented by incrementer 534.
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Outputs from comparators 498, 518, 522 and increment-
ers 3530, 534 are used by control logic 480 to generate
internal control signals for multiplexers 494, 496, 520, 512,
514, 528, 536 and incrementers for registers 490, 506, 508
as well as for external control signals such as PG 354, RR
360, SHS 374, SHR 368, CONVST 410, and ADCLK 412.

Referring now to FIG. 19, a timing diagram illustrating
image array sensor control signals is shown. The timing
diagram is provided to show timing relationships between
signals and not necessarily precise times between signal
events.

The beginning of the timing diagram in FIG. 19 corre-
sponds with the start of an instruction execution by ASIC
414. Row address (ROW) 344 is first set to the starting row
of the first subwindow, as shown by 550. Signals RR 360
and PG 354 are then asserted dumping any charge that may
be beneath photogate 330 in each pixel 240 in row 550, as
shown generally by 552. Row address 344 is then set to the
first row of the second subwindow, as shown by 554. Again,
signals RR 360 and PG 354 arc asserted, as shown by 556,
to reset all pixels 240 in second subwindow first row 554.
Row address 344 is then set to the first subwindow second
row, as shown by 558, and signals RR 360 and PG 354 are
asserted as shown by 560. This process continues by alter-
nately resetting the next row from the first subwindow then
the corresponding row from the second subwindow.

At some point in the furture, the time arrives to read the
values from each pixel 240 in the first row of the first
subwindow. Row addrecss 344 is again sct to first subwindow
first row address 550. Signal RR 360 is asserted, as shown
by 562, to dump any charge under floating diffusion 334.
Next, signal SHR 564 is asserted to gate the reset potential
for each pixel 240 in first subwindow first row 550 into
capacitor 372 of corresponding column readout circuit 342.
Next, signal PG 354 is asserted, as shown by 566, to transfer
charge accumulated under photogates 330 to floating diffu-
sions 334. Signal SHS 374 is then asserted, as shown by 568,
to gate the illumination potential for each pixel 240 into
capacitor 378 of corresponding column readout circuit 342.
Integration period 569 is the time between deasserting signal
PG 354 during reset 569 and asserting signal PG 354 during
readout 566.

The conversion process for each column in first subwin-
dow first row 550 can now begin. Column address (COL)
380 is set to first window first column, as shown by 570.
Signal CONVST 410 is then asserted at 572. 'T'his causes
ADC 406 to begin conversion. ASIC 414 provides a
sequence of clock pulses on ADCLK 412 and receives the
digitized illumination value serially on ADDATA 408. ASIC
414 immediately shifts the data to processor 66 over MOSI
420 as shown by 574. In the cxample shown in FIG. 19, cach
subwindow contains only four columns. The addresses for
first subwindow second column 576, third column 578, and
fourth column 580 are successively used as column address
380 and the conversion process is repeated.

Row address 344 can then be set to second subwindow
first row 554 and the sequence of assertions for signals RR
360, SHR 368, PG 354, and SHS 374 repeated to load
column readout circuits 342 with reset and illumination
potentials. Column address 380 can be set to second sub-
window [irst column 382 and the conversion sequence can
be repeated.

Note that, since the conversion process uses reset and
illumination potentials stored in readout circuits 342 and
column address 380 but not row address 344 and that row
reset requires row address 344 but not column address 380
or readout circuits 342, row reset may be interleaved with
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the conversion process. This is seen in FIG. 19 where,
following assertion of SHS signal 374 at 568, row address
344 is set to the first subwindow n”* row address 584 and
signals RR 360 and PG 354 ate asserted at 586 to reset all
pixels 240 in first subwindow n”* row 584.

Referring now to FIG. 20, an ambient light sensor that
may be used to implement the present invention is shown.
The ambient light sensor may be incorporated into imaging
system 42. The ambient light sensor is described more fully
in U.S. Pat. No. 6,130,421 entitled “Imaging System For
Vehicle Headlamp Control” to J. Bechtel, J. Stam, and J.
Roberts, which is hereby incorporated by reference.

Ambient light lens system 54 includes baffle 600 built
onto the front of housing 280. Baffle 600 is angled at an
angle 6 ¢ of approximately 45° with the horizontal of
controlled vehicle 20. Baffle 600 defines aperture 602 open-
ing towards the front of controlled vehicle 20. Aperture 602
may be trapezoidal such that the projection of aperture 602
onto a vertical surface would form a rectangle on the vertical
surface. Lens 604 is mounted in one side ol aperture 602.
The width of lens 604 is approximately the same as the
diameter of red lens 286 or cyan lens 288. Lens 604 accepts
light rays over a wide elevational range, such as vertical ray
606 and horizontal ray 608, and directs these rays into an
approximately horizontal direction. Lens 604 is positioned
so that a blurred, inverted image of lens 604 is projected by
red lens 286 onto one edge of image array sensor 52 between
top border 302 and border 316 to form red sky image 610.
Lens 604 is also positioncd so that a blurred, inverted image
of lens 604 is projected by cyan lens 288 between bottom
border 304 and border 320 to form cyan sky image 612. The
active length of lens 604 is made short enough to permit the
entire active length to be projected onto red sky image 610
and cyan sky image 612.

Red sky image 610 and cyan sky image 612 are examined
in processor 66 to determine an ambient light level. The
intensity values may be averaged to determine ambient light
levels. Lens 604 may be designed so that light 56 from
different ranges of elevational angles appears in different
regions of lens 604. In this case, light levels from different
ranges of elevational angles may be weighted higher than
from other ranges of elevation angles when an average is
determined. For example, near vertical light may be
weighted highest and near horizontal light may be weighted
lowest. Also, since red sky image 610 and cyan sky image
612 are correlated, intensities as a tunction of color may be
obtained. For example, the effective ambient light level may
be increased for a blue sky as compared with a cloudy sky.

Referring now to FIG. 21, a diagram illustrating mounting
of a moisture sensor that may be used to implement the
present invention is shown. Moisturc scnsor 74, as wcell as
imaging system 42, may be constructed into mounting
bracket 620 of interior rearview mirror 622. Moisture sensor
74 may be mounted two to three inches behind windshield
624 of controlled vehicle 20.

Referring now to FIG. 22, a diagram illustrating operation
of a moisture sensor that may be used to implement the
present invention is shown. Moisture sensor 74 and associ-
ated control system are described in U.S. Pat. No. 5,923,027
entitled “Moisture Sensor And Windshield Fog Detector” by
J. Stam, J. Bechtel, and J. Roberts, which is hereby incor-
porated by reference.

Moisture sensor 74 includes image array sensor 630, lens
632, and light source 634. Lens 632 is designed to focus
windshield 624 onto image array sensor 630. Moisture
sensor 74 operates in two modes, one for detecting droplets
on windshield 624 and one for detecting fog on windshield
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624. The first mode uses the focusing effect of a droplet of
water. When windshield 624 is dry, the scene appearing on
image array sensor 630 will be blurred since the scene has
an effective focal length of infinity and lens 632 is focused
on windshield 624. If droplets of water due to precipitation
such as rain or snow are present on windshield 624, portions
of the scene viewed by image array scnsor 630 will be morc
sharply focused. Since an unfocused scene has less high
frequency spatial components than a sharply focused scene,
examining the output of image array sensor 630 for high
spatial frequency components will provide an indication of
droplets on windshield 624. In the second operating mode,
light source 634 shines a beam of light, shown generally by
636, onto windshield 624. If no fog is present on windshield
624, beam 636 will pass through windshield 624 and will not
be seen by image array sensor 630. If fog is present on the
interior of window 624, beam 636 will be reflected as
interior light spot 638 which will be detected by image array
sensor 630. Likewise, if fog is on the exterior but not the
interior of window 624, beam 636 will be rellected as
exterior light spot 640 which will be seen by image array
sensor 630. If light spot 638,640 is seen by image array 630,
the relative height of light spot 638,640 in the image can be
used to determine whether the fog is on the interior or
exterior of windshield 624.

Image array sensor 630 may be similar in construction to
image array sensor 52. However, the number of pixels
required for image array sensor 630 is significantly less than
for imagc array scnsor 52. A 64x64 array of pixcls is
considered to be appropriate for image array sensor 630. The
angle of windshield 624 in current passenger cars is about
27°. Such a configuration may cause raindrops and other
moisture to be at different distances from the image sensor
depending on where the moisture is on windshield 624. To
help compensate for this problem, the top of image array
sensor 630 may be angled approximately 10° toward wind-
shield 624.

In a preferred embodiment, lens 632 is a single biconvex
lens having a 6 mm diameter, front and rear radius of
curvature of 7 mm for each surface, and a center thickness
of 2.5 mm. The front surface of lens 632 may be positioned
62 mm from the outer surface of windshield 624. Mounting,
bracket 620 may form a stop of about 5 mm directly in front
of lens 632. Image array sensor 630 may be located about
8.55 mm from the rear surface of lens 632.

Light source 634 is preferably a light emitting diode
(LED). Light source 634 either emits highly collimated light
or, as in the embodiment shown in I'IG. 22, lens 642 is used
to focus the light from light source 634 onto windshield 624.
light source 634 may emit visible light or, preferably,
infrarcd light so as not to crcate a distraction for the driver
of the controlled vehicle 20. Light source 634 may be
positioned a few millimeters above lens 632 and angled so
that beam 636 strikes windshield 624 in an area imaged by
image array sensor 630.

The output from image array sensor 630 must be pro-
cessed in a manner similar to the output of image array
sensor 52. A separate image array control and ADC, similar
to control and ADC 64, and processor, similar to processor
66, may be provided for this purpose. Alternately, a separate
imaging array control and ADC may be used with processor
66. A further embodiment is to use the same control unit 44
for the output of both image array sensor 52 and moisture
sensor 74. Processor 66 would control which image array
sensor 52,630 was being examined.

‘While the best modes for carrying out the invention have
been described in detail, other possibilities exist within the
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spirit and scope of the present invention. Those familiar with
the art to which this invention relates will recognize various
alternative designs and embodiments for practicing the
invention as defined by the following claims.
‘What is claimed is:
1. A method for controlling continuously variable head-
lamps comprising:
detecting the ambient light level;
enabling continuously variable headlamp operation if the
ambient light level is below a threshold level;

obtaining an image in front of the continuously variable
headlamps, the image covering an area including points
at which the driver in a vehicle in front of the continu-
ously variable headlamps would perceive the variable
headlamps as causing excessive glare il the continu-
ously variable headlamps are operating above a low
beam illumination level; and

controlling the continuously variable headlamps to pro-

duce a light level responsive to the obtained image
when variable headlamp operation is enabled.

2. The method of claim 1, wherein the step of controlling
includes gradually decreasing the light level produced by the
headlamps at a predetermined rate after a vehicle is detected.

3. The method of claim 2, wherein the step of controlling
includes increasing headlamp light level if another vehicle is
not detected.

4. The method of claim 1, wherein the step of controlling
includes altering the light level produced by the headlamps
as a function of a detected vehicle parameter associated with
a vehicle detected in the obtained image.

5. 'The method of claim 4, wherein the step ot controlling
includes altering the light level produced by the headlamps
as a function of ambient light level.

6. The method of claim 4, wherein the detected vehicle
parameter is an estimated distance to the detected vehicle
and the step of controlling includes altering the light level
produced by the headlamps as a function of the estimated
distance to the detected vehicle.

7. The method of claim 4, wherein the detected vehicle
parameter is the brightness of the lights of the detected
vehicle and the step of controlling includes altering the light
level produced by the headlamps as a function of the
brightness of the lights from the detected vehicle.

8. The method of claim 1, wherein the step of controlling
includes steering the headlamps.

9. The method of claim 1, wherein the step of controlling
includes changing the amount of light output by a light
source in the headlamp.

10. The method of claim 1, wherein the step of controlling
includes altering the vertical aim of the headlamps.

11. A headlamp control system comprising:

at least one headlamp circuit having an input for receipt

of a headlamp signal, said headlamp circuit providing
illumination at a selected illumination level corre-
sponding to a headlamp signal;

an image sensor to detect lights from a vehicle; and

a control circuit coupled to said at least one headlamp

circuit and said image sensor, said control circuit being
operable to detect a vehicle from information obtained
[rom said image sensor, Lo detect a vehicle parameter
associated with a detected vehicle, and to generate a
headlamp signal to cause said at least one headlamp
circuit to provide illumination at a selected illumination
level within a continuously variable headlamp illumi-
nation range, whereby the headlamp signal is derived
as a function of the vehicle parameter detected by the
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image sensor, wherein said vehicle parameter is any
one or a combination of: lateral position of the detected
vehicle, horizontal position of the detected vehicle,
estimated distance of the detected vehicle, and relative
direction of movement of the detected vehicle.

12. The headlamp control system of claim 11, wherein
said control circuit gradually decreascs the light level pro-
duced by said at least one headlamp circuit at a predeter-
mined rate after a vehicle is detected.

13. The headlamp control system of claim 12, wherein
said control circuit increases the light level produced by said
at least one headlamp circuit if another vehicle is not
detected.

14. The headlamp control system of claim 11, wherein
said control circuit alters the light level produced by said at
least one headlamp circuit as a function of the detected
vehicle parameter.

15. The headlamp control system of claim 14, wherein
said control circuit alters the light level produced by said at
least one headlamp circuit as a [unction ol ambient light
level.

16. The headlamp control system of claim 14, wherein the
vehicle parameter detected by said control circuit is an
estimated distance to the detected vehicle and said control
circuit alters the light level produced by said at least one
headlamp circuit as a function of the estimated distance to
the detected vehicle.

17. The headlamp control system of claim 14, wherein an
additional vehicle parameter detected by said control circuit
is the brightness of the lights of the detected vehicle and said
control circuit alters the light level produced by said at least
one headlamp circuit as a function of the brightness of the
lights of the detected vehicle.

18. The headlamp control system of claim 11, wherein
said at least one headlamp circuit includes two headlamps
and wherein said control circuit steers said headlamps.

19. The headlamp control system of claim 18, wherein
said control circuit alters the vertical aim of said headlamps.

20. The headlamp control system of claim 11, wherein
said control circuit changes the amount of light output by a
light source in said at least one headlamp circuit.

21. An illumination control system for controlling exterior
illumination lights of a controlled vehicle where the exterior
lights are capable of producing at least three illumination
patterns including at least a low beam illumination pattern
and two additional illumination patterns of higher intensity
than the low beam pattern, said control system comprising:

an imaging system capable of determining lateral and
elevational locations of headlamps from oncoming
vehicles and tail lamps from leading vehicles; and

a control circuit in communication with the imaging
system and operable to:

(a) acquire an image from said imaging system, the
image covering a glare area including points at
which a driver of a vehicle in front of the controlled
vehicle would perceive the exterior lights as causing
excessive glare;
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(b) process the image to determine if at least one
vehicle in front of the controlled vehicle is within the
glare area; and

(c) if at least one vehicle in front of the controlled
vehicle is within the glare area, change the illumi-
nation pattern of the exterior lights to a selected one
of the at least three illumination patterns to thereby
alter the glare area such that the at least one vehicle
is no longer in the glare area.

22. The headlamp control system of claim 21, wherein the
exterior lights include two headlamps and wherein said
control circuit steers at least one of the headlamps to obtain
the selected one of the at least three illumination patterns.

23. The headlamp control system of claim 22, wherein
said control circuit alters the vertical aim of at least one of
the headlamps to obtain the selected one of the at least three
illumination patterns.

24. The headlamp control system of claim 22, wherein
said control circuit additionally changes the amount of light
output by a light source in the headlamps to obtain the
selected one of the at least three illumination patlerns.

25. The headlamp control system of claim 21, wherein
said control circuit changes the amount of light output by a
light source in the exterior lights to obtain the selected one
of the at least three illumination patlerns.

26. The headlamp control system of claim 21, wherein
each of said at least three illumination patterns provides a
different illumination range.

27. The headlamp control system ol claim 21, wherein the
exterior lights produce continuously variable illumination
patterns, and wherein said control circuit varies the illumi-
nation pattern of the exterior lights through the continuum of
illumination patlerns in response lo lights detected in the
images obtained from said imaging system.

28. The headlamp control system of claim 21, wherein the
exterior lights provide continuously wvariable light output
levels, and wherein said control circuit varies the light
output levels of the exterior lights through the continuum of
light output levels in response to lights detected in the
images obtained from said imaging system.

29. An illumination control system for controlling exterior
illumination lights of a vehicle where the exterior lights are
capable of producing at least three illumination patterns
including at least a low beam illumination pattern and two
additional illumination patterns of higher intensity than the
low beam pattern, said control system comprising:

an image sensor for sensing an image forward of the

vehicle; and

a control circuit coupled to said image sensor for identi-

fying vehicle lights in the image obtained by said image

sensor, and for controlling the exterior lights to produce

a selected one of the at least three illumination patterns

in response to the identification or non-identification of

vehicle lights in the image sensed by said image sensor,
wherein said control circuit gradually decreases the

illumination level produced by the exterior lights at a

predetermined rate after vehicle lights are detected.

& * * #* *
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SYSTEM FOR CONTROLLING EXTERIOR
VEHICLE LIGHTS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation-in-part of U.S. patent
application Ser. No. 09/528,389 filed Mar. 20, 2000, entitled
IMPROVED VEHICLE LAMP CONTROL by Jon H.
Bechtel et al., the entire disclosure of which is incorporated
herein by reference.

BACKGROUND OF THE INVENTION

The present invention pertains to control systems for
controlling the exterior lights of a vehicle and components
that can be used with such a control system.

Modern automotive vehicles include a variety of different
lamps to provide illumination under different operating
conditions. Headlamps are typically controlled to alternately
generate low beams and high beams. Low beams provide
less illumination and are used at night to illuminate the
forward path when other vehicles are present. High beams
output significantly more light and are used to illuminate the
vehicle’s forward path when other vehicles are not present.
Daytime running lights have also begun to experience
widespread acceptance. In addition, super bright high beams
have been proposed for use on fast rural roads. Foul weather
lights, such as fog lights, are also commonly used. Other
exterior vehicle lights include tail lights, brake lights center-
mounted stop lights (CHMSLs), turn signals, back-up lights,
cargo lights, puddle lights, license plate illuminators, etc.

Laws in various countries regulate vehicle illumination,
and vehicle manufacturers must build cars that comply with
these regulations. For example, regulations set forth by the
United States Department of Transportation (DOT) regulate
the light emissions of a vehicle’s high beam headlamps.
Various state regulations are used to control the amount of
glare experienced by drivers due to preceding vehicles
(other vehicles traveling in the same direction) and oncom-
ing vehicles (vehicles traveling in the opposite direction).

Known vehicle high beam headlamp emissions in accor-
dance with the DOT regulations limit the intensity to 40,000
cd at 0°, 10,000 cd at 3°, 3250 cd at 6°, 1500 cd at 9°, and
750 cd at 12. An example of an emission pattern meeting this
regulation is illustrated in FIG. 1 of U.S. Pat. No. 5,837,994,
entitled CONTROL SYSTEM TO AUTOMATICALLY
DIM VEHICLE HEADLAMPS, issued to Joseph Scott
Stam et al. on Nov. 17, 1998, the disclosure of which is
incorporated herein by reference. In order to avoid an
illuminance of 0.1 foot candles (fc) incident on another
vehicle at these angles, the vehicle high beam headlamps
should be dimmed within 700 [eet of another vehicle il the
vehicles are at an angle of 0°, within 350 feet of another
vehicle if the vehicles are at a horizontal position of 3°, and
200 feet of the other vehicle if the position of the other
vehicle is at an angle of 6° to the longitudinal axis of the
controlled vehicle. It can thus be seen that a preceding
vehicle directly in front of the controlled vehicle (i.e., at an
angle of 0°) will need to be identified well prior to the
controlled vehicle catching up to the preceding vehicle,
although the distance by which the controlled vehicle’s
headlamps must be dimmed for a preceding vehicle can be
somewhat less than for an oncoming vehicle because glare
from behind is usually less disruptive than oncoming glare.

In order to automatically control the vehicle headlamps,
various headlamp dimmer control systems have been pro-
posed. In order to prevent drivers of other vehicles from
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being subjected to excessive glare levels, an automatic
headlamp dimmer system must sense both the headlamps of
oncoming vehicles as well as the tail lights of preceding
vehicles. Some systems that effectively detect headlamps are
unable to adequately detect tail lights. Most prior systems
are unable to distinguish nuisance light sources, such as
reflectors, street signs, strectlights, house lights, or the like,
from light sources that require headlight control.
Accordingly, these systems are subject to undesirable dim-
ming of the high beams when no other traffic is present and
turning on the high beams when other vehicles are present.
In addition to the undesirable performance, it is difficult for
prior systems to comply with the legal requirements as
described above for high beam control while avoiding
unnecessary dimming of the vehicle headlamps.

Fog lights are examples of other vehicle lights that are
difficult to control automatically. Vehicles are known to
include forward and rearward directed fog lights. In Europe,
it is known to provide a very bright red or white light on the
back of the wvehicle, which is illuminated under foggy
conditions. The fog lights must be turned ON as soon as the
fog reduces visibility by a predetermined amount and must
turn OFF when the fog drops below that density. A reliable
method of automatically controlling such fog lights has not
been available.

Accordingly, there is a need for a more reliable and
intelligent automatic lamp control for a vehicle.

SUMMARY OF THE INVENTION

According to one aspect of the present invention, a control
system is provided to control exterior lights of a controlled
vehicle. The control system comprises an imaging system
configured to image the scenc forward of the controlled
vehicle, and a control circuit for processing the image of the
scene obtained from the imaging system and for controlling
the exterior lights to change their beam pattern in response
to objects detected in the processed scene, the control circuit
disables automatic control of the exterior lights in response
to activation of the vehicle windshield wipers.

According to another aspect of the present invention, a
control system is provided to control exterior lights of a
controlled vehicle. The control system comprises an imag-
ing system configured to image the scene forward of the
controlled vehicle, and a control circuit for processing the
imagc of the scenc obtained from the imaging system and for
controlling the exterior lights to change their beam pattern in
response to objects detected in the processed scene, the
control circuit disables automatic control of the exterior
lights when the vehicle windshield defroster is operating at
full speed.

According to another aspect of the present invention, a
control system is provided to control exterior lights of a
controlled vehicle. The control system comprises an imag-
ing system configured to image the scene forward of the
controlled vehicle, and a control circuit for processing the
image of the scene obtained from the imaging system and for
controlling the cxterior lights to change their beam pattern in
response to objects detected in the processed scene, the
control circuit disables automatic control of the exterior
lights when snow is detected.

According to yet another embodiment, a method of
detecting snowfall or fog outside a vehicle is accomplished.
The method comprises the steps of: sensing light levels
forward above the vehicle; comparing the relative brightness
of the light levels forward and above the vehicle;, and
determining that it is snowing or foggy when a ratio of the
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relative brightness forward of the vehicle to that above the
vehicle reaches a threshold.

According to another aspect of the present invention, a
control system is provided to control the headlamps of a
vehicle. The control system comprises an ambient light
sensor for sensing the ambient light outside of the vehicle,
and a control circuit for varying the beam pattern of daytime
running lamps in response to the ambient light level sensed
by the ambient light sensor.

According to another aspect of the present invention, a
control system is provided to control the brightness of the
tail lamps of a vehicle. The control system comprises an
ambient light sensor for sensing the ambient light outside of
the vehicle, and a control circuit for varying the brightness
of the tail lamps in response to the ambient light level sensed
by the ambient light sensor.

According to yet another aspect of the invention, a
headlamp control system is provided for controlling the
headlamps of a controlled vehicle that comprises: an imag-
ing system configured to image the scene forward of the
controlled vehicle; a control circuit coupled to the imaging
system for identifying and determining the brightness of
light sources in images obtained from the imaging system
and for controlling the headlamps to vary a beam pattern of
the headlamps as a function of the brightness of light sources
within the images; and a user input mechanism coupled to
the control circuit for allowing a user to adjust a sensitivity
at which the control circuit will control the headlamps in
response to light sources within the images.

According to yet another aspect of the invention, a
headlamp control system is provided for controlling the
headlamps of a controlled vehicle that comprises an imaging
system configured to image the scene forward of the con-
trolled vehicle and to detect an ambient light level outside
the vehicle, and a control circuit coupled to the imaging
system for determining an ambient light level outside the
vehicle, for identifying and determining the brightness of
light sources in images obtained from the imaging system,
and for controlling the headlamps to vary a beam pattern of
the headlamps as a function of the brightness of light sources
within the images when the ambient light level is above a
threshold level.

According to another aspect of the present invention, a
control system is provided to control exterior lights of a
vehicle. The control system comprises an image array sensor
including a plurality of pixels, an optical system configured
to image the scene forward of the controlled vehicle onto the
image array sensor, the optical system including a forward-
most surface, and a control circuit for processing the image
of the scene obtained from the image array sensor and for
controlling the exterior lights in response to objects detected
in the processed scene, wherein the optical system includes
a hydrophilic coating on the forwardmost surface.

According to yet another aspect of the present invention,
a vehicle control system is provided to control the brightness
of continuously variable headlamps that have a brightness
that varies continuously between a high beam state and a low
beam state. The control system comprises an imaging Sys-
tem configured to image the scene forward of the controlled
vehicle, a control circuit [or identilying and determining the
brightness of light sources in images obtained from the
imaging system and for controlling the brightness of the
headlamps as a function of the brightness of light sources
within the images, and an indicator coupled to the control
circuit and positioned inside the vehicle for indicating to the
driver the relative brightness of the headlamps.
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According to another aspect of the invention, an imaging
system for a vehicle is provided that comprises an image
sensor having an array of pixels and at least one other
component, and an optical baffle disposed between the
images sensor and a scene to be imaged for preventing light
from the scene from reaching the at least one other compo-
ncnt.

According to a further aspect of the invention, a headlamp
control system for a vehicle is provided that comprises an
imaging system conlfligured (o image the scene [orward of
the controlled vehicle, a switching mechanism for manual
input of a driver’s selection of a feature affecting the control
of the vehicle headlamps, and a control circuit coupled to the
switching mechanism and the imaging system for identify-
ing and determining the brightness of light sources in images
obtained from the imaging system and for controlling the
brightness of the headlamps as a function of the brightness
of light sources within the images and as a function of the
status of the switching mechanism.

Another aspect of the present invention is to provide a
headlamp control system for a vehicle that comprises a
control circuit coupled to the vehicle headlamps [or [ading
the headlamps of the vehicle to an off state in response to the
turning off of the vehicle ignition or exiting the vehicle.

According to another aspect of the invention, a control
system is provided to control exterior lights of a vehicle. The
control system comprises an image array sensor including a
plurality of pixels, an optical system configured to image the
scene forward of the controlled vehicle onto the image array
sensor, the optical system including a forwardmost surface,
and a control circuit for processing the image of the scene
obtained from the image array sensor and for controlling the
exterior lights in response to objects detected in the pro-
cessed scene, the optical system includes a photocatalytic
coating on the forwardmost surface.

Another aspect of the present invention is to provide a
control system to control the headlamps of a vehicle. The
control system comprises a manually actuated switch
mechanism for receiving input from a driver to temporarily
increase the brightness of the vehicle headlamps in a flash-
to-pass state, an ambient light sensor for sensing the ambient
light outside the vehicle, and a control circuit coupled to the
ambient light sensor and the manually actuated switch
mechanism for varying the beam pattern of the headlamps
during the flash-to-pass state in response to the ambient light
level sensed by the ambient light sensor.

According to yet another aspect of the present invention,
a control system is provided to control the headlamps of a
vehicle where the vehicle has a microwave receiver for
receiving signals from satellites. The control system com-
prises a control circuit for receiving signals from the micro-
wave receiver indicative of the location of the vehicle, the
control circuit controls the headlamps to limit the perceived
brightness of the headlamps from exceeding a predeter-
mined level less than their capacity when the vehicle is
travelling on a residential street.

These and other features, advantages, and objects of the
present invention will be further understood and appreciated
by those skilled in the art by reference to the following
specification, claims, and appended drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter that is regarded as the invention is
particularly pointed out and distinctly claimed in the claim
portion that concludes the specification. The invention,
together with further objects and advantages thereof, may
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best be understood by reference to the following description
taken in conjunction with the accompanying drawings,
where like numerals represent like components, and in
which:

FIG. 1 illustrates vehicles traveling on a common road;

FIGS. 2a and 2b illustrate an optical sensor system, FIG.
2b showing a perspective view and FIG. 2a showing a cross
section of the optical sensor system taken along plane
2a—2a in FIG. 2b;

FIG. 3 is a plan view illustrating an image sensor used in
the optical sensor system according to FIGS. 2¢ and 2b;

FIG. 4 is a top plan view illustrating a lens structure used
in the optical sensor system according to FIGS. 24 and 2b;

FIG. 5 is a side eclevation view illustrating the lens
structure according to FIG. 4;

FIG. 6 is a graph illustrating wave transmissivity as a
function of light wavelength for the lens;

FIG. 7 shows a light sensitive surface of the image sensor
and illustrates the regions of the image array which are
impactcd by the light from cach of the lenscs;

FIG. 8 is a cross section illustrating another image sensor
assembly taken along the same plane as the assembly in FIG.
2a;

FIG. 9 is a cross section illustrating yet another light
sensor assembly taken along the same plane as the assembly
in F1G. 2a;

FIG. 10 is a partial cross scction of a rcarview mirror
assembly illustrating an optical sensor system;

FIG. 11 is a circuit schematic illustrating a circuit for an
optical sensor system and an electrochromic mirror;

FIG. 12 is a circuit schematic illustrating a headlamp
drive for the circuit according to FIG. 11;

FIG. 13 is a circuit schematic illustrating a microcontrol-
ler circuit for the circuit according FIG. 11;

FIG. 14 is a flow chart illustrating operation of an
electrochromic mirror and headlamp control;

FIG. 15 is a flow chart illustrating operations to acquire
and analyze an image;

FI1G. 16 is a flow chart illustrating operations to analyze
an image and find a light source;

FIGS. 17a and 17b are a flow chart illustrating a seed fill
algorithm;

FIG. 17c illustrates a pixel array impacted by a light
source;

FIG. 18 is a flow chart illustrating operation to determine
if light sources are oncoming or preceding vehicles;

FIG. 19 is a state diagram illustrating the duty cycle
associated with states for a variable high beam lamp;

FIGS. 20a and 20b illustrate operation rules for changes
of state in FIG. 19;

FIG. 21 is a flow chart illustrating operation to provide
speed varying thresholds;

FI1G. 22 is a chart illustrating the ditferent regions of the
image array;

FIG. 23 is a flow chart illustrating operation of the
microcontroller to shift the regions in FIG. 22;

FIG. 24 is a front perspective view illustrating an image
sensor assembly including an electronically alterable filter;

FIG. 25 is a side elevation view of the liquid crystal filter
in the image sensor assembly according to FIG. 24;

FIG. 26a is an exploded perspective view illustrating an
LED headlamp;
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FIG. 26b is a fragmentary cross section taken along plane
26b—26b in F1G. 26a;

FIG. 26¢ is a front plan view illustrating an alternate
embodiment of an LED lamp;

FIG. 26d is a fragmentary cross section taken along plane
26d—26d in FIG. 26¢;

FIG. 27 is a top, front perspective view of an LED
headlamp for projecting light in more than one horizontal
direction;

FIG. 28 is a top, front perspective view of an LED
headlamp for projecting light in more than one vertical
direction;

FIGS. 294-29d illustrates a method of manufacturing
surface mounted filters for an image sensor;

FIG. 30 is a chart illustrating the wavelengths passed by
a red filter surface mounted to an image sensor;

FIG. 31 is a chart illustrating the wavelengths passed by
a cyan filter surface mounted to an image sensor;

F1G. 32 illustrates another image sensor assembly;

FIG. 33 illustrates an electrical system including a wave
sensitive headlamp control;

FIG. 34 is a circuit schematic illustrating an alternative
circuit for an optical sensor system and an electrochromic
mirror;

FIG. 35 is a state diagram illustrating a first control
scheme [or manually or automatically controlling the
vehicle headlamps in response to activation of various
manual switches;

FIG. 36 is a state diagram illustrating a second control
scheme for manually or automatically controlling the
vehicle headlamps in response to activation of various
manual switches;

FIG. 37 is a state diagram illustrating a third control
scheme for manually or automatically controlling the
vehicle headlamps in response to activation of various
manual switches;

I'IG. 38 illustrates an exemplary indicator for use with the
headlamp control system of the present invention;

FIG. 39 is a representative pictorial view of an imaged
scene taken in several superimposed frames;

FIG. 40 is a functional block diagram of one embodiment
of the present invention;

FIG. 41 is front elevational view of a mirror mount
accessory housing according to another embodiment of the
present invention;

F1G. 42 is top plan view of the mirror mount accessory
housing shown in FIG. 41; FIG. 43 is a cross-sectional view
of the mirror mount accessory housing shown in I'IGS. 41
and 42 taken along line 43—43' in FIG. 42;

FIG. 44 is an exploded perspective view of the mirror
mount accessory housing;

FIG. 45 is rear clevational view of the mirror mount
accessory housing;

FIG. 46 is a side elevational view of the mirror mount
accessory housing with the housing cover removed,;

FIG. 47 is a top plan view of the mirror mount accessory
housing with the housing cover removed;

FIG. 48 is a front elevational view of the mirror mount
accessory housing with the housing cover removed;

FIG. 49 is a rear elevational view of the mirror mount
accessory housing with the housing cover removed; and

FIGS. 50A-50C are pictorial representations of various
illumination patterns produced by exterior lights of a
vehicle.
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DETAILED DESCRIPTION OF THE
INVENTION

The present invention generally pertains to a control
system for controlling the exterior lights of a vehicle. As
noted above, such exterior lights may include headlamps,
tail lights, foul weather lights such as fog lights, brake lights,
center-mounted stop lights (CHMSLSs), turn signals, back-up
lights, cargo lights, puddle lights, license plate illuminators,
etc. The headlamps may be operated in several different
modes including conventional low-beam and high-beam
states. They may also be operated as daytime running lights,
and additionally as super-bright high beams in those coun-
tries where they are permitted. The headlamp brightness
may also be continuously varied between the low, high, and
super-high states. Separate lights may be provided for
obtaining each of these headlamp states or the actual bright-
ness of the headlamps may be varied to provide these
different headlamp states. In either case, the “perceived
brightness™ of the headlamps-is varied. As used herein, the
term “perceived brightness” means the brightness of the
headlamps as perceived by an observer outside the vehicle.
Most typically, such observers will be drivers or passengers
in a preceding vehicle or in a vehicle traveling along the
same street in the opposite direction. Ideally, the exterior
lights are controlled such that if an observer is located in a
vehicle within a “glare area” relative to the vehicle (i.e., the
area in which the observer would perceive the brightness of
the exterior lights as causing excessive glare), the beam
illumination pattern is varied such that the observer is no
longer in the glare arca. The perceived brightness and/or
glare area of the headlamps (and/or other exterior lights)
may be varied by changing the illumination output of one or
more lights forming the headlamps, by steering one or more
lights to change the aim of one or more of the lights forming
the headlamps, activating or deactivating some or all of the
lights, altering the illumination pattern forward of the
vehicle, or a combination of the above. FIG. S0A shows a
typical low beam pattern as would be used when other
vehicles are nearby and forward of the controlled vehicle
5000. FIG. 50B shows an examplary composite beam pat-
tern including both high and low beam patterns and side
bending light patterns, which may be individually activated
as the vehicle 5000 approaches a turn. FIG. 50C illustrates
another composite beam pattern including a low beam
pattern and an intermediate, side-aimed pattern, which may
be produced by changing the focus or aim of the high beams
as well as the brightness of the high beams. The composite
beam pattern shown in FIG. 50C is useful when another
vehicle is approaching in an oncoming and adjacent lane. As
will be apparent to those skilled in the art, a large number of
other beam patterns can be achieved using known headlamp
mechanisms. Other mechanisms [or adjusting the perceived
brightness and glare area of the headlamps will also be
apparent to those skilled in the art.

Although the present invention primarily addresses the
control of the vehicle headlamps, embodiments are
described below for controlling the tail lights and foul
weather lights. In some embodiments, the present invention
is generally described as controlling the “exterior lights,”
which broadly includes any exterior lighting on the vehicle.
For example, the present invention may be used in some
circumstances to control the perceived brightness of a turn
signal mounted in an outside rearview mirror assembly so as
to provide sufficient light output for signaling a driver in
another vehicle without causing excessive glare in the eyes
of the driver of the vehicle having the signal mirrors. Also,
the present invention may be employed to control the
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instrument panel lights as well as other interior display lights
based upon the sensed ambient light. Other examples will be
apparent to those skilled in the art.

A controlled vehicle 100 (FIG. 1) having an automatic
headlamp dimmer includes an optical sensor system 102 for
detecting the headlamps 104 of an oncoming vehicle 105
and the tail lights 108 of a preceding vehicle 110. The
hcadlamps 111 of the controlled vehicle 100 are controlled
automatically to avoid shining the high beams, or bright
lights, directly into the eyes of a driver of oncoming vehicle
105 or by reflection into the eyes of the driver of the
preceding vehicle 110. The optical sensor assembly 102 is
illustrated mounted in the windshield area of the vehicle, but
those skilled in the art will recognize that the sensor could
be mounted at other locations that provide the sensor with a
view of the scene in front of the vchicle. Onc particularly
advantageous mounting location is high on the vehicle
windshield to provide a clear view, which view can be
achieved by mounting the optical sensor assembly 102 in a
rcarvicw mirror mount, a vchicle headliner, a visor, or in an
overhead console. Other views that may be advantageously
employed include mounting the optical sensor assembly 102
on the A-pilar, the dashboard, or at any other location
providing a forward viewing arca. However, the most advan-
tageous mounting locations are those that position the image
sensor to view a forward scene through an area kept clean by
the vehicle’s windshield wipers.

With reference to FIGS. 2a and 2b, the optical sensor
assembly 102 includes an electronic image sensor 201 and
an optical system to direct light onto the image sensor 201.
The image sensor 201 generally comprises an array of light
sensitive components and associated circuitry to output
electronic pixel light level signals responsive o light
impacting on the surface of the image sensor 201. The
optical system generally contains four components: lens
structure 202; aperture stop member 203; far field baffle 204;
and optional infrared filter 206. 'I'he optical system controls
the scene viewed by the image sensor 201. In particular, the
optical system focuses light rays 205 passing through open-
ing 207 of the far field baffle onto the array 201 contained
within the image sensor assembly 201.

THE IMAGE SENSOR

The configuration of the image sensor 201 is illustrated in
FIG. 3. The image sensor includes an image array 301 (FIG.
3) that can be made from any one of a variety of sensors,
such as CMOS image sensors, charge coupled device (CCD)
image sensors, or any other suitable image sensor. In one
embodiment, the image sensor is a CMOS photogate active
pixel image sensor. A CMOS photogate active pixel image
sensor is described in U.S. Pat. No. 5,471,515, entitled
ACTIVE PIXEL SENSOR WITH INTER-PIXEL
CHARGE TRANSFER, issued to Eric R. Fossum ¢t al., on
Nowv. 28, 1995, the disclosure of which is incorporated herein
by reference thereto. Sensor systems including arrays are
disclosed in U.S. patent application Ser. No. 09/448,304,
entitled CONTROL CIRCUIT FOR IMAGE SENSORS,
filed Nov. 23,1999, by Jon Bechtel et al.; U.S. patent
application Ser. No. 08/933,210, entitled CONTROL CIR-
CUIT FOR IMAGE SENSORS, filed on Sep. 16, 1997, by
Jon Bechtel et al., now U.S. Pat. No. 5,990,469; and U.S.
patent application Ser. No. 08/831,232, filed Apr. 2, 1997,
entitled CONTROL SYSTEM TO AUTOMATICALLY
DIM VEHICI.E HEADI.AMPS, by Joseph Stam et al., now
U.S. Pat. No. 5,837,994, the disclosures of this application
and patents are incorporated herein by reference thereto.

The array 301 may for example comprise photogate active
pixels, such as 10 to 50 um pixels. It is advantageous for the
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array to be a low resolution array, which is an array that has
a resolution of less than 7000 pixels per square millimeter
and more preferably less than 2500 pixels per square mil-
limeter. The array may have 25 ¢m or larger photogate active
pixels. In particular, the array may include 30 gm or larger
pixels arranged in a grid smaller than 200 rows by 200
columns, and may advantageously comprise a rectangular
array having 64 columns and 80 rows of pixels. Such an
image sensor is described in detail in U.S. Pat. No. 5,471,
515 incorporated herein above by reference thereto. The
optically active region of array 301 is approximately 1.9 mm
in the X direction by 2.4 mm in the Y direction. Using such
a low resolution image sensor array to monitor the forward
field of the controlled vehicle 100 results in a relatively low
resolution sensor system that can be supported by high speed
processing in a cost effective manner while enabling a
vehicle headlamp control to be highly reliable and accurate.
The low resolution array reduces the memory and processor
requirements of associated circuitry. The use of such larger
pixels increases sensitivity and thus allows the use of slower,
and thus lower cost, optics. However, one skilled in the art
will recognize that the use of a higher resolution array with
smaller pixels may be advantageous to reduce the area of the
sensor array and thus potentially reduce the cost at the array
itsell. In the case where a high resolution image sensor is
employed, faster components and higher quality optics may
be required to accommodate the high resolution image
sensor. With advances in optical manufacturing, such optics
may become cost etfective such that use of a higher reso-
lution array becomes economically practical. Additionally, it
is expected that in future years the cost of a processor and
memory required to process an image containing more
pixels will be reduced making a higher resolution system
fecasible. A higher resolution array may improve the ability
to detect distant tail lamps. However, at this time it is
preferred to use a low resolution array with relatively few
pixels to maintain the economy of the invention and thus
enable widespread acceptance in the market place.

An image sensor and control circuit therefore will be
described in greater detail herein below, and such a system
is disclosed in U.S. Pat. No. 5,990,469, the disclosure of
which is incorporated herein above by reference.

In addition to the array 301, the image sensor 201
includes: serial timing and control circuit 309; column
output circuit 302; bias generating digital-to-analog convert-
ers (DACs) 305; flash analog-to-digital converters (ADCs)
304; and analog amplifier 303. Serial timing and control
circuitry 309 provides a high-speed synchronous
bi-directional interface between a microcontroller 1105
(FIG. 11) and the image sensor 201. As described in U.S.
Pat. No. 5,990,469, the control circuit 309 allows the micro-
controller 1105 to output paramecters that control the sclec-
tion of pixels exposed for measurement (i.e., selects the area
of array 301 exposed; which area is referred to herein as the
“window™); exposure time which affects sensitivity; bias
voltages generated by the bias voltage generation DACs
305; and the analog gain of amplifier 303. Additional
features include the ability to expose two windows
simultaneously, using the same or different gain settings for
the amplifier 303 for pixels of the respective windows, and
the ability to acquire a sequence of multiple frames. The
control circuit 309 also enables a sleep [eature that disables
the analog components of the image sensor assembly 201 to
reduce power consumption when the image sensor is not in
use. The image sensor also includes: a power supply input
Vdd; a ground input; serial data bus input/output (I/0) 308;
serial data clock I/O 311; slave select input 307; and clock
input 306.
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The Lens Structure

Lens structure 202 (FIG. 2a) includes lenses 208 and 209.
Although two lenses are disclosed, the image sensor 201
could use a single lens or more than two lenses. The two
lenses 208,209 are used to produce two different images of
the same scene through different color filters to assist in
properly discriminating headlamps from tail lamps using the
image sensor 201 as described below and in U.S. Pat. Nos.
5,837,994 and 5,990,469, the disclosures of which are
incorporated herein above by reference. The image system
allows the acquisition of an imagc of a scence through at lcast
one color filter 208, 209. In one embodiment, the lens
structure is constructed to image the forward scene onto one
region of the image array 301 through a first color filter and
to image the forward scene onto another region of the image
array through a second filter. For example, filter 209 (FIGS.
2a and 2b) may be a red filter and filter 208 may be either
a blue filter, a green filter, a cyan filter, a clear filter (which
is for example the absence of a color filter), or any other
suitable filter. There are various places within the optical
system that the filters could be incorporated other than the
lens 208, 209, such as on the image sensor surface. However,
incorporating the filters into the lens structure has the
advantage that the light is not focused at the point of the
filter. Locating the filter in the image plane, i.e., on the
sensor, would leave an organic filter susceptible to thermal
damage should the sun fall within the sensor’s field of view
such that the sun’s rays are focused on the filters. I'ypically,
filter materials are much more vulnerable to thermal damage
than the image sensor itself. A possible exception would be
dichroic interference filters, which are highly resistant to
thermal damage. A method by which such thermal resistant
filters can be deposited onto a scmiconductor image sensor
surface is described in greater detail herein below with
respect to an alternate embodiment of the present invention.

An example of a filter that could be incorporated on the
image sensor surface is a dichroic filter array of the type
disclosed in U.S. Pat. No. 5,711,889 to Philip E.
Buchsbaum, the entire disclosure ol which is incorporated
herein by reference. The dichroic filter array disclosed in this
U.S. patent is resistant to thermal damage and therefore
would be suitable for use in an image sensor used for
detecting light sources in the control of a vehicle’s head-
lamps. Such a dichroic filter array may include a checker-
board or mosaic pattern may be deposited on to the array
such that neighboring pixels are exposed to separate bands
of light. A technique for depositing interference filters of
different colors onto neighboring pixels is disclosed in the
above-referenced U.S. Pat. No. 5,711,889. In one
embodiment, neighboring pixels are alternatively coated
with a red filter (R) and no filter (clear (C)) as illustrated in
the table below.

ol iz lel
Alo|l=|a
o] iz Kol L
Blo|=|[a

In this embodiment, the optics do not include the lens
structure and color filters discussed above, since the color
filtering function is performed by the filter pattern. Likewise,
the optics do not need to separately image the forward scene
onto two portions of the image sensor. Thus, the twice as
much of the image sensor array may be used to image a
single image of the forward scene. It should be noted
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however, that in accordance with yet another embodiment of
the present invention, the optics may still image the forward
scene onto two separate portions of the image sensor array
as discussed above, but instead of incorporating the color
filter into the lens, the color filter may be provided as a
patterned or non-patterned multi-layer interference filter on
the scnsor.

The optics in this embodiment are slightly defocused such
that the spot size from a distant point light source covers at
least two pixels. In this way, an accurate reading of the red
component of the object can be determined. The inventors
have discovered that common color filter array technologies,
typically employing polymer filters, will not withstand
direct focused sunlight. In many automotive applications,
the sun may be focused onto the array if a vehicle is traveling
or parked such that the sun is within the field of view of the
camera. Interference filters are far more robust and reflect
the unwanted spectral bands of light rather than absorb them.
As a result, their use overcomes the limitations of the prior
filtering technologies and allows the construction of an
automotive camera. These filters can be used not only with
cameras which are used in applications which control
vehicle equipment, but also in applications where images are
acquired and displayed to the driver for visual assistance.

In another embodiment, three-color interference filters

can be used to construct a red, green, and blue (RGB) pixel
array (or their complements) as illustrated in the table below.

T Q|w|]
NEIRE
T Q|w |0
RNEIRE

A full color value for each pixel is determined by using
the color of the current pixel and interpolating the other two
colors from neighboring pixels with different filter colors.
Techniques for performing this interpolation are well known
in the art. In a simpler scheme, groups of four pixels are
treated as one “super pixel.” The lens is defocused enough
such that the image of a point light source is blurred over a
2x2 block of pixels. For each block of 2x2 pixels, the red,
green, and blue color components are determined from the
individual pixels. This data can be represented either as three
separate values or as an intensity and color value.

The use of a 2x2 super pixel simplifies processing and
reduces the total number of values stored. This technique
can be combined with any of the other techniques in an
application requiring color imaging. For an application such
as a high beam headlamp control system, traditional color
interpolation can be used near the center of the image for
increased resolution and the technique of using super pixels
can be used away from center. Super pixels larger than 2x2
blocks can be used where substantially decreased resolution
is acceptable.

The lens structure 202 will now be described in greater
detail with reference to FIGS. 24, 4, 5, and 7. The lens
structure 202 includes a first lens 208 and a second lens 209
that focus light from other vehicles onto the image array 301
(FIG. 7). The two lens elements 208, 209 image the forward
scene onto different respective regions 702, 703 of the image
sensor image array 301. Each lens element 208, 209 contains
a spectral band pass filter, such that the forward image scene
projected onto the respective regions of the image array 301
each represents a different color component of the image,
where it is advantageous to determine the relative color of
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abjects in the field of view. It is particularly advantageous
for the lens elements 208 (FIG. 24) and 209 to comprise
cyan and red filters, respectively, as mentioned above and
shown in FIGS. 4 and 5. Alternatively, it may be advanta-
geous for lens 209 to contain a red spectral filter and for lens
208 to be clear.

The sensor system may for example employ lens elements
208 and 209 that arc 0.5 mm to 2.5 mm in diamcter, and may
advantageously comprise lenses that are 1.0 to 2.5 mm in
diameter, such as being 2.2 mm in diameter. In the Y
direction, the lens center axes C; and C, may be spaced by
0.6 to 1.6 mm, and may for example be spaced by 1.1 to 1.4
mm, and may advantageously be spaced 1.3 mm in the Y
direction (as indicated in FIG. 5). A portion of the lens may
be truncated on one side o achieve this spacing. The lens
center C,, C, may be aligned in the X direction as shown in
FIG. 4, or be offset. Lens element 208 may for example
include a cyan filter with an aspheric lens having a curvature
of 0.446 mm™" and a conic constant of —0.5 to achieve the
desired focal length. Lens element 209 may in contrast, be
a red filter, aspheric lens with a curvature of 0.450 mm™" and
a conic constant of —0.5 to achieve the same desired focal
length. At the center, each lens is 0.5 to 1.5 mm thick, and
may The difference in curvature of the two lenses compen-
sates for the dispers and optimizes each lens for the spectral
band passed by the filter. These parameters result in a lens
with an effective focal length of 4.5 mm and thus have an F#
of 2. It will be recognized that these optics are exemplary,
and that other optics could be provided, such that the focal
length and F# could be different.

The lens structure 202 may be molded out of a light-
transmissive plastic such as acrylic, manufactured from
glass, or may be produced by any other suitable construc-
tion. Where the lenses 208, 209 are molded from plastic, the
filters may be formed integrally with the plastic by the
inclusion of dyes within the material or they may be molded
of a clear transparent material, particularly where the image
sensor has a surface mounted filter as described herein
below. An example of an acrylic material, which includes a
red filter dye, is part number RD-130 available form
OptiColor, Inc. of Huntington Beach, Calif., USA. An
acrylic material incorporating a cyan filter is OptiColor part
number BL-152. The spectral transmission of these two
materials is shown in FIG. 6. Using the optional infrared
filter 206 will remove light with wavelengths greater than
approximately 700 nm.

The lens structure 202 including integral filters may be
manufactured using a bi-color injection molding process.
First one-half of the lens, for example the red half including
lens 209, is molded in a tool containing features to form the
red half of the lens. Next, the molded red half of the lens is
inserted into a ool containing features [or the cyan hall of
the lens structure 202 in addition to features to hold the red
lens 209. The cyan lens 208 half of the lens structure 202 is
then injection molded against the red lens 209 half forming
one bi-color lens. Alternatively, each of the lenses 208 and
209 can be provided by lens elements such as disclosed in
copending U.S. Pat. No. 6,130,421, entitled IMAGING
SYSTEM FOR VEHICLE HEADLAMP CONTROL, filed
Jun. 9, 1998, by Jon H. Bechtel et al., the disclosure of which
is incorporated herein by reference thereto.

While red and cyan filtered lens elements are used in the
illustrated embodiment, other combinations of lenses may
also be suitable for this application. For example, it is
possible to replace cyan lens element 208 with a clear lens.
Also, it is possible to use three lenses with respective color
filters, and in particular red, green, and blue filters, to obtain
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a full color image. Such an arrangement could use a
sequence of three lenses aligned along the Y axis of FIG. 4,
with one lens positioned on the center axis and the other two
lenses positioned adjacent this center lens. The spacing of
the lenses might advantageously be uniform to provide
uniformly spaced regions on the light sensitive surface of the
image array 301. The red and cyan filter colors described
above are thus only presented herein as an example, and any
combination of filters which pass at least two isolated or
overlapping spectral bands of light and allow for the dis-
tinction of tail lamps from headlamps may be used. Those
skilled in the art will recognize that other methods can be
used to incorporate the filters, such as screen printing dyes
applied to the flat back surface of the lens structure 202, or
application of a filter material to the surface of a clear lens
structure. Additionally, an advantageous system using a
single lens is described herein below with reference to FIGS.
24 and 25.

The Aperture Stop

Aperture stop 203 comprises an opaque member, includ-
ing apertures 240 (FIG. 2a) and 242, positioned over lenses
208, 209. The aperture stop 203 can be manufactured of any
suitable matcrial, such as molded plastic, and it can be
painted or otherwise treated so as to block the passage of
light if the material of which the plastic is manufactured is
not opaque. Aperture stop 203 defines the apertures 240, 242
for lens elements 208 and 209. Aperture stop 203 also
prevents passage of stray light through regions of lens
structure 202 other than the lens elements 208 and 209. It
will be recognized that the aperture stop 203 can be paint
applied directly to the surface of lens structure 202, and
optionally to the sidewalls of light sensor assembly 250,
such that the paint blocks passage ol stray light through
regions of lens 202 other than the lens elements 208 and 209.
The aperture stop may also be stamped from a rigid material
such as Mylar and placed over the lens structure. Such an
aperture stop may include a pair of registration holes for
engaging posts extending from the lens structure such that
the aperture stop may be properly positioned relative to the
lens structure with the apertures 240, 242 aligned with the
corresponding lens elements 208, 209 of lens structure 202.

The aperture stop and/or the window may define a trans-
parent window in an otherwise opaque mask in which the
transition from the opaque region to the transparent region
may be graded. By providing such a gradient, spatial thresh-
olding of the received and processed image may be readily
accomplished. The purpose for such spatial thresholding is
discussed in more detail below.

The Far Field Baffle
The far field baffle 204 (FIGS. 2a and 2b) is an opaque

enclosure to be positioned over the image sensor 201. The
baffle includes an opening 207, which is the sole light
passage into the image sensor. The illustrated far field baffle
204 is a generally rectangular box including four sidewalls
215 (only two of the four being visible in FIG. 2b), an end
wall 217 including opening 207, and an open end 219. The
open end is secured to the support 220 on which image
sensor 201 is carried. The support 220 may be, [or example,
a circuit board or housing, and is preferably opaque to block
the passage of light into the chamber defined by the far field
baffle. The walls 215, 217 of the far field baffle 204 are
opaque, and may be of any suitable construction such as
stamped from metal, molded from plastic, or the like. If the
material from which the walls are made is not opaque, it may
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be painted or otherwise treated to block the admission of
light. The far field baffle defines the forward scene viewed
by image sensor array 208. The side walls 215 and end wall
217 prevent light at angles outside of the desired field of
view from entering and are also used to keep light input
through one lens from crossing over to the region of the
array reserved for the other lens. The far field baffle aperture
207 is ideally about 4—6 focal lengths, or approximately 18
mm in the illustrated embodiment, from the front of the lens
(for the sake of clarity, the figures of the application are not
to scale). The field of view through aperture 207, aperture
stop 203, and lenses 208 and 209, in the illustrated
embodiment, is about 10° in the vertical direction and 25° in
the horizontal direction in front of the vehicle. This field of
view can be achieved with a rectangular or elliptical far field
baffle opening 207 that is 6 to 7 mm in the Y direction and
9 to 10 mm in the X direction, in the above described
embodiment.

In particular the far field baffle 204 has an opening 207 in
an cnd wall 217. The sidewalls 215 of the image array scnsor
extend orthogonally from the end wall 217. The walls 215,
217 may be formed integrally in a molding or stamping
process or they may be joined after construction using an
adhesive, [asteners or the like. The [ar field ballle is prel-
erably a black plastic molded member, although it may be
provided using any material that will absorb most or all of
the light striking the sidewalls. By providing wall surfaces
on the inside of the far field baffle that absorb light, the walls
will not reflect light that enters though opening 207 onto the
image array sensor 201. In the illustrated embodiment, the
baffle is rectangular, but those skilled in the art will recog-
nize that the baffle could be square, cylindrical, or any other
suitable shape. An imaging system including a far field baffle
is described in co-pending U.S. Pat. No. 6,130,421, entitled
IMAGING SYSTEM FOR VEHICILE HEADI.AMP
CONTROL, filed on Jun. 9, 1998, by Jon H. Bechtel et al,
the disclosure of which is incorporated herein by reference
thereto.

I'ar field baffle 204 and aperture stop 203 preferably
configured to prevent light from reaching components other
than image sensor array 201 that may be mounted on circuit
board 221. Cecrtain scnsors, such as CMOS scnsors, oftcn
include other components besides the image sensor array on
the printed circuit board that may be damaged from expo-
sure to light. Additional baffle structures may be incorpo-
rated for this purpose.

Infrared Filter

The far field baffle holds an optional infrared filter 206
(FIG. 24). Infrared filter 206 prevents light of wavelengths
longer than about 700 nm from being imaged by the optical
system. This is advantageous as light above 700 nm (FIG. 6)
will pass through the red and cyan [ilters. By removing this
light, the only light that will be considered is visible light in
the pass band of the red and blue filters. The infrared filter
has become more important due to the recent commercial-
ization of LED tail lamps. Because incandescent light
sources emit infrared light while LED light sources do not,
the infrared filter is desirable to balance out the detected
brightness of these two types of light sources.

Infrared filters are available from Optical Coating Labo-
ratories of Santa Rosa, Calil., and are called Wide Band Hot
Mirrors. The infrared filter 206 may be mounted to the end
wall 217 using an adhesive, mechanical fasteners such as a
snap connector, or the like, and may seal off the chamber
within the far field baftle to prevent dust and moisture from
entering the system and degrading the performance of the
system.

Mercedes EX1010, Part 1 of 3
U.S. Patent No. 9,955,551



US 6,587,573 B1

15

Alternatively infrared filter 206 may be incorporated as a
dye within the lens, a coating on the lens, a coating on the
image sensor surface, a lid on an image sensor package, or
elsewhere in the image sensor assembly. If the IR filter is not
such that it can be used to close the opening 217 of far field
baffle 204, it may be desirable to place a clear window, such
as glass, plastic, or the like in the opening 217 to prevent
dust from entering into the interior of the far field baffle and
interfering with the performance of the sensor system 102.

Hydrophilic/Photocatalytic Coatings

In addition to functioning as an infrared filter, filter 206
serves to prevent debris and liquid from reaching the image
sensor assembly through opening 207. In the event an
infrarcd filter is not utilized, a transparcnt window may be
used in its place for this purpose.

Whether an infrared filter 206 or window is utilized, it is
desirable to keep liquid drops from attaching to the outer
surface of filter/window 206 within opening 207 since such
liquid drops distort the image that is received and processed
by the image sensor and because such liquid drops tend to
dry and leave spots on the outer surface of filter/window
206. Such liquid drops may form on filter/window 206
when, for example, an individual sprays a cleaning fluid on
the inside of the windshield, which is in close proximity to
the outer surface of filter/window 206. It is very possible that
the individual cleaning the windshield would forget to wipe
the cleaning fluid from the filter/window of the image
sensor, thus leaving a fine mist of water droplets over the
surface of the filter/window, which would blur the images
obtained by the image sensor.

To overcome this problem, the present invention may
employ a hydrophilic coating on the outer surface of filter/
window 206. Hydrophilic coatings have a porous outer
layer(s) that absorb the water or other liquid uniformly
across its surface such that water droplets/spots do not form
on its surface. One problem many such hydrophilic coatings
experience is that the pores in the outer layer(s) may become
clogged by oil, grease, or other contaminants thereby elimi-
nating the effectiveness of the hydrophilic coating. To over-
come that problem, a photocatalytic layer may be used in
conjunction with the hydrophilic coating. Such photocata-
lytic layers break down the oil, grease, or other contaminants
within the hydrophilic layer when exposed to ultraviolet
light. This tends to clear the pores in the hydrophilic layer of
the contaminant and allow it to operate effectively as a
hydrophilic layer. Examples of hydrophilic/photocatalytic
coatings that may be employed for this purpose are disclosed
in U.S. patent application Ser. No. 09/602,919 entitled
ELECTRO-OPTIC DEVICE HAVING A SEILF-
CLEANING HYDROPHILIC COATING filed on Jun. 23,
2000, by William L. Tonar et al. The entire disclosure of this
application is incorporated herein by reference.

Assembly of The Image Sensor Assembly

Assembly of the image sensor will now be described with
reference to image sensor assembly 801 of FIG. 8, which is
identical to the image sensor assembly 250 except for the gel
805 in image sensor assembly 801. The image sensor 201,
lens structure 202, and aperture stop 203 are combined Lo
form an integral image sensor assembly 250 (FIG. 2) or 801
(FIG. 8). The image sensor 201, which is advantageously a
single integrated circuit (IC), is attached to printed circuit
board 220 by any suitable conventional means such as using
chip-on-board technology. Connections to the image sensor
chip are made by any suitable means, such as wire bonds

10

15

20

30

35

40

45

50

55

60

65

16

804. The bonded IC is then optionally covered with an
optically clear stress relieving gel 805. Examples of mate-
rials that can be used for this coating are Silicon Semi-Gel
type C from Transene Co. of Danvers, Mass., or Dielectric
Gel 3-6211 from Dow Corning Corp. of Midland, Mich. The
coated IC is then encapsulated in a hard optically clear
enclosure 802, which may for example comprise epoxy. The
epoxy is formed into a desired shape and may form, for
example, a cube. The cube can be dimensioned to occupy a
very small volume, and may for example have length and
width dimensions of about 1 ¢cm on a side, and a thickncss
of about 5 mm. The enclosure 802 (FIG. 8) may be selected
to have approximately the same index of refraction as the
stress relieving gel 805 to prevent any refraction at the
interface between these two materials. Examples of suitable
epoxies are: Epo-Tek 301-2FL from Epoxy Technology, Inc.
of Billerica, Mass., Epoxy 50 from Transene Co, or Dexter-
Hysol OS 1900, or 300H from Nitto Denko Corporation. If
the coefficient of thermal expansion of the enclosure 802 is
sufficiently low that its expansion and contraction will not
break wire bonds 804 at the expected operating temperature
range for the image array sensor 201, stress-relieving gel
805 can be omitted, as is shown by enclosure 230 over wire
bonds 234 in image sensor assembly 250 in FIG. 2a.

Lens structure 202 is attached to the enclosure 802 (FIG.
8) or enclosure 230 (FIG. 2) using a UV curable optically
clear adhesive 232. UV curable adhesive 232 is dispensed
onto the epoxy cube 802 and lens 202 is juxtaposed with UV
curable adhesive 232. Lens structure 202 is spaced from the
image sensor 201 by a distance such that images at “infinity”
are focused on the desired image regions 702 and 703. The
UV curable adhesive 232 is exposed to UV light and cured,
locking lens structure 202 into position and permanently
attaching lens structure 202 to enclosure 802. The total
distance between the back surface of the lens structure 202
and the top of the image sensor 201 die is 6.7 mm in the
illustrated example. This distance is significantly longer than
the effective focal length of 4.4 mm because the entire
optical path between the back of the lens 202 and the front
of the image array 201 is through a material with a higher
index of refraction than air. Ideally the process of aligning
the lens to the image sensor and curing the UV adhcesive to
hold it in place is accomplished while actively focusing the
lens to accommodate variations in the manufacture of the
lens and other image sensor assembly components. This
process is accomplished by powering the image sensor
during assembly and acquiring images of a far field scene
from the image sensor into a host computer. The UV curable
adhesive is dispensed onto the surface of the sensor and the
lens is positioned on the UV curable adhesive using a
multi-axis robot or positioner. The position of the lens is
adjusted by the robot until the images acquired by the sensor
appear in focus. At this point, the UV curable adhesive is
exposed to UV light, cementing the lens into place.
Micropositioning equipment suitable for this purpose is
available from Physik Instremente GmbH and Company of
Germany.

UV curable adhesive 232 serves to fill the space between
the lens 202 and enclosure 802, and thus fills in any ripples
or other non-planar surfaces of enclosure 802 thereby pre-
cluding the creation of air gaps between the lens 202 and the
enclosure 802. To accomplish the desirable optical charac-
teristics described hereinabove, UV curable adhesive 232
should have approximately the same index of refraction as
enclosure 802. This structure has the distinct advantage of
minimizing the number of optical surfaces wherein a sig-
nificant mismatch of indices of refraction between two

Mercedes EX1010, Part 1 of 3
U.S. Patent No. 9,955,551



US 6,587,573 B1

17

different mediums can occur, thus increasing the optical
efficiency of the imaging system and reducing stray light. A
suitable optically clear UV cured adhesive is Norland Opti-
cal Adhesive 68 manufactured by Norland Products, Inc., of
New Brunswick, N.J. Other materials suitable for making
the image sensor assembly 801 are available from Dymax.

The block 802 is completed by attaching the aperture stop
203 to lens 202. If the aperturc stop is a member, it may be
attached to the outer surface of the lens using an adhesive,
one or more mechanical fasteners, or the like. If the aperture
stop is paint, it may be applied directly to the surface of the
lens element 202 after the lenses 208 and 209 are covered
with a removable mask, such as tape. After the paint dries,
the mask can be removed. The optical assembly 801 is then
mounted to a support 220. In particular, the image sensor
array 201 is physically mounted on a base substrate 221 by
conventional means, and electrically connected to circuitry
(not shown in FIG. 2b) by clectrical connectors such as wire
bonds, solder, one or more connectors, or the like. The base
substrate 221 may for example be a printed circuit board.

The support 220 may be constructed of the same material
as the far field baffle 204, or it may be constructed of a
different material. The base substrate 221 may be omitted if
the far field ballle and the image sensor are mounted directly
to either the support 220 or the housing (not shown) that
carries the optical sensor assembly. For example, the support
220 may be a printed circuit board to which the image sensor
201 and the far field baftle are connected. Regardless of
whether the base substrate is provided, the far field baffle is
mounted to the support 220 or the housing (not shown) using
an adhesive, a snap connector, a mechanical fastener, or the
like.

An image sensor assembly 901 according to an alternate
embodiment is illustrated in FIG. 9. In this embodiment, the
image sensor 201 is packaged using more conventional
electronic packaging, such as a ceramic package with a glass
lid or a clear plastic package, which may for example be a
quad flat pack or a dual-in-line (DIP) package. The packaged
image sensor 901 is mounted, by suitable conventional
means such as by soldering, to printed circuit board 902. An
vltraviolet (UV) curable adhesive 905 is then dispensed onto
the packaged image scnsor 901. The adhesive uscd can be
the same adhesive described above with respect to adhesive
232. The thickness of the UV curable adhesive is dependent
on the packaged image sensor 901 type. If the required
thickness is too great, layers of the UV curable adhesive can
be built up or another material, such as an epoxy layer, can
be sandwiched between the UV curable adhesives to
decrease the thickness of the adhesive layer 90S5. The epoxy
may be the same material described above with respect to
the enclosure 230, 802. The lens structure 202 is juxtaposed
with the UV curable adhesive 905 and [ocused in the manner
previously described. Finally, the aperture stop 203 is
attached to the lens structure 202 using an adhesive (not
shown), mechanical fastener or the like.

In addition to the means described herein above, the lens
structure 202 may be supported relative to the image sensor
by other means, such as a mechanical support. Such a
structure is disclosed in U.S. Pat. No. 6,130,421, entitled
IMAGING SYSTEM FOR VEHICLE HEADLAMP
CONTROL, filed on Jun. 9, 1998, the disclosure of which is
incorporated herein by reference thereto. The same may also
be used to position and maintain the relative relationship
between the components of the optical assembly including
the aperture stop and the far field baffle. A mechanical
fastening arrangement is disclosed below with respect to
FIG. 24.
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Mirror Mounted Image Sensor Assembly

As mentioned above, the headlamp dimmer can be advan-
tageously integrated into a rearview mirror 1000 as illus-
trated in FIG. 10, wherein the light sensor assembly 201 is
integrated into an automatic dimming electrochromic (EC)
mirror subassembly 1001, or other variable reflectance mir-
ror assembly. This location provides an unobstructed for-
ward view through a region of the windshicld of the vehicle
that is typically cleaned by the vehicle’s windshield wipers
(not shown). Additionally, mounting the image sensor in the
mirror assembly permits sharing of circuitry such as the
power supply, microcontroller and light sensors. More
specifically, the same ambient light sensor may be used to
provide an ambient light measurement for both the auto-
dimming mirror function and the headlamp control function.

Referring to FIG. 10, light sensor assembly 801 is
mounted within a rearview mirror mount 1003, which is
mounted to the vehicle windshield 1002. The rearview
mirror mount 1003 provides an opaque enclosure for the
image sensor. The infrared filter 206 can be mounted over a
hole 1007 in the rearview mirror mount 1003, as is shown.
Alternatively, the far field baffle 214 can be used with the
infrared filter 206 mounted therein. If the far field baffle 214
is used, it is mounted to the circuit board 1008 with the
image sensor assembly 202. Regardless of whether the far
field baffle is used, the circuit board 1008 is mounted to
rearview mirror mount 1003 using mounting brackets 1020
and 1021. The mounting brackets may be implemented
using any suitable construction, such as metal brackets,
plastic brackets which can be formed either integrally with
the housing 1003 or as separate components, mechanical
fasteners which engage the circuit board 1008, or the like.
The separate brackets can be attached using an adhesive,
metal fasteners or other mechanical fastening means. Image
sensor assembly 201 is thus attached to, and held stationary
by, the rearview mirror mount 1003 which is securely
attached to the vehicle windshield or roof by conventional
means.

A connector 1005 is connected to circuit board 1008 using
a suitable commercially available circuit board connector
(not shown), which in turn is connceted to the image sensor
201 through circuit board 1008. The connector 1005 is
connected to a main circuit 1015 through a cable 1006. The
main circuit board is mounted within rearview mirror hous-
ing 1004 by conventional means. Power and a communica-
tion link with the vehicle electrical system, including the
headlamps 111 (FIG. 1), are provided via a vehicle wiring
harness 1017 (FIG. 10).

The Electrical System

The image sensor 201 electrically connected to the main
circuit board 1015 and mounted in the vehicle rearview
mirror housing 1004 (FIG. 10) is represented in FIG. 11. The
microcontroller 1105 receives image signals from the image
sensor 201, processes the images, and generates output
signals. Although described with reference to a circuit board
mounted in a rearview mirror housing, the circuit board 1105
can be mounted in a vehicle accessory, such as a sun visor,
overhead console, center console, dashboard, prismatic rear-
view mirror, A-pillar, or at any other suitable location in the
vehicle. Should the controlled vehicle (100 in FIG. 1)
include an electrochromic mirror, the circuitry for the elec-
trochromic mirror preferably shares the circuit board 1015
(FIG. 10) with microprocessor 1105. Thus, the main circuit
board 1015 is mounted within the mirror housing 1004. The
EC circuitry further includes ambient light sensor 1107 and
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glare light sensor 1109, which may advantageously be
digital photodiode light sensors as described in U.S. patent
application Ser. No. 09/307,191 entitled PHOTODIODE
LIGHT SENSOR, filed Jan. 25, 2000, and U.S. patent
application Ser. No. 09/491,192 entitled VEHICLE EQUIP-
MENT CONTROL WITH SEMICONDUCTOR LIGHT
SENSORS, filed May 7, 1999, the disclosures of which are
incorporated herein by reference. Microcontroller 1105 uses
inputs from ambient light sensor 1107 and glare lights sensor
1109 to determine the appropriate state for the electrochro-
mic mirror element 1102. The mirror is driven by EC mirror
drive circuitry 1111, which may be a drive circuit described
in U.S. Pat. No. 5,950,012, entitled SERIES DRIVE
CIRCUIT, filed by Robert R. Turnbull et al. on Sep. 16,
1997, and PCT Application No. PCT/US97/16946, entitled
INDIVIDUAL MIRROR CONTROL SYSTEM, filed by
Robert C. Knapp et al. on Sep. 16, 1997; and U.S. patent
application Ser. No. 09/236,969, entitled AUTOMATIC
DIMMING MIRROR USING SEMICONDUCTOR TIGHT
SENSOR WITH INTEGRAL CHARGE COLLECTION,
filed May 7, 1999, by Jon H. Bechtel et al., the disclosures
of which are incorporated herein by reference thereto. Other
driver circuits are known that can be used to drive the EC
element 1102. The EC mirror drive circuit 1111 provides
current o the EC element 1102 through signal output 1127.

The mirror may communicate with a light control module
over a serial link therebetween in a manner similar to that
disclosed in commonly-assigned U.S. patent application Ser.
No. 09/368,325, entitled “VEHICLE COMMUNICAITON
SYSTEM,” filed on Aug. 3, 1999, by Robert C. Knapp et al.,
the entire disclosure of which is incorporated herein by
reference.

The microcontroller 1105 can take advantage of the
availability of signals (such as vehicle speed) communicated
over the vehicle’s electrical bus in making decisions regard-
ing the operation of the headlamps 111, which are repre-
sented by high beams 1131 and low beams 1132 in FIG. 11,
and the electrochromic mirror 1102. In particular, speed
input 1117 provides vehicle speed information to the micro-
controller 1105, from which vehicle speed criteria can be
used for determining the control state for the headlamps 111.
The reverse signal 1119 informs microcontroller 1105 that
the vcehicle is in reverse, responsive to which the microcon-
troller 1105 clears the electrochromic mirror element 1102
regardless of the signals output from the light sensors 1107,
1109. Auto ON/OFF switch input 1121 is connected to a
switch having two states to dictate to microcontroller 1105
whether the vehicle headlamps 1131, 1132 should be auto-
matically or manually controlled. The auto ON/OFF switch
(not shown) connected to the ON/OFF switch input 1121
may be incorporated with the headlamp switches that are
traditionally mounted on the vehicle dashboard or incorpo-
rated into steering wheel column levers. Manual dimmer
switch input 1123 is connected to a manually actuated
switch (not shown) provides a manual override signal for the
high beam state. Should the current controlled state of the
high beams be ON, the microcontroller will respond to
actuation signal manual override signal control input 1123 to
turn the high beams OFF temporarily until the driver
restores operation or, optionally, until a predetermined time
has elapsed. Alternatively, should the high beams be OFF,
the microcontroller 1105 will respond to an actuation signal
on input 1123 to turn the high beams ON. The manual high
beam control switch can be implemented using a lever
switch located on the steering column of controlled vehicle
100 (FIG. 1).

The circuit board 1101 has several outputs. The control
signal on electrochromic output 1127 provides current to the
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electrochromic element 1102. Additional outputs (not
shown) may optionally be provided to control exterior
electrochromic rearview mirrors (not shown) if such addi-
tional mirrors are provided. The microcontroller 1105 com-
municates the current state of the low beam headlamps 1131
and the high beam headlamps 1132 to the headlamp drive
1104 via headlamp control output 1127. The microcontroller
1105 generates control signals communicated over conduc-
tor 1113 (FIG. 11) to an optional visual indicator 1115 which
displays the current state of the high beam headlamps to the
driver of controlled vehicle 100. The high beam indicator is
traditionally located in or near the vehicle’s instrument
cluster on the vehicle dashboard. As described further below,
a separate indicator may be provided to indicate whether the
automatic headlamp control is active. A compass sensor
1135 may be connected to the circuit board 1015 via a
bi-directional data bus 1137. The compass can be imple-
mented using a commercially available compass of the type
generating digital or analog signals indicative of the vehi-
cle’s heading, such as those described in U.S. Pat. No.
5,239,264 entitled ZERO-OFFSET MAGNETOMETER
HAVING COIL AND CORE SENSOR CONTROLLING
PERIOD OF AN OSCILLATOR CIRCUIT; U.S. Pat. No.
4,851,775 cntitled DIGITAL COMPASS AND MAGNE-
TOMETER HAVING A SENSOR COIL WOUND ON A
HIGH PERMEABILITY ISOTROPIC CORE; U.S. Pat. No.
5,878,370 entitled VEHICLE COMPASS SYSTEM WITH
VARIABLE RESOLUTION; U.S. Pat. No. 5,761,094,
entitled VEHICLE COMPASS SYSTEM; U.S. Pat. No.
5,664,335, entitled VEIIICLE COMPASS CIRCUIT; U.S.
Pat. No. 4,953,305 entitled VEHICLE COMPASS WITH
AUTOMATIC CONTINUOUS CALIBRATION; U.S. Pat.
No. 4,677,381 cntitled FLUX-GATE SENSOR ELECTRI-
CAL DRIVE METHOD AND CIRCUIT; U.S. Pat. No.
4,546,551 entitled ETL. ECTRICAT. CONTROI. SYSTEM;
U.S. Pat. No. 4,425,717 entitled VEHICLE MAGNETIC
SENSOR; and U.S. Pat. No. 4,424,631 entitled ELECTRI-
CAL COMPASS, the disclosures of all of these patents are
hereby incorporated herein by reference. A fog lamp control
1141 can be connected to receive via fog light control output
1142 control signals generated by microcontroller 1105. Fog
lamp control 1141 controls front fog lamps 1143 and rear fog
light 1145 to turn ON and OFF.

Some or all of the inputs 1117, 1119, 1121, 1123, and
1135, and outputs 1127, 1113, 1127, and 1142, as well as any
other possible inputs or outputs, such as a steering wheel
input, can optionally be provided through a vehicle com-
munications bus 1125 shown in FIG. 11. Vehicle bus 1125
may be implemented using any suitable standard commu-
nication bus, such as a Controller Area Network (CAN) bus.
If vehicle bus 1125 is used, microcontroller 1105 may
include a bus controller or the control interface may be
provided by additional components on the main control
board 1015.

FIG. 12 illustrates a headlamp drive 1104 including a
drive circuit 1203 for low beam headlamps 1131 and a drive
circuit 1201 for high beam headlamps 1132. Bus 1127
includes respective wires 1206 and 1207 carrying pulse
width modulated (PWM) signals generated by microcon-
troller 1105 for driving low beam headlamps 1131 and high
beam headlamps 1132. Alternatively, headlamp drive 1104
may contain a DC power supply to vary the voltage supplied
to the lamps 1131, 1132, and thus their brightness, in
response to control signals on output 1127. Yet another
alternative envisioned is to vary the aim of the high beam
headlamps 1131 as is described hereinbelow and as taught in
U.S. Pat. No. 6,049,171, entitled CONTINUOUSLY VARI-
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ABLE HEADLAMP CONTROL, filed by Joseph Stam et al.
on Sep. 18, 1998, the disclosure of which is incorporated
herein by reference.

Headlamp drive 1104 provides power to the high beam
1131 and low beam 1132 headlamps. In the simplest case,
the headlamp drive contains relays engaged in response to
signal 1127 to turn ON or OFF the headlamps. In a more
preferred embodiment, high beam headlamps 1131 and 1132
fade ON or OFF under the control of headlamp drive 1104
which generates a variable control signal. Such a control
system is described in copending U.S. Pat. No. 6,049,171
incorporated herein above by reference thereto. In general,
the patent teaches variable emission control of the head-
lamps can be provided by energizing the headlamps using a
pulse width modulation (PWM) supply, wherein the duty
cycle of the drive varied between 0% and 100% to effect a
continuously variable brightness from the headlamps 1131,
1132.

The microcontroller 1105 analyzes images acquired by
the image sensor assembly 201 responsive to which it
detects oncoming or preceding vehicles in the forward ficld
of view. The microcontroller 1105 uses this information in
conjunction with the various other inputs thereto to deter-
mine the current control state for the headlamps 1131, 1132.
The current control state of the headlamps refers to the
brightness of the high beams and the low beams. In a
variable control system, this brightness is varied by chang-
ing the duty cycle of the beams or the DC voltage applied to
the lamps as described above. In a non-variable system, the
control state refers to whether the high beams and low beams
are ON or OFF. A more detailed schematic showing the
connections to the microcontroller 1105 is shown in FIG. 13.
The microcontroller 1105 can be implemented using a
microcontroller, a microprocessor, a digital signal processor,
a programmable logic unit, a discrete circuitry, or combi-
nation thereof. Additionally, the microcontroller may be
implemented using more than one microprocessor.

Operation

The combined effect of the lens structure 202 and the far
field baffle 204 will first be described with respect to FIGS.
2a and 7. As mentioned above, in one embodiment, the
image array 301 contains 64 columns and 80 rows of 30 um
pixels. The forward scene imaged through the red lens 209
is located on one region 703 of the image array 301. The
forward scene imaged through the other lens element 208 is
located on region 702 of the image array 301. In the
embodiment illustrated, each of these regions is a 60 wide by
20 high pixel subwindow of the image array. The centers of
the two regions 702 and 703 are separated 1.2 mm in the Y
direction, the same spacing as the center axis of lens 208 and
209. Fourteen pixel rows 704 define a band that lies between
the two regions 702, 703 and serves as a border, or buffer,
separating these two regions.

The image sensor assembly 250 provides several advan-
tages. Because the block will be solid, it eliminates any
surfaces between the image sensor 201 die and the lens
structure 202. By eliminating these surfaces, stray light is
reduced. Second, the preferred embodiment allows for the
active alignment of the lens, which allows [or compensation
of wvarious manufacturing variances, as is described in
greater detail herein above. Finally, the assembly is
inexpensive, eliminating the need for costly ceramic pack-
aging. Some or all of the above-mentioned advantages can
be realized through variations on this structure. For example,
the enclosure 230, UV curable adhesive 232 and possibly the
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stress relieving gel 805 (FIG. 8) can be replaced with a UV
cured epoxy adhesive.

In operation, an image is exposed onto the image array
301 (FIG. 3) for an exposure period, which may also be
referred to herein as an integration period. At the end of the
exposure period, an output signal is stored for each of the
pixels, and preferably is stored in the pixels as is the case
with the photogate pixcl architecture described in U.S. Pat.
No. 5,471,515 previously incorporated herein by reference.
The output signal from each of the pixels is representative of
the illumination sensed by each pixel. This output signal is
transferred to the column output circuitry 302 one row at a
time. The column output circuitry includes capacitors stor-
ing the respective pixel output signals for each pixel in the
row. Nexl, the pixel outpul signals are successively ampli-
fied by an analog amplifier 303. The amplifier gain is
advantageously adjustable, and may for example be con-
trolled to selectively increase the amplitude of the amplifier
input signal by 1 (unity gain) to 15 times, in integer
increments. Adjustment of the gain of the amplifier permits
adjustment of the system sensitivity. The amplified analog
signals output from amplifier 303 are sampled by a flash
analog-to-digital converter (ADC) 404. The flash ADC 404
converts each of the amplified analog signals, which corre-
spond to respective pixels, into eight-bit digital gray scale
values. Various bias voltages for the sensor are generated by
digital-to-analog converter (DAC) 105. Two of the voltages
generated by the bias generators are the ADC high and low
reference values, which determine the analog voltages that
will correspond to digital values of 255 and O, respectively,
thus setting the range of the ADC.

Serial timing and control circuitry 309 dictates the timing
scquence of the sensor operation, and is described in dctail
in co-pending U.S. Pat. No. 5,990,469, entitled CONTROL
CIRCUIT FOR IMAGE ARRAY SENSORS, issued to Jon
H. Bechtel et al on Nov. 23, 1999, the disclosure of which
is incorporated herein by reference.

The image sensor control process will now be described
beginning with reference to I'lG. 14. The control process
may include control of an electrochromic (EC) mirror.
However, because processes for controlling an EC mirror
arc well known, such proccesses arc not completely deseribed
herein. Electrochromic devices are generally known, and
examples of electrochromic devices and associated circuitry,
some of which are commercially available, are disclosed in
Byker U.S. Pat. No. 4,902,108; Bechtel et al. Canadian-Pat.
No. 1,300,945; Bechtel U.S. Pat. No. 5,204,778; Byker U.S.
Pat. No. 5,280,380; Byker U.S. Pat. No. 5,336,448; Bauer et
al. U.S. Pat. No. 5,434,407, Tonar U.S. Pat. No. 5,448,397,
Knapp U.S. Pat. No. 5,504,478; Tonar et al. U.S. Pat. No.
5,679,283, Tonar et al. U.S. Pat. No. 5,682,267; Tonar et al.
U.S. Pat. No. 5,689,370; Tonar ¢t al. U.S. Pal. No. 5,888,
431; Bechtel et al. U.S. Pat. Nos. 5.451,822; 5,956,012; PCT
application Serial No. PCT/US97/16946; and U.S. patent
application Ser. No. 09/236,969, the disclosures of which are
incorporated herein by reference thereto.

The forward ambient light sensor 1107 and rear glare
sensor 1109 measure the forward and rear light levels, as
indicated in step 1401 (FIG. 14). The forward ambient
measurement is used to control both the low beam and high
beam headlamps 1131, 1132 and the electrochromic mirror
1102. Additionally, the forward ambient measurement may
be used to control the brightness of the daytime running
lights and the brightness of the tail lights. The rear glare
measurement is used for the control of the electrochromic
mirror 1102 reflectivity. The forward ambient light level
measurement is averaged with prior measurements to com-
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pute a forward time averaged ambient light level. This
average light level is computed as the average of measure-
ments taken over a 25-30 second interval. Responsive
thereto, the microcontroller 1105 computes the control state
for electrochromic element 1105 as a function of the light
level measured by sensors 1107 and 1109 in step 1202.
Where the microcontroller 1115 is a microcontroller selected
from the Motorola MCS912, the electrochromic element
drive state can be set by programming a pulse width modu-
lated (PWM) duty cycle corresponding to the desired reflec-
tance level of the electrochromic element into a pulse width
modulated peripheral to the Motorola MCS912 family
microcontroller. This PWM output is then fed to a series
drive circuit in a manner similar to that disclosed in U.S. Pat.
No. 5,956,012, entitled SERTES DRIVE CIRCUIT, filed by
Robert R. Turnbull et al. on Sep. 16, 1997. If the headlamps
1131, 1132 are not in auto mode as determined in step 1403,
which is manually set responsive to the signal 1121, the
microcontroller 1105 returns to step 1401, such that the
microcontroller will continue to control the variable reflec-
tance of the electrochromic element 1102. Decision 1403
provides the user with a manual override if the high beams
are ON. Additionally, the high beam automatic control will
be skipped in step 1403 (the decision will be NO) if the high
beams are not ON.

If it is determined in step 1403 that the automatic mode is
active, the microcontroller 1105 uses the average ambient
light level measured in step 1401 to determine whether the
ambient light level is below a low beam minimum threshold
in step 1404. The threshold may for example be 1-3 lux, and
in one implementation was 2 lux. If the ambient light level
is above the threshold, indicating that high beam headlamps
would not provide significant advantage, high beam control
will not be used, and the microcontroller 1105 returns to step
1401. If the ambient light level is below the low beam
minimum, for example below approximately 2 lux, the use
of high beam headlamps may be desired. In this case, the
microcontroller 1105 will operate to control the headlamps
1131, 1132. In addition to the average ambient light level
discussed above, it is also advantageous to consider the
instantaneous ambient light level. Should the instantaneous
ambient light level suddenly drop to a very low value, for
example less than 0.5 lux, automatic high beam operation
may begin immediately rather than waiting for the average
ambient light level to reach the threshold for operation of the
high beams. This situation may occur when a vehicle sitting
under a well lit intersection suddenly crosses the intersection
into a dark street where high beam operation is desired
immediately. The microcontroller 1105 analyzes images of
the forward scene acquired by image sensor 201 to detect the
presence of oncoming or preceding vehicles as indicated in
step 1405. Based upon the results of step 1405, the micro-
controller scts the control state of the hcadlamps in step
1406. Setting the control state requires setting a duty cycle
for the pulse drive in the preferred embodiment. The
Motorola MCS912 family microcontroller includes timer/
counter peripherals which can be used to generate pulse
width modulated signals 1206 and 1207. In some vehicles,
the low beam headlamps will always be ON regardless of the
state of the high beams. In such a vehicle, only the duty cycle
of the high beams will be varied. Other vehicles will have
the low beams OFF when the high beams are ON, in which
case the duty cycle of the low beams will be reduced as the
high beam duty cycle is increased. Control of the vehicle
headlights using a PWM signal is disclosed in U.S. Pat. No.
6,049,171, entitled CONTINUOUSLY VARIABLE HEAD-
LAMP CONTROL, filed by Joseph Stam et al. on Sep. 18,
1998, the disclosure of which is incorporated herein by
reference.
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Step 1405, which is the process of acquiring images in the
forward field of the vehicle and analyzing such images, is
described in greater detail with reference to FIG. 15. A first
pair of images are acquired in step 1501 through both the red
lens 209 and the cyan lens 208, corresponding to the two
fields 702 and 703 shown in FIG. 7. The field of view of the
resulting images is approximately 25° horizontally and 15°
vertically using the 64 by 26 pixels, the lens optics, and the
far field baffle described above. These images are taken at a
low sensitivity. Sensitivity of the image sensor 201 may for
example be dictated by the frame exposure time, the analog
amplifier gain, and the DAC high and low references. The
image sensor should be just sensitive enough to image
oncoming headlamps at the maximum distance for which the
controlled vehicle’s headlamps should be dimmed. These
images will be sufficient to detect oncoming headlamps at
any distance of interest and nearby tail lamps without being
washed out by bright headlamps or other noise light sources.
In this mode, the sensor should not be sensitive enough to
detect reflections off signs or reflectors except in rare cases
where the reflecting object is very near to the controlled
vehicle. During dark ambient light conditions, this sensitiv-
ity will be low enough to detect only lighted objects.

The sensitivity ol the image sensor when acquiring the
images in step 1501 may also be varied according to whether
the high beams are currently ON. When controlling high
beams manually, a driver will typically wait until an oncom-
ing vehicle 105 (FIG. 1) or a preceding vehicle 110 is almost
close enough for the controlled vehicle’s high beams to be
annoying before dimming the headlamps 111. Ilowever, if
the high beams are OFF, most drivers will not activate their
high beam headlamps even if an oncoming vehicle 105 is at
a great distancc. This is in anticipation that the oncoming
vehicle 105 will soon come within a distance where the
controlled vehicle’s high beam headlamps will annoy the
oncoming driver, such that the driver of the controlled
vehicle 100 will have to turn the high beams OFF shortly
after they were activated. To partially mimic this behavior,
a higher sensitivity image is acquired if the high beams are
OFF, enabling detection of vehicles at a greater distance,
than if the high beams are ON. For example, the image
sensor when the high beams are OFF can have 50% greater
sensitivity than when the high beams are ON.

The images are analyzed in step 1502 (FIG. 15) to locate
any light sources captured in the images. In step 1503, the
properties of the light sources detected are analyzed to
determine if they are from oncoming vehicles, preceding
vehicles, or other objects. If a light source from a preceding
vehicle 110 is bright enough to indicate that the high beams
should be dim, the control process proceeds to step 1510 and
the high beam state is set.

If no vehicles are detected in step 1503, a second pair of
images is taken through lens 208, 209 at a greater sensitivity.
First, a determination of the state of the high beams is made
in step 1505. This determination is made because the sen-
sitivity of the second pair of images may be five to ten times
the sensitivity of the first pair. With a higher sensitivity
image, more nuisance light sources are likely to be imaged
by the image sensor 201. These nuisances are typically
caused by reflections off road signs or road reflectors, which
become much more pronounced with the high beams ON.
‘When the high beams are ON, it is advantageous to limit the
forward field of view to the area directly in front of the
controlled vehicle such that it is unlikely that reflectors or
reflective signs will be in the field of view. An ideal
narrowed field of view is about 13° horizontally, which is
achieved by a reduction of the width of regions 702 and 703
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(FIG. 7) to about 35 pixels. If the high beams are OFF, an
image with the same field of view as the low sensitivity
images acquired in step 1501 can be used since the reflec-
tions of low beam headlamps off of signs and reflectors are
much less bright than those when high beams are used. Thus,
the decision step 15083 is used to select either a narrow field
of view image in step 1506 or a wide field of view in step
1507. For either field of view, a pair of images will be taken.
As described above with respect to the acquisition of low
sensitivity images in step 1501, the sensitivity of the high
sensitivity images may also be varied according to the state
of the high beam headlamps to provide additional control in
avoiding nuisance light sources.

As with the low sensitivity images, the high sensitivity
images are analyzed o detect light sources in step 1508. A
determination is made if any of these light sources represent
a vehicle close enough to the controlled vehicle to require
dimming of the high beam headlamps.

Additional images, with greater sensitivity and/or differ-
ent fields of view, may be acquired in addition to those
mentioned above. Additional images may be necessary
depending on the dynamic range of the image sensor. For
example, it may be necessary to acquire a very high sensi-
tivity image with a very narrow [ield of view to detect a
preceding car’s tail lamps at a great distance. Alternatively,
should the image sensor have sufficient dynamic range, only
one pair of images at one sensitivity may be needed. It is
advantageous to use three sets of images, a low sensitivity
set, a medium sensitivity set, and a high sensitivity set. The
medium sensitivity set has about 5 times the sensitivity of
the low gain and the high gain has about 20 times the
sensitivity of the low gain. The low gain image set is
primarily utilized for dctection of hcadlamps whilc the
medium and high gain images are primarily utilized for
detection of tail lTamps.

Depending on the quantum efficiency of the image sensor
at different wavelengths of light, and the filter characteristics
of the filters used for the lens elements 208 and 209, it may
be advantageous to use a different sensitivity for the two
regions 702 and 703. The timing and control circuitry 309
described in the U.S. Pat. No. 5,990,469 can be enhanced to
provide the capability to acquirce two different windows of
pixels simultaneously and use different analog gains for each
window. This is accomplished by adding a register which
contains the gain values for the analog amplifier used during
acquisition of each subwindow. In this way, the relative
sensitivity of the two regions can be automatically balanced
to provide a similar output when a white light source is
imaged through both lens elements. This may be of particu-
lar advantage if the image for region 703 is acquired without
filtering the light rays, for example by using a clear lens
instead of a cyan [ilter [or rays passing through lens element
208. For this lens set, the pixels in region 702 will receive
approximately 3 times as much light when imaging a white
light source as those pixels in region 703 which receive light
that has passed through a red filter. The analog gain can be
set 3 times as high for pixels in red filtered region 703 to
balance the output between the two regions.

The analysis of images to detect light sources indicated in
steps 1502 and 1508 is described with reference to FIG. 16.
Analysis begins with the image in region 703 acquired
through the red lens. It is advantageous to begin with the red
filtered image because several nuisance light sources do not
admit a significant amount of red light. These nuisance light
sources include mercury vapor streetlights, green traffic
lights, and reflections off green and blue highway signs.
Therefore, a number of potential nuisance light sources are
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eliminated from consideration. Pixel locations are referred
to by X and Y coordinates with the 0,0 pixel location
corresponding to a top left pixel. Beginning with the 0,0
pixel 1401 and raster scanning through the image, each pixel
is compared to a minimum threshold in step 1602. The
minimum pixel threshold dictates the faintest objects in the
image that may be of interest. If the current pixel is below
the pixel threshold and it is not the last pixel in the red image
window, as determined in step 1603, analysis proceeds to the
next pixel as indicated in step 1604. The next pixel location
is determined by raster scanning through the image by first
incrementing the X coordinate and examining pixels to the
right until the last pixel in the row is reached, and then
proceeding to the first pixel in the next row.

If it is determined that the current pixel value is greater
than the minimum threshold, a seed fill analysis algorithm is
entered in which step the size, brightness and other param-
eters of the identified light source are determined as indi-
cated in step 1605. The seed fill algorithm is used to identify
the pixels of the image sensor associated with a common
light source, and thus identify associated pixels meeting a
pixel criteria. This can be accomplished by identifying
contiguous pixels exceeding their respective threshold lev-
¢ls. Upon completion of the seed (ill algorithm, the proper-
ties of the light source are added to the light source list in
step 1606 for later analysis (steps 1503 and 1509 in FIG. 15)
to determine if certain conditions are met, which conditions
are used to identity whether the light source represents an
oncoming or preceding vehicle. A counter of the number of
sources in the list is then incremented as indicated in step
1607. The microcontroller then goes to step 1603.

If it is determined in step 1603 that the last pixel in the red
image has been examined, the microcontroller 1105 deter-
mines whether any light sources were detected, as indicated
in step 1608. If no light source is detected, the analysis of the
image terminates as indicated at step 1609. If one or more
light sources are detected through the red lens 209, the cyan
or clear image window 702 is analyzed to determine the
brightness of those light sources as imaged through the other
lens 208, in order to determine the relative color of the light
sources. In this situation, the “brightness” of the sources
refers to the sum of the gray scale valucs of all the pixcls
imaging the source; a value computed by the seed fill
algorithm. The first source on the list is analyzed in step
1610. A seed fill algorithm is executed in step 1611, with the
cyan image starting with the pixel having the same coordi-
nates (relative to the upper left of the window) as the center
of the light source detected in the red image. In this manner,
only those pixels identified with a light source viewed
through the lens associated with the red filter will be
analyzed as viewed through the other filter, which is
advantageous, as many nuisance light sources which would
otherwise be analyzed when viewed through a clear or cyan
filter will be removed by the red filter. By only considering
light sources identified through the red filter, the amount of
memory required to store information associated with light
sources viewed through the other filter will be reduced. The
ratio of the brightness of the source in the red image 703 to
the brightness of the source in the other image 702 is stored
in the light list, as indicated in step 1612, along with the
other parameters computed in step 1605 for the current light
source. This procedure continues for other sources in the
light list 1613 until the red to cyan ratios are computed for
all sources in the list 1615, at which point the analysis
terminates at step 1614.

As a further measure to reduce the required memory, the
pixel data may be processed as it is received without storing
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the entire image in memory. Such a processing algorithm is
disclosed in commonly assigned U.S. patent application Ser.
No. 09/799,310, entitled IMAGE PROCESSING SYSTEM
TO CONTROL VEHICLE HEADIL.AMPS OR OTHER
VEHICLE EQUIPMENT, filed on Mar. 5, 2001, by Joseph
S. Stam.

It will be recognized that where it is desirable to count the
number of light sources to determine the type of driving
environment, and in particular to identify city streets or
country roads, it may be desirable to count all of the light
sources viewed through the cyan or clear filter. In this way,
nuisance light sources can be counted. Alternatively, the
number of light sources viewed through the red filter can be
counted for purposes of inhibiting turning ON the high
beams il a threshold number of sources are identified.

The seed fill algorithm used in steps 1605 and 1611 is
shown in FIGS. 17a and 17b. The outer section of the seed
fill algorithm is entered with the current pixel value at step
1605. The outer section of the seed fill algorithm is executed
only once at each step 1605, while the inner recursive seed
fill algorithm is entered many times until all contiguous
pixels meeting a pixel criteria are identified. After the entry
step 1701 of the outer section of the seed fill algorithm,
several variables are initiated as indicated in step 1702. The
variables XAVG and YAVG are set to zero. These variables
will be used to compute the average X and Y coordinates of
the pixels imaging a light source, which average coordinates
will together correspond to the center of the light source. 'I'he
TOTALGYV variable is used to sum the gray scale values of
all the pixels imaging the source. This value will define the
brightness of the source. The SIZE variable is used to tally
the total number of pixels imaging the source. The MAX
variable stores the maximum gray scale valuc of any pixcl
imaging the source. A CALLS variable is used to limit the
number of recursive calls to the recursive inner seed fill
function to prevent memory overflow as well as for tracking.

The inner seed fill algorithm is first entered in step 1703.
The start of the inner recursive seed fill function for the first
and subsequent calls to the seed fill function is indicated by
block 1704. The first step in the inner seed fill function is to
increment the CALLS variable as indicated in step 1705.
Next, microcontroller 1105 dcterminces if the CALLS vari-
able is greater than the maximum allowable number of
recursive calls as determined in step 1706. The number of
recursive calls is limited by the amount of memory available
for storing light source information. If it is determined that
the number of recursive calls exceeds the threshold, the
recursive function proceeds to step 1719, wherein the
counter is decremented and then returns to the step from
which the recursive function was called. Should this occur,
a flag is set indicating that the current light source had too
many recursive calls and parameters computed by the seed
fill algorithm will be incorrect. This prevents too many
levels of recursion from occurring, which would overflow
the memory of the microcontroller. It is also possible to
implement the algorithm non-recursively.

If the decision in step 1706 is that the CALL variable is
not greater than the maximum allowable, the microcontrol-
ler 1105 next compares the current pixel with a minimum
gray scale threshold in step 1707 to determine if the pixel is
significantly bright to be included in the light source. The
threshold considered in step 1707 can be constant or vary by
position. If it varies, the variable thresholds may be stored in
a spatial look-up table having respective pixel thresholds
stored for each pixel, or each region of the image sensor.
Where the threshold is variable by position, it is envisioned
that where a pixel at one location exceeds its associated pixel
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threshold, the controller can continue to use that threshold
for adjacent pixels while searching for a contiguous group of
pixels associated with a single light source, or the controller
can continue to use the respective pixel thresholds stored in
the spatial look-up table.

If the condition in step 1707 is not met, this inner
recursive seed fill function terminates by advancing to step
1719. If the pixcl has a high cnough gray scalc valuc as
determined in step 1707, its gray scale value is added to the
global TOTALGYV variable 1708, its X and Y coordinates are
added to the XAVG and YAVG variables 1709 and 1710, and
the size variable is incremented in step 1711. If the gray
scale value of the pixel is greater than any other pixel
encountered in the current seed fill, as determined in step
1712, the MAX value is set to this gray scale value 1713.

Following a no decision in step 1712, the gray scale value
of the pixel is set to 0 to prevent further recursive calls from
including this pixel. If a future recursive call occurs at this
pixel, and the pixel is not zeroed, the pixel will be added the
second time through. By zeroing the pixel, it will not be
added again, as the pixel’s gray scale value is no longer
greater than the minimum threshold. Additionally, this pixel
will be ignored in step 1602 should it be encountered again
while scanning the image during analysis.

The inner recursive seed fill algorithm next proceeds to
recursively call to itself until it has looked to the right, left,
above and below cach pixel until all of the contiguous pixels
exceeding the minimum pixel threshold value in decision
step 1707 are considered. Step 1715 represents returning to
step 1704 for the pixel to the right. The microcontroller will
continue to look at pixels to the right until it reaches a pixel
that does not meet the criteria of decision step 1706 or 1707.
Step 1716 represents returning to step 1704 for the pixel to
the left. Step 1717 represents returning to step 1704 to look
at the pixel above. Step 1718 represents returning to step
1704 to look at the pixel below. The microcontroller will
then look at the pixel to the left of the last pixel that did meet
decision step 1707. The processor will look at pixels adja-
cent each pixel exceeding the threshold of step 1707 should
the neighboring pixels exist (i.e., the immediate pixel is not
an edge pixel). Step 1719 decrements the CALLS variable
each time the step is executed, and the microcontroller will
return to the calling program until the CALLS value reaches
0. Returning to the function that called it may be another
instance of the inner recursive function, or should this be the
initial pixel examined, to the outer recursive algorithm 1721.

An example of how the inner and outer seed fill algo-
rithms operate will now be described with reference to FIG.
17¢. The example is made with respect to an exemplary very
small image sensor having 30 pixels. Pixels 4, 9, 10, 11, 14,
15,16,17,18,21,22,23, and 28 exceed the threshold in step
1707 in this example. Additionally, the number of calls
requircd docs not cxceed the threshold in step 1706. The
image array 301 is impacted by a light source 1751, indi-
cated by contour 1751. The microcontroller will operate as
follows in evaluating the pixels. For pixel 1, the microcon-
troller 1105 will enter the seed fill algorithm at step 1701,
initialize the variables in step 1702, and set the current pixel
in step 1703. The microcontroller will next enter the inner
seed fill function in step 1704. The CALLS variable will be
incremented to 1 in step 1705, which is below the Maximum
Calls threshold. Because there is no light on the pixel, the
minimum threshold is not exceeded and the microcontroller
will go to step 1719, decrement the CALLS variable in step
1720, and because this is the first time through the inner seed
fill program, the microcontroller will continue to steps
1721-1723. The process will be repeated for pixels 2 and 3,
which are both below the minimum pixel threshold used in
step 1707.
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‘When the microcontroller gets to pixel 4, it will enter the
outer seed fill at step 1701, set the variables to zero in step
1702, set the current pixel to pixel 4 in step 1703, and enter
the inner seed fill algorithm. The CALLS variable will be
incremented to 1, as it is the first pixel in this outer seed fill.
The CALLS variable will be less than the Maximum Calls
threshold and the pixel’s gray scale value will exceed the
minimum threshold. Accordingly, the gray value will be
added to TOTALGY, the pixel coordinates will be added to
those that will be considered for XAVG and YAVG, and the
SIZE will be incremented such that the size will be 1. The
gray value for pixel 4 will be the MAX, as it is the only gray
value in this outer seed fill. The gray value will be set to zero
for pixel 4 in step 1714.

The microcontroller will then identify all of the contigu-
ous pixels that exceed the threshold set in step 1707. In
particular, through the inner seed fill routine disclosed in
FIGS. 17a and 17b, the microcontroller will add the pixels
as follows. Pixel 4, added first as it is the first with a gray
scale value greater than the threshold (“the threshold” in this
paragraph referring to the minimum threshold in step 1707).
The program then calls the recursive function for pixel 5 to
the right, which is not added as it is below the threshold (as
used in this paragraph, “added” means the pixel’s coordi-
nates are added to XAVG and YAVG, the pixel’s gray scale
value is added to TOTALGY, SIZL is incremented, and the
pixel’s gray scale value becomes the maximum pixel gray
scale value if it exceeds MAX). Pixel 3 to the left is called
ncxt, and it is not addcd for the samc rcason. There is no
pixel above pixel 4. Accordingly, the recursive function is
next called for pixel 10 in step 1718. Pixel 10 will be added
as its value is greater than the threshold. The microcontroller
1105 will then look to the right of pixel 10, namely at pixel
11, which is greater than the threshold, so it will be added.
The microcontroller will then look to the right of pixel 11,
which is pixel 12. Pixel 12 will not be added as its gray scale
value is below the threshold. Looking to the left of pixel 11,
pixel 10 will not be added as it was zeroed when it was
added previously. Looking above pixel 11, pixel 5 will not
be added. Looking below pixel 11, pixel 17 will be added.
Next, the recursive routine will be called for the pixel to the
right of pixel 17. Pixel 18 will be added. Moving on to the
recursive routine for pixel 18, there is no pixel to the right
of pixel 18. Looking to the left of pixel 18, pixel 17 will not
be added as it was zeroed when it was added. Looking above
pixel 18, pixel 12 will not be added. Looking below pixel 18,
pixel 24 will not be added as it is below the threshold.
Moving back to the previous recursive function that was not
exhausted, the microcontroller 1105 will move back and
look to the left of pixel 17, which is pixel 16. Pixel 16 is
added. Calling the rcecursive function again, the microcon-
troller will look to the right of pixel 16. Pixel 17 will not be
added as it was cleared after it was previously added.
Looking to the left of pixel 16, pixel 15 is added. Calling the
recursive function from pixel 15, the microcontroller will
look to the right at pixel 16. Pixel 16 is not added, as it was
zeroed after it was previously added. Looking to the left,
pixel 14 is added. Calling the recursive function from pixel
14, the microcontroller will look to the right at pixel 15,
which will not be added. Looking to the left of pixel 14,
pixel 13 is not added. Looking above pixel 14, pixel 8 is not
added. Looking below pixel 14, pixel 20 is not added.
Moving back to the function that called the recursive func-
tion for pixel 14, the microcontroller will look above pixel
15 at pixel 9. Pixel 9 is added. Calling the recursive function
for pixel 9, looking to the right, pixel 10 is not added.
Moving to the left, pixel 8 is not added as it is below the
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threshold. Looking above, pixel 3 is not added. Looking
down, pixel 15is not added as it was previously cleared.
Moving back to the function that called the recursive func-
tion for pixel 9 has the microcontroller looking at the pixel
below pixel 15. Pixel 21 is then added. Starting the recursive
function for pixel 21, looking to the right, pixel 22 is added.
Starting the recursive function for pixel 22, pixel 23 is added
as it exceeds the threshold. Starting the recursive function
for pixel 23, pixel 24 is not added as it is below threshold.
Moving to the left, pixel 22 is not added as it was zeroed.
Looking above, pixel 17 is not added as it was zeroed after
it was added. Looking down, pixel 29 is not added as it is
below the threshold. Moving back to the function that called
the recursive function for pixel 23 has the microcontroller
1105 looking to the left of pixel 22. Pixel 21 is not added as
it was cleared. Looking above pixel 22, pixel 16 is not
added. T.ooking below pixel 22, pixel 28 is added.

Performing the recursive function for pixel 28, pixel 29 to
the right is not added, pixel 27 to the left is not added, pixel
22 above is not added, and there is no pixel below pixel 28.
Moving back one function, the recursive function for pixel
22 was completed, so the microcontroller returns to pixel 21.
Looking to the left of pixel 21, pixel 20 is not added. Pixel
15 above pixel 21 is not added and pixel 27 below pixel 21
is not added. The recursive function for pixel 15 was
exhausted, so the microcontroller looks above pixel 16 to
pixel 10 which is not added. Looking below pixel 16, pixel
22 is not added. Moving back one function has the micro-
controller looking above pixel 17 at pixel 11, which is not
added. Looking below pixel 17, pixel 23 is not added, if the
recursive function for pixel 11 was completed, the micro-
controller returns to the last non-exhausted pixel of the
contiguous lighted pixels. The microcontroller looks to the
left of pixel 10, and pixel 9 is not added. The microcontroller
looks above pixel 10, and pixel 4 is not added. Looking
below, pixel 16 is not added. The inner seed fill is complete.

After the last pixel is added, YAVG, XAVG and size are
used to select the center of the light in steps 1722 and 1723.

The seed fill scheme just described is the preferred seed
fill algorithm for analysis of the red image 703. It requires
some modification for the other image 702. This need can be
scen from the following cxample. Where a pair of oncoming
headlights is identified as two separate a lights in the red
image, it is possible that these sources may contain more
light in the cyan half of the spectrum than the red half (as is
the case with High Intensity Discharge headlamps). In this
case, what was detected as two separate light sources in the
red image can bloom into one source in the cyan image.
Thus, there would only be one source in the cyan image to
correspond to two light sources in the red image. After step
1611 is completed for the first source in the red image, the
bloomed cyan image pixels would have been cleared in step
1714, such that they would not be available for the analysis
of the second light source in the red image. Thus, after the
source in the cyan image is determined to correspond to the
first source in the red image, there would be no source on the
cyan image to correspond to the second source in the red
image. To prevent this, it is useful to preserve the image
memory for the cyan image rather than setting the gray scale
value to zero as in step 1714 so that the bloomed source is
detected as corresponding to both of the sources in the red
image.

Since the red image has already been processed, the
memory that stored the red image can be used as a map to
indicate which pixels in the cyan image have already been
processed. All pixels in the red image memory will have
been set to gray scale values less than the minimum thresh-
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old as a result of the processing. The pixels that were
identified as light sources where zeroed whereas the light
sources that were not cleared will have some low gray scale
value. This characteristic can be used to set the pixels in the
red image memory to serve as markers for processing pixels
in the cyan image. In particular, when the seed fill algorithm
is executed for the cyan image, step 1714 is replaced by a
step that sets the value of the pixel in the red image memory
corresponding to the currently analyzed cyan pixel to a
marker value. This marker value could be, for example, 255
minus the index of the current light source in the light list.
The number 255 is the largest value that can be stored for a
gray scale value. In this way, there will be a unique marker
stored in the red image memory for pixels analyzed each
time step 1611 is executed for a light on the list. In addition
to the above change to step 1714, a test must be added after
step 1707 to determine if the value of the pixel stored in the
red image memory corresponding to the currently analyzed
pixelis equal to the marker value for the current light source
index, indicating that this pixel has already been recursively
visited, in which case the microcontroller would go to step
1719.

Steps 1501 and 1502 for the red image in region 703 and
corresponding steps 1506, 1507 and 1508 for the other
image in region 702, have now been explained in detail. In
step 1503 and 1509, the light source list is analyzed to
determine if any of the identified light sources indicate the
presence of an oncoming or proceeding vehicle. FIG. 18 is
a flow diagram of the series of tests applied to the informa-
tion gathered on each light source in the light list during the
previous analysis steps to determine the type of light source.
The tests in FIG. 18 are applied to each source in the list
independently.

First, a check is made to see if the recursive seed fill
analysis of this light source exceeded the maximum number
of subsequent recursive calls allowed as determined in step
1801. If so, the light source is labeled an extremely bright
light in step 1803 since the number of pixels in the source
must be large to cause a large number of subsequent
recursive calls. Next, the TOTALGYV variable is compared to
a very-bright-light-threshold 1802. If TOTALGV exceeds
this threshold, the light is also labeled as extremely bright in
step 1803.

If neither of the conditions 1801 or 1802 are met, the light
source is analyzed to determine if it has a 60 Hz alternating
current (AC) intensity component, indicating that the light
source is powered by an AC source, in step 1804, to
distinguish it from wvehicles which are powered by DC
sources. Many streetlights, such as high-pressure sodium
and mercury vapor lights, can be effectively distinguished
from vehicle headlamps in this way. To detect the AC
component, a series of eight 3x3 pixel images are acquired
at 480 frames per second, for example. The 3x3 pixel
window is centered on the center of the light source being
investigated. The sums of the nine pixels in each of the 8
frames are stored as cight values. These eight values repre-
sent the brightness of the source at % cycle intervals over
two cycles. The magnitude of the 60 Hz Fourier series
componcent of these cight samples can be computed by the
following formula:

AC=(A%+BH?

A=1.0*(F1-FMIN)+(-1.0)*(F3-FMIN)+1.0*(F5-

FMIN)+(-1.0)*(F7-FMIN)

B=1.0*(FO-FMIN)+(-1.0)*(F2-FMIN)+1.0.*(F4-

FMIN)+(-1.0)*(F6-FMIN)

where F1 to F7 refer to the eight summed gray scale

values of each of eight frames and FMIN refers to the
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minimum value of F1 through F7. The value AC is
divided by the mean gray scale value of F1 to F8 to give
the AC component of interest in step 1804. The scheme
is of particular convenience since the sampling rate is
exactly four times the frequency of modulation ana-
lyzed. If this were not the case, the coefficients for each
of F1 through F7 would have to be changed to accom-
modate this. Additionally, if the system were to be used
in countries were the AC power is not at a 60 Hz
frequency, the sampling rate or coefficients would be
adjusted.

While the AC detection scheme is described for only one
window, it is advantageous to perform the above analysis by
imaging the source through both the cyan and red filters, or
the red and clear filters, and then using the maximum
computed AC component from the two sample sets to
determine the AC component for step 1804. This allows for
accurate measurement of sources that have either strong
short or long wavelength components in their spectrum. If
the light source AC component is greater than the minimum
threshold as determined in step 1805, the light source is
determined to be an AC source as indicated in step 1806.
Additional measures may be taken to aid in distinguishing
between such nuisance light sources and headlamps, such as
to provide a lower AC component threshold tfor an upper
area of the sensed image, while providing a higher threshold
for the mid to lower right hand side and an intermediate
threshold for the mid to lower left hand side.

The next step is to distinguish light sources which are
reflections off road signs or other large objects. Road signs
are large compared to the size of the headlamp or tail lamp.
As a result, they tend to be imaged onto many more pixels
than a vehicle lamp, unless the lamp is so bright as to bloom
in the image. Sign reflection sources may have a large
number of pixels, indicated by the SIZE variable, but a lower
average gray scale value than vehicle lamps which have a
much higher intensity. If the SIZE variable exceeds a given
size threshold as determined in step 1807, the average gray
scale value (TOTALGV/SIZE) is compared against an aver-
age pixel level threshold, which is the maximum sign
average gray scale value, in step 1808. If the average gray
scale value is less than this threshold, the light source is
determined to be a reflection off a sign as indicated in step
1809.

An additional check for yellow signs, which typically
occurs in the front of the vehicle when turning through a
curved road, is to measure the color of bright objects and
determine if they are likely yellow. Even when using the low
gain image, the reflection off a nearby sign may saturate
several pixels in both subwindows and make relative color
discrimination difficult. However, the same high-speed
images acquired when performing an AC validation can be
used to accurately determine the relative color even for
bright images. This is accomplished by looking at the
average value of the F1 through F7 frames mentioned
hereinabove through each lens. The ratio of the average of
the F1 to F7 frames viewed through the red lens to the
average of the F1 through F7 frames viewed through the
cyan or clear lens is computed. This ratio will be higher for
yellow signs than for white lights but not as high as for tail
lamps. If this ratio is within a certain range indicating that
it is likely a yellow sign, this object can be ignored or the
threshold for dimming for this object can be decreased,
allowing only extremely bright yellow objects to dim the
high beams. By allowing the system to respond to bright
yellow objects by dimming the high beams, the headlight
dimmer will respond to a light source in the event that a
headlamp is misdiagnosed as a yellow sign.
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Once potential nuisance sources are filtered out, the light
source can be identified as a headlamp or a tail lamp. The red
to cyan ratio computed in step 1612 is used to determine if
the source has sufficient red component to be classified as a
tail lamp in step 1810. If this ratio is lower than a tail lamp
redness threshold, control proceeds to step 1811, where the
threshold for consideration as a hcadlamp is detcrmined.
This threshold can be determined in a number of ways, but
the most convenient method is to use a two dimensional
look-up table if the microcontroller has sufficient read-only
memory (ROM) to accommodate the table, as is the case
with the Motorola MCS912 family of microcontrollers
exemplified herein.

The center of the light source is used as the index into the
look-up table to determine the threshold. The look-up tables
are created to provide different thresholds for different
regions of the field of view. For example, the thresholds for
regions of the field of view directly in front of the vehicle are
lower than those used for regions off to the side. The look-up
table can be optimized [or the particular vehicle’s high beam
emission pattern to determine how annoying the high beams
will be to oncoming and preceding traffic at various angles.
Ideally, the look-up table used when the vehicle’s high
beams are activated is ditferent than when they are not.
When high beams are off, the thresholds to the side of the
vehicle can be lower than they are when high beams are
activated. This will prevent the high beams from coming ON
when there is a vehicle in front of, but off at an angle to, the
controlled vchicle, such as happens when on a curve on an
expressway. Also, different lookup tables are used for high
and low sensitivity images for much of the same reasons. In
fact, the lookup tables may indicate that for certain regions,
or all regions of the field of view in high sensitivity image,
headlamps be ignored completely. A high sensitivity image
is only analyzed if the low sensitivity did not detect oncom-
ing or preceding vehicles, so non-red light sources in a high
sensitivity image are most likely very distant headlamps or
nuisance sources. Therefore, the high sensitivity images may
only be analyzed for red sources.

In step 1812, the TOTALGYV variable, which is the total
pixel level, is compared to the threshold total pixel level for
headlights as determined from the appropriate look-up table.
If this variable is greater than the threshold, the value is
compared to the threshold multiplied by a bright multiplier
in step 1813. If TOTALGYV is greater than this value, the
light source is determined to be a bright headlamp in step
1815. If not the light source is a headlamp as indicated in
step 1814. The need to distinguish between headlamps and
bright headlamps will become clearer in the discussion of
the control state of the headlamps. As an alternative to
comparing TOTALGV to a threshold times a bright
multiplier, yet another look-up table can be provided to
dictate thresholds for bright headlamps.

A procedure similar to that just described is performed in
step 1816 if the light source is determined to be red. A series
of lookup tables are provided for-tail light thresholds and the
appropriate lookup table is used to determine the threshold
for the given light source location. In 1817, the total pixel
level for tail light threshold is compared to the TOTALGV
variable to determine to light sources bright enough to be of
interest. I so, the light source is labeled as a tail light in step
1819. If not, the light source is ignored in step 1820.

Should the cyan lens element 301 be replaced by a clear
lens, a different ratio threshold is used in step 1810. In this
case, a red light will have approximately the same brightness
in both images, but a white or other color light will be
substantially brighter when imaged through the clear lens.
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This ratio is determined based on the analog gain settings for
both the red and cyan (or clear) images.

Once the images of the forward field have been acquired
and analyzed in step 1405, the state of the headlamps must
be determined in step 1406. This is best described by
considering a state machine implemented in the microcon-
troller 1105, which statc machinc is illustrated in FIG. 19. In
the following example it is assumed that headlamp drive 902
is a pulse width modulator drive and the high beam bright-
ness can be varied by changing the duty cycle of the pulse
width modulator drive. It is also assumed that the low beam
headlamps remain on at 100% duty cycle at all times. Each
of the states in FIG. 19 represents a control state of the high
beam headlamps. The duty cycle of the high beam head-
lamps is set to the value indicated by the current control
state. The distribution of the duty cycles amongst the control
states is non-linear to compensate for the fact that headlamp
brightness is a non-linear function of duty cycle and to
provide the appearance of a constant percent change from
cycle o cycle. Also, there are several states [or both 0% and
100% duty cycle, indicating that several states must be
traversed before the headlamps begin to go ON or OFF,
providing a time delay verification insuring that the detected
light source is persistent over several images. '1'he number of
states is exemplary only, and those skilled of the art will
recognize that it may vary depending on the desired fade ON
and OFF rate of the high beams and time between cycles.
Additionally, the bright light indicator (which is typically
located on the vehicle’s dashboard) fades ON as the statc
moves from state 11 to state 14. The bright light indicator
fades OFF as the states move from state 7 to state 4. This
provides some hysteresis to avoid flashing the indicator ON
and OFF. Alternatively, if the indicator does not fade ON and
OFF, the state at which the bright light indicator turns ON
will preferably be a higher state than the state at which the
bright light indicator turns OFF. In either case, hysterisis is
provided for the headlamp control.

After each control cycle, the headlamp control state can
remain the same or move to a different state. The rules for
moving between states are described with reference to FIGS.
20a and 20b. First, if any of the lights in the light list were
determined to have been extremely bright lights in step
2001, the current control state is immediately set to a O state
in step 2002. This behavior allows bypass of the fade out
feature and rapid response to the sudden appearance of
headlamps in the torward field of view, such as happens
when driving over a hill. Step 2003 determines whether a
headlamp or tail lamp was detected in the light source list.
If not, control proceeds to step 2004, wherein it is deter-
mined whether the previous state was decremented in the
last control cycle.

One of the advantages of the variable beam configuration
is the ability to fade in and out high beams. If a reflection
from a sign or reflector is misdiagnosed as a vehicle lamp,
the high beams will begin to dim. When they do, the
reflected source will no longer be present in the image and
the high beams will fade back on, likely without bothering
the driver. To prevent rapid oscillation between increasing
and decreasing headlamp beam brightness, the control state
must rest in the current state for one cycle before changing
direction. Therelore, step 2004 considers the action during
the previous cycle and the system will remain in the current
state as indicated in step 2005 if the previous action was to
decrement states.

If the action during the previous cycle was not to decre-
ment states, vehicle speed is considered next in step 2006. If
a vehicle is stopped at an intersection, it will annoy the

Mercedes EX1010, Part 1 of 3
U.S. Patent No. 9,955,551



US 6,587,573 B1

35

driver if the high beams come ON, dim with a passing car,
and then come ON again. 1o prevent this, the high beams are
prevented from coming ON if a vehicle is traveling below a
certain speed, for example 20-mph. A decrease in speed
below the minimum speed threshold will not necessarily
cause the high beams to dim unless there is an oncoming or
preceding car present. Alternatively, the high beams can be
configured to fade OFF every time the vehicle comes to a
stop and then fade ON again once the vehicle begins
moving, provided no other vehicles are present. In step
2007, the number of lights in the light list (counted in step
1607) is checked as an indication of whether the driver is
driving in city conditions. If there are a large number of
lights in the forward field of view, the high beams will not
be turned ON. The number of the lights that are alternating
current sources may also be considered.

If the criteria of steps 2004, 2006, and 2007 are met, the
current control state is incremented one state in step 2008.
If this action results in the current control state exceeding
state 12 as determined in siep 2009, the current control state
is set to 15 in step 2010 forcing several time verification
states before the beams can be dimmed again.

Should the microcontroller 1105 detect a headlamp or tail
lamp in step 2003, the microcontroller determines whether
a bright headlamp was detected in step 2011. If not, the prior
cycle action is considered in step 2012 to prevent rapid
oscillation between incrementing and decrementing to avoid
rapid ongoing oscillations between states. If the prior action
was not to increment, the current control statc is decrc-
mented by 1 state in step 2014. If the new control state is
below state 3, as determined in step 2015, the current control
state is set to 0 in step 2016.

Finally, if a bright headlamp is detected in step 2011, it is
desirable to more rapidly fade out the high beams by
decrementing 2 states in step 2018, provided the previous
action was not to increment in step 2017, in which case the
current state is decremented only one state.

Alarge number of variations of the scheme just described
are possible. For example, more states can be added to
increase or decrease the time it takes to fade the high beams
in and out. The number of required states will depend upon
the image acquisition and analysis cycle time. Ideally, the
fade in/out period is about one to two seconds. Another
alternative is to decrement states as a function of the
brightest light source detected in the light list rather than to
decrement a single state for every cycle. In this way, the
brightness of the high beam is adjusted as a function of the
distance of an oncoming or preceding vehicle rather than
just fading in and out. This is particularly advantageous
where the control mechanism is to vary the beam angle of
the high beams rather than the intensity of the beams. Yet
another alternative is to decrement states as a function of the
current speed of the controlled vehicle. The rate at which
states are decremented could increase at high vehicle speeds,
since oncoming cars will overtake the controlled vehicle at
a more rapid rate. Yet another alternative is to decrement
states as a vehicle slows down. This would allow the high
beams to fade out as a vehicle comes to a stop: a feature that
may be desirable for some drivers. Finally, it should be noted
that the use of discrete states is only exemplary. The inten-
sity and/or aim of the high beam headlamps can be con-
trolled by continuum of values from fully ON to fully OFF.

The previous discussions described in detail the operation
of one cycle of the headlamp dimmer control sequence. This
sequence is repeated indefinitely as long as the device is on.
Depending on the time to complete one cycle, the above
procedure may be interrupted to acquire rear glare sensor
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measurements for the electrochromic mirror. Additionally,
the driver may interrupt the above sequence by activating
the manual high beam switch generating input signal 1123
(FIG. 11). This feature is necessary to allow the driver to
override improper behavior of the control system or to use
the high beams to alert other drivers through flashing the
high bcams.

Some additional features may be provided with the above-
described hardware and software configuration. One such
feature is daytime running lights (DRLs). On some vehicles,
DRLs are provided by operating the high beams at a reduced
intensity. By using the PWM drive circuitry provided, the
high beams can be set to a reduced intensity during daylight
conditions. The ambient light sensor 1107 can be used to
determine daylight conditions and switch the headlamps to
normal low beam operation at dusk. In particular, the
ambient light level can have one or more light level thresh-
olds associated therewith. When the ambient light level is a
daytime one threshold, the daytime running lights will be
ON. Below that threshold, bul above another lower
threshold, the low beams can be ON. Below that lower
bright activate ambient light level threshold, the high beams
may be operated automatically if the driver does not manu-
ally disable high beam operation.

Even without the use of DRLs, it is desirable to have
automatic activation of the low beam headlamps at dusk.
This control can be provided by the use of the ambient light
sensor 1107. For better performance, an additional light
scnsor can be provided which scnscs light from a direction
upwards rather than looking straightforward as the ambient
light sensor 1107 does. Such a sky sensor arrangement is
disclosed in U.S. patent application Ser. No. 09/491,192,
entitled VEHICLE EQUIPMENT CONTROL WITH
SEMICONDUCTOR LIGHT SENSORS, filed by Jon Bech-
tel et al. on Jan. 25, 2000, the entire disclosure of which is
incorporated herein by reference. Alternatively, a few rows
of pixels in the image sensor can be used to image a region
of the sky above the horizon. An imaging system disclosing
such an arrangement is described in U.S. Pat. No. 6,130,421,
the disclosure of which is incorporated herein above by
reference. The ability to image through both the red and cyan
filters can help to distinguish between clear and overcast
conditions and to detect a sunset.

It is envisioned that the system can detect a tunnel using
the image sensor and a sky sensor. In particular, a potential
tunnel condition is detected when a large area of contiguous
dark pixels is detected that meets a size threshold level and
is located in the center of the image, under daytime ambient
light conditions. If the dark area grows while the ambient
light conditions continue to sense day ambient light
conditions, the potential tunncl condition will continuc. If
the image sensor continues to see a large dark area forward
of the vehicle when the daylight ambient conditions are no
longer detected, the vehicle will be determined to be in a
tunnel, and the headlights will be ON. The headlights will
remain on until the daylight ambient conditions are detected,
at which time the headlights will be turned OFF and daylight
running lights will be turned ON if the controlled vehicle has
daytime running lights.

Speed Varying Thresholds

The speed input 1117 can be used in additional ways by
microcontroller 1115. For example, when driving on an
expressway, it is necessary to detect oncoming cars in the
opposite lane, which is usually separated by a median.
Therefore, the microcontroller must be more sensitive to
oncoming headlamps at larger angles than would be neces-
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sary for back-road driving where there is no median sepa-
rating oncoming traffic. Incorporating a wide field of view
for back-road driving has the disadvantage of increasing the
likelihood that the image sensor will detect house lights,
which are typically incandescent. Incandescent light sources
will not be filtered by the AC rejection algorithm. Such
house lights are not typically present on the side of the
freeway. By increasing the sensitivity of the device to
objects at higher angles when the vehicle is traveling at
higher speeds, such as speeds in excess of 50 to 60 mph, the
system will be able to sense cross-median traffic on express-
ways without increased sensitivity to house lights on back
roads. It is envisioned that the field of view could be
increased when the vehicle speed exceeds 65 mph and
decreased when the vehicle speed passes below 60 mph.

In particular, it is cnvisioncd that prior to step 1601,
additional steps can be provided to make the field of view
speed sensitive. These steps are illustrated in FIG. 21. The
vehicle speed is input in step 2101. The microcontroller
determinces in step 2103 whether the status is currently a
wide view for expressway driving. If it is not, the micro-
controller 1105 determines whether the speed is greater than
55 mph. If not, the status does not change. If the vehicle
speed is determinced to be greater than 55 mph in step 2105,
the field of view of the image sensor 201 is increased as
indicated in step 2107. The field of view in the horizontal
direction can be increased by 30 to 150 percent, and advan-
tageously 60 to 125 percent, relative to the narrower field of
view at lower speeds. If it was determined in step 2101 that
the controlled vehicle 100 is in the expressway state, the
microcontroller 1105 determines in step 2109 whether the
vehicle speed has dropped below 45 mph. If it has, the
microcontroller reduces the field of view of image sensor
201 to its narrower non-expressway field of view. In one
advantageous embodiment, the field of view remains the
same at all speeds but the thresholds for responding to lights
at higher angles are decreased as speed increases. This is
advantageous because it allows detection of very bright
objects at high angles when the vehicle is traveling at slow
speeds, but it is not sensitive to less bright objects, such as
house lights or street signs, when traveling at slow speeds.
In particular, at high speeds reducing the thresholds
increases the sensitivity to cross-median traffic. The thresh-
olds are reduced more significantly to the left than to the
right since cross median traffic is to the left. This property
can be reversed for left-hand-drive countries.

It is envisioned that the field of view will be varied by
increasing and decreasing the width of the pixels used by the
image sensor in the manner described above when the high
beams are ON or OFF.

According to another aspect of the invention, the integra-
tion time for the pixels of the image array sensor can be
increased at higher speeds. This increase in integration
period increases the sensitivity of the image array sensor.
The system is thus able to detect an oncoming vehicle
sooner. This may be particularly advantageous, as oncoming
cars are likely to be traveling faster when the controlled
vehicle is traveling faster. Accordingly, providing the light
control system with a higher sensitivity to shorten the
response time will better emulate a desired dimming char-
acteristic of the headlamps by dimming the headlamps at a
desired vehicle distance. To provide this function, in step
2107 the microcontroller 1105 increases the sensitivity and/
or widens the horizontal viewing angle, whereas in step
2111, the microcontroller decreases the sensitivity and/or
narrows the horizontal viewing angle.

It is further envisioned that adjustments can be made to
the threshold in step 1707 as a function of speed. Such a
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system can be implemented using a look-up table stored in
read only memory. FIG. 22 illustrates regions of the image
sensor array 301, with the regions radiating outwardly from
the center. The regions may not be symmetrical since
oncoming traffic usually occurs more to the left and signs
and nuisance light sources are more likely to the right in
right side drive countrics. The look-up table scts a respective
threshold for each of the regions 1-6 with the regions having
sequentially, incrementally greater thresholds moving out-
wardly from the center. Thus the center region 1 will have
the lowest threshold and the outer peripheral 6 will have the
highest threshold. In addition, the thresholds at different
angles will vary as a function of speed, such that at higher
speeds, the thresholds will be lower in regions 3 through §
than they will be at higher speeds. For example, where two
fields of view are provided, one table will contain respective
thresholds for pixels in the regions for lower speeds and
another table will contain respective thresholds in regions
for the higher speeds. Each table will assign an integration
time and/or thresholds for use in analyzing dillerent portions
of the field of view. Because the greater the distance from the
center the greater the viewing angle of the scene image,
lowering the threshold in the outer regions increases the
system’s responsiveness to light sources at wider angles to
the controlled vehicle.

Either the thresholds or the integration times for the pixel
sensors of the image array, or both the thresholds and the
integration times, can be changed to increase the sensitivity
of the sensor at different speeds. Thus, it is envisioned that
the field of view can be the same at both high and low
speeds. However, the thresholds or the sensitivity (i.e., the
integration period or the amplifier gain) can be altered such
that at low speeds images viewed at wide angles will have
little impact on the dimming decision whereas at high speeds
the images viewed at wide angles will have substantially
more impact on the dimming decision at high speeds. It is
further envisioned that instead of using look-up tables, an
algorithm can be used to alter the sensitivity of the light
sensor as a function of the angle of the image being viewed.
Such an algorithm can be used to reduce the memory
requircments for the system at the cxpensc of rcquiring
greater processing power to implement the function.

Turning

As indicated above, it is disadvantageous to have a wide
field of view when traveling slowly, such as occurs when
traveling on back roads. However, when turning, it is
necessary to have a wide field of view so that the image
sensor can detect other vehicles that will come in front of the
controlled vehicle prior to the controlled vehicle’s head-
lamps striking the other vehicle. It may also be desirable to
lower the thresholds for those regions of the sensed image in
the direction of the turn. A subroutine that the microcon-
troller 1105 uses for changing the viewing angle of the
image sensor is disclosed in FIG. 23. It is envisioned that the
subroutine will be executed each time a turn condition is
initiated. For example, the microcontroller may detect any
one or more of the following: activation of a vehicle turn
signal alone or in combination with braking; a change in
vehicle heading detected by the compass; global positioning
information; and change in direction ol the vehicle steering
wheel or front tires. Responsive to such an event, the
microcontroller 1105 will input the criteria to be used in
making a decision as to whether the field of view needs to
be altered. For example, a compass input, an input from a
turn signal, global positioning system (GPS) receiver
information, wheel turn indication from the vehicle steering
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system, vehicle speed, gyroscope output, tire speed sensors
of an anti-lock brake system (ABS), or a combination of
these inputs may be input in step 2301. Additionally, motion
analysis (discussed below) may be used to sense turning of
the vehicle.

In step 2303, the microcontroller 1105 will determine
whether the criteria input in step 2301 indicate that the field
of view should be altered. For cxample, when the vehicle
turn signal is ON, and the vehicle is slowing down, the
viewing angle sensitivity can be altered in the direction of
the turn signal. Alternatively, actuation of the vehicle brake
systcm in combination with a changc in vchicle hcading
greater than a threshold angle of change could trigger a
change in sensor viewing angle. In particular, the compass
sensor information can be compared to a threshold change of
dircction to determine if the controlled vchicle 100 is
turning, and responsive thereto the microcontroller 1105 can
increase the sensitivity of the image sensor 201 and asso-
ciated circuitry to light sources in the direction that the
vchicle is turning. In order to implement such a turning
control, the compass must generate vehicle heading infor-
mation that the microcontroller can use. Commercially
available compasses of the type used in vehicles generate an
output, which will opcrate within 2° to 3° of accuracy as the
vehicle turns. As a consequence, the rate at which the vehicle
heading is changing and the direction that the vehicle is
turning can be determined from the compass output or GPS
information. In one embodiment, a compass is integrated
into an electrochromic mirror with an automatic headlamp
dimmer and the compass sensor signal is utilized to enhance
the performance of the automatic headlamp dimmer.

If it is determined in step 2303 that a shift of the
sensitivity pattern is required, the image sensor will shift its
sensitivity as indicated in step 2305. For example, the high
sensitivity region 1 of the image sensor will generally be in
the center ol the array such that lights straight-forward of the
vehicle will have the strongest impact on the light control
process. This is particularly advantageous as the brightest
light produced by the controlled vehicle illuminates straight
out in [ront of the controlled vehicle. As the controlled
vehicle turns, the center axis of each of the regions 1 through
5 will shift as indicated in step 2305. As a consequence,
these regions shift in the direction that the vehicle is turning
such that they are centered to the right or left instead of being
centered on the Y axis (FIG. 22). The sensitivity of the pixels
in array 301 will thus shift right as the vehicle turns right,
and shift left as the vehicle turns left. The degree that the
sensitivity field shifts can vary depending upon the rate of
change of the vehicle as well as the speed of the vehicle.

It is envisioned that the sensitivity can be changed using
the lookup table. In particular the lookup table can contain
respective integration periods and thresholds according to
the location of pixels such that the sensitivity is as shown in
I'IG. 22 when the vehicle is traveling straight. As the vehicle
turns, the addresses associated with columns of pixels may
be altered such that the integration periods and thresholds
for pixcls in the column will shift left or right.

It the change is not sufficient to change the sensitivity, as
determined in step 2303, the microcontroller will determine
in step 2307 if the vehicle is going straight. The microcon-
troller will continue to monitor the rate of change of the
vehicle heading until the vehicle is heading generally
straight, as indicated in step 2307. It will be recognized that
subroutine may be run once as an interrupt routine such that
other subroutines may be run in between execution of
routine 2300.

It is further envisioned that adjustments may be made in
the vertical direction, in addition to the horizontal direction,
for example if a change in vehicle inclination is detected.
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Light List History

Information about lights from previous frames can be
useful in evaluating current frames. However, there is typi-
cally insufficient memory in low cost microcontrollers to
store previous [rames so as Lo retain a complete history of
cach frame’s content. To minimize the memory require-
ments for implementing the system, while retaining some
useful historical information, the brightness and location of
one or more of the brightest lights detected in one or more
previous frames are stored for use when processing a later
frame. The entire light list from a previous frame need not
be stored, unless significant memory is available. It is also
useful to store the brightness and location of only the
brightest lights detected in one or more preceding frames.
This information can be used to provide fast return to bright.
After an oncoming car 105 has passed the controlled vehicle
100, it is useful to return to the high beam state as soon as
possible. The night vision of the driver in the controlled
vehicle may be temporarily impaired by the lights of the
oncoming vehicle. The impact of this loss of night vision
may be minimized by providing as much scene illumination
as possible, as soon as possible, following passage of a
vehicle. The microcontroller 1105 uses the light list history
information to implement a fast return-to-bright. In
particular, after step 2007 in FIG. 20a, the microcontroller
1105 can determine whether the current frame is suddenly
clear of bright light sources [ollowing a preceding [rame that
contained a very bright headlamp. In such a case, it is likely
that the bright headlamp has just passed the controlled
vehicle. If this situation occurs, the normal gradual, delayed
fade-in period can be bypassed, or partially bypassed, and
the high beams can be incremented by more than one state,
such as by eight states (FIG. 19), to return to bright high
beams more quickly.

Another scenario where the opposite result is desired
occurs when the controlled vehicle comes up behind a
preceding vehicle 110. As the controlled vehicle 100
approaches the preceding vehicle 110, the image sensor will
detect the preceding vehicle’s tail lights and dim the con-
trolled vehicle’s high beams responsive thereto. When the
controlled vehicle moves to the side to drive around the
slower preceding vehicle, the tail lights of the preceding
vehicle will move out of the field of view of the image
sensor. However, if the controlled vehicle’s bright lights are
activated, they will shine into the eyes of the driver of the
vehicle being passed via the exterior rearview mirror. This is
particularly problematic when the controlled vehicle is pass-
ing a truck, as it may take a long time to pass the truck. In
this situation, the microcontroller can include a decision step
following step 2007 to determine whether the previous
frame included a tail light, and if so, to set a predetermined
delay before the high beam headlamps can be activated.
Where the high beam lights are dimmed responsive to
preceding tail lights, a long delay will thus be introduced
before turning the high beams back ON. For example, the
high beams may come on several seconds after the tail lights
move out of the scene being imaged. Motion analysis
(described below) may be used to determine the rate of
overtaking a preceding vehicle or the rate at which a
preceding vehicle may drive out of range to thereby enable
additional control over the headlamps.

The light history can also be used to select an integration
period for the image array sensor pixels. In particular, it is
envisioned that the amplifier gain 303 for the pixels can have
different gains or different integration intervals to increase
the dynamic range of the light sensor. For example, three
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different gains or integration periods could be supported. A
bright light will saturate all but the lowest gain, whereas a
dim light such as a tail light can not be detected at a low gain.
The light history can be used to remember that the sensor
was washed out even at low gain, and an ultra low seositivity
can be used to detect lights.

Another use for the light list history is determining traffic
density. In particular, the traffic density can be ascertained
from the time period count between detecting oncoming
headlights. Thus, in or near a city where traffic is heavier, the
system can respond to that condition by having a relatively
long delay period. On the other hand, where traffic is light,
such that oncoming traffic is less likely, the delay to turn on
the bright lights can be short. It is envisioned that as the
traffic increases, the return-to-bright time period will
lengthen, whercas as the traffic decrcases, the rcturn-to-
bright period will shorten. It is further envisioned that a
number of different criteria could be used, such as the
number of frames since a vehicle was previously detected or
the pereentage of time that the bright lights were on over a
predetermined sampling period. In these ways, the number
of objects detected over time can be used in the control of
the headlamps, and in particular, to at least partially inhibit
turning on the high beams. It is cnvisioned that where a
vehicle includes an electrochromic mirror glare sensor to
detect light from the rear of the vehicle, or any other device
having a rearward directed optical sensor, such as a rear
vision system, additional information can be accessed which
is useful for controlling the return-to-bright interval. In
particular, when the bright headlights are dimmed because
of tail lights from a preceding vehicle, the headlights can
return to bright a predetermined time after the tail lights
disappear from in front of the vehicle or when headlights are
detected by the rcar glarc scnsor in the rcarview mirror,
whichever occurs first. Where headlights from a trailing
vehicle are detected immediately prior to the disappearance
of tail lights from a preceding vehicle, the use of the
rearward sensor for detecting a return to bright condition
will be precluded. Additional considerations can be used in
making the return-to-bright decision. For example, a mini-
mum and a maximum interval can be required before
return-to-bright.

It is cnvisioncd that the systcm will only provide a
variable return-to-bright interval under certain conditions,
such that the return-to-bright interval will typically be a
default time interval. However, a fast return-to-bright inter-
val will occur following a condition where really bright
headlights are detected and then disappear, as such bright
lights will reduce the driver’s night vision. Additionally, a
slow return to bright condition would be used following
disappearance of a preceding tail light since the driver’s
vision will not have been impaired and it is desirable to
avoid shinning the high beams into the eyes ol a vehicle
being passed.

It is further envisioned that integration periods in the
current frame may be adjusted based upon measurements
made in a previous frame. In particular, an extremely short
integration period can be used for the image sensor 301
where the lowest sensitivity measurements in a previous
frame resulted in saturation of the light sensor. To the other
extreme, where the previous frame’s most sensitive mea-
surements did result in detection of tail lights, a very long
integration interval can be used for the image sensor 301 to
look for tail lights in the current frame. Thus where three
integration periods are typically used, two additional inte-
gration periods can be selectively used when the conditions
necessitate either an extremely short or long integration
interval.
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Another use of the light list history is to distinguish signs
and reflectors based on the movement of the objects in the
image over time. Over a sequence of frames, reflectors and
signs will typically move more rapidly toward a side of the
image than will vehicles traveling generally in parallel with
the controlled vehicle. Object lists may be created as the
images are captured as disclosed above and in commonly
assigned U.S. patent application Ser. No. 09/799310,
entitled IMAGE PROCESSING SYSTEM TO CONTROL
VEHICLE HEADLAMPS OR OTHER VEHICLE
EQUIPMENT, filed on Mar. 5, 2001, by Joseph Stam et al.,
the entire disclosure of which is incorporated herein by
reference. The object lists created may be stored in memory
from frame to frame to determine the behavior of a particular
object in the image over time. For instance, reflections from
signs or other stationary objects can be identified by the
motion of this object in subsequent frames. Flashing over-
head stop or caution lamps can be identified by their rate of
flashing. After each frame is analyzed, the object least
created from this frame is kept in memory and light lists
from new frames are stored in a different location. The
techniques disclosed in U.S. patent application Ser. No.
09/799310 greatly reduce the amount of memory required
for image analysis by not requiring an entire frame to be
stored. Therefore, it is practical to store the object lists from
several subsequent frames in the amount of memory typi-
cally provided in low cost controllers. The number of object
lists stored from previous frames depends on the available
memory. As few as one previous object list can greatly assist
in identilying the motion of an object.

To facilitate tracking of objects over time, additional
properties of objects can be added as entries into the object
list. For a headlamp control application, an object list entry
may contain:

X Center X coordinate of the center of the object

Y Center Y coordinate of the center of the object

Total GV Sum of all the gray scale values of all pixels in the
object

Size Total number of pixels in the object

Max The gray scale value of the brightest pixel

Redness Brightness ratio between the clear and the red images
for this object

PrevFramelndex  Index of a light in a previous frame which is the same
light as this one (if any)

Gain ‘Which image in the cycle; high, medium, or low gain

Vector The direction in which the light is traveling

The total number of objects that can be stored depends
upon the available memory. For example, the list above
would require 9 bytes per entry. If, for example, 500 bytes
of memory are available, 50 objects could be tracked. The
object list memory may be allocated as a contiguous array of
object entries. Pointers indicate the start of the object lists
for the current frame and previous frames. The newest
objects identified replace the oldest objects in the list.

The objects in the new object list are then compared to the
objects in the previous object list to determine if any of the
new objects are the same as previous objects. A comparison
is made by determining if the X and Y center of an object in
the current list is within a radius of a certain number ol
pixels from an object in the previous list. The radius
threshold is determined by calculating the maximum amount
an object can reasonably move in an image from frame to
frame. This number is a function of the resolution of the
sensor and may also be a function of the vehicle speed and
turn rate. It is possible for two lights in the current list to be
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daughters of the same light in the previous list. This may
occur as a vehicle approaches from a distance and the two
headlamps, which before were imaged as one blob, become
separated in the image.

Once an object in a previous light list is determined to be
the same object as in the current light list, a motion vector
can be computed to quantify the rate and direction of motion
of the object. Motion detection can be used to distinguish
between signs and reflectors, street lights, and vehicles. As
illustrated in FIG. 39, the headlights 3901 of oncoming
vehicles tend to move down and to the left of the image over
a sequence of frames, while signs and reflectors 3903 tend
to move down and to the right. Overhead street lights 3905
tend to move upward. While other techniques are disclosed
herein for distinguishing between these objects, motion
detection can further increase the accuracy at which the
system is able to make such distinctions.

['urther, such motion detection can be used to distinguish
between headlights and tail lights of vehicles and thereby
further enhance distinction that is otherwise based on color
analysis.

FIG. 40 shows a functional block diagram of one embodi-
ment of the present invention.

As shown, the system 4000 includes an image sensor 201,
an lens 202, a previous light list(s) 4001, and an image
processing routine (seed filly 4003, which receives data from
image sensor 201 and accesses previous light list(s) 4001 to
generate a new light list 4005. New light list 4005 includes
information from which various parameters including the
brightness 4007, position 4009, size 4011, color 4013, AC
component 4015, and motion 4017 of each object may be
derived. The system 4000 further includes decision rules
4020 that control the exterior vehicle lights including the
low beam headlamps 4021 and the high-beam headlamps
4023 by adjusting their activation state, brightness, aim,
and/or focus to vary the illumination pattern produced
thereby. Decision rules 4020 may control the exterior lights
as a function of any one or combination of parameters
4007—-4017 as well as ambient light levels 4025, vehicle turn
rate 4027, vehicle speed 4029, and the state of user actuated
switches 4031 (as discussed further below). Decision rules
4020 may be implemented in a logic circuit (i.e.,
microcomputer), a fuzzy logic circuit, or a neural network.

An example of how decision rules 4020 may use more
than one parameter to control the exterior lights is to reduce
the perceived brightness or otherwise modify the glare arca
of the present beam illumination pattern when a nearby
headlamp is detected. Decision rules 4020 may determine
that a nearby headlamp is present when the detected head-
lamp has high brightness and a relatively high amount of
motion. A distant headlamp, on the other hand, would have
low brightness and a relatively low amount of amount of
motion. A sign would have a low level of brightness but have
a relatively high amount of motion.

Automatic Aim Calibration

Variations in the orientation of the image array sensor
relative to the windshield angle may result in variations in
aim of the sensor, which may negatively impact the perfor-
mance of the dimmer. These variations can be calibrated out
over time using a maximum bound placed on the expected
variation in mounting. In general, on straight roads, distant
oncoming headlamps will be coming from directly ahead of
the optical sensor system 102. The calibration system uses
faint headlamps detected near the center of the image, and
preferably only those within a center window corresponding
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to the expected mounting variations. Such headlamps meet-
ing certain criteria will have their position averaged with
other faint headlamps meeting the same criteria. Over time,
this average of these lights should correspond to the center
of the field of view. This average value can be used to offset
the image window relative to the X and Y-axis in FIG. 22.

More particularly, in order to detect a flat straight road,
from which a misalignment of the optical sensor system can
be detected, a variety of different orientation inputs can be
used. The speed of the vehicle may be required to remain in
a certain range between 35 to 50 mph. The vehicle can be
determined to be traveling straight using the compass, GPS,
or monitoring the operation of the vehicle steering system.
If the heading changes during the test, the measurement will
be considered to be in error. If the vehicle has equipment for
providing an elevation measurement, any changes in the
vehicle’s elevation during the calibration process will result
in an error. The elevation measurement may thus be used in
determining whether to adjust the field of view.

A distant vehicle is initially detected by sensing white
light ncar thc center of the image, which is faint at the
highest sensitivity (longest integration period) of the image
sensor. As this light gets brighter, the system monitors the
orientation inputs to detect whether the road continues to be
flat and straight. If it remains flat and straight for a period of
time which is at least twice the time period required for the
vehicles 100, 105 to pass, the measurement will be valid.
The center point detected initially will then be averaged with
previous valid measurements, and the average measurement
will be considered to be the center of the image.

‘This will be the average X and Y coordinates, which
together will mark the center of the image sensor. This
location can be saved in EEPROM or flash ROM.

Another method of aiming calibration is to take a very
high gain image and look for the reflection of the road. The
average point where this reflection occurs can be used to
calibrate the aim.

Liquid Crystal Filter

An alternative optical system may include a liquid crystal
filter 2405 that can be uscd to sclectively provide both a red
and a blue filter, whereby red and blue images may be
viewed by an image sensor 2401 through a single lens
structure 2403. In such a structure, the image sensor 2401
need only have one imaging area (e.g., array area 702
instead of array areas 702 and 703 as required with two
lenses). The filter 2405 is implemented using a liquid crystal
colored light switch 2503 (FIG. 25) electrically connected to
microcontroller 1105 through conductors 2413 and 2411.
The filter includes a neutral polarizer 2501, a liquid crystal
shutter 2503, a red polarizer 2505, and a blue polarizer 2507.
The neutral polarizer 2501 and red polarizer 2505 are
oriented with their polarizing axis aligned in one direction
and the blue polarizer 2507 is oriented with its polarizing
axis oriented orthogonally to the red and neutral polarizer.
The liquid crystal shutter 2503 is implemented using a
twisted neumatic (TN) liquid crystal shutter selectively
energized under the control of microcontroller 1105. In
particular, when the shutter is not energized, the liquid
crystal device transmits the red light. When the liquid crystal
is energized, the liquid crystal device transmits blue light.

It is thus possible to measure the relative intensities of two
colors of light using a single photo sensor or image area. In
the unenergized state all visible light is polarized in the
horizontal direction by the neutral polarizer, rotated 90° by
the unenergized TN liquid crystal cell to the wertical
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direction, and then all but the red light will be absorbed by
the horizontal red polarizer. The red light will then pass
through the vertical blue polarizer. In the energized state all
visible light will be polarized in the horizontal direction by
the horizontal neutral polarizer, and not rotated by the
energized TN liquid crystal cell, all visible light will be
transmittcd by the horizontal red polarizer and all but bluc
light will be absorbed by the vertical blue polarizer. The
liquid crystal device can be used as a high-speed light switch
to alternate between transmission of blue light and red light.
The relative intensities of the red and blue light components
of an object or light source can then be determined.
Alternatively, a green polarizer can be substituted for either
the red or blue polarizer to switch between transmission of
blue and green or red and green light respectively.
Furthermore, a clear polarizer can be substituted for the blue
polarizer to switch between red and clear.

Windshield Wiper

To improve dimmer performance when it is raining, it is
useful to synchronize the acquisition of images with the
windshield wipers. For example, a signal can be provided
from the wiper motors to indicate the position of the wipers.
Immediately after the wiper passes over the sensor, and
image can be taken to look for cars. Most importantly, it is
necessary to avoid taking images while the wiper is over the
image sensor 301.

‘Where the controlled vehicle 100 includes a moisture
sensor, the moisture sensor can monitor the windshield
wiper. A moisture sensor providing such information is
disclosed in U.S. Pat. No. 5,923,027, entitled MOISTURE
SENSOR AND WINDSHIELD FOG DETECTOR, issued
to Joseph Stam et al. on Jul. 13, 1999, the disclosure of
which is incorporated herein by reflerence.

Information regarding the on/off status of the windshield
wipers may also be used to control the vehicle headlamps.
When the headlamp controller determines that the wind-
shield wipers have been turned on, the headlamp controller
may turn on the low beam headlamps of the vehicle assum-
ing they are not already on. In addition, the headlamp
controller may disable the headlamps from operation in a
high beam state when the vehicle windshield wipers are
activated. This may be accomplished by simply maintaining
the headlamps in the low beam state when in an automatic
control state or otherwise deactivating the automatic control
state such that the high beams may not automatically be
turned on while the wipers are activated. Additionally, the
headlamp controller could disable any manual activation of
the high beams so long as the windshield wipers are turned
on. Also, foul weather lights, particularly the fog lights, may
be automatically activated when the wipers are on.

‘The headlamp controller may receive a signal over the
vehicle bus from the windshield wiper controller indicating
that the windshield wipers are activated. Alternatively, the
headlamp controller may determine that the windshield
wipers are activated upon detecting a wiper within the scene
imaged by the imaging system. As yct another alternative,
the headlamp controller may receive a signal from a rain
sensor that is used to control the windshield wipers indicat-
ing that a control signal has been transmitted to activate the
windshield wipers.

Deceleration

In addition to varying the image sensor operation depend-
ing upon the vehicle speed, other speed criteria can be used
to control the operation of the vehicle headlamps. Turning
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on the high beams may be inhibited when the vehicle is
decelerating, when the brakes are actuated, or when the
vehicle is traveling slowly. This prevents high beams from
coming on when coasting to a stop or approaching an
intersection. Deceleration can be detected from the speed
input to the microcontroller 1105 (FIG. 11).

Bad Pixcl Calibration

An image sensor may contain one or more bad pixels.
These bad pixels may manifest themselves as extremely
sensitive pixels, which may cause “white-spots” in the
image. Such “white-spots™ will cause false light detection in
the image if the sensor is not calibrated to remove them from
calculations. During production tests, the location of these
white spots can be measured and stored in a programmable
memory associated with microcontroller 1105. To compen-
sate for such bad pixels during normal operation of the
image array sensor, after an image is acquired, the pixel
value at the white-spot location may be replaced with the
average value of its neighboring pixels.

It is possible that a white-spot may form during use of the
image sensor, such that it is not detected during production
tests. Such a situation will cause the device to be inoperable.
To avoid this problem, it is desirable to calibratc the white-
spot out of the image after recognizing the bad pixel. In
order to detect the white spot, it is necessary to detect that
the pixel remains “lit-up” in several images, and preferably
over an extended period of time. A bad pixel will stand out
if it is repeatedly lit-up when neighboring pixels are dark.
‘When such a pixel is detected, it can be added to the list of
bad pixels.

It is envisioned that bad pixels can be periodically tested
to determine if their performance has improved. This can be
accomplished by monitoring a sequence of images to deter-
mine whether the center pixel is dark while the adjoining
pixcls arc not dark.

“Picket Fence”

In controlling the vehicle headlamps, it is desirable to
avoid a condition where the headlamp high beams flash ON
and OFF at a relatively rapid rate, this is particularly
important if non-variable two-state headlamps are used. For
example, a sign along the road can cause flashing of the
headlights between bright and normal levels. This occurs
when reflections of the bright high beams from a sign are
bright enough to cause dimming of the high beams and
reflections of headlight low beams are low enough that the
bright high beams are turned ON. The condition can be
avoided by having the system look at the object that caused
the high beams to turn OFF. When this condition occurs, the
light level at that position is ignored while the pixels around
the object are not ignored for a predetermined number of
cycles, such as ten cycles. The length of time that the object
is ignored can be variable as a function of the vehicle’s
speed. The higher the vehicle’s speed, the shorter the period
that the object will be ignored.

During the time period, the lights will be controlled using
pixels other than those associated with the object being
ignored.

A reflector can be distinguished [rom an active source of
light by flashing the vehicle headlights off. The time period
that the headlights are off is so short that the image sensor
can sense the loss of light even though the human eye will
not perceive, or barely perceive, that the lights were off. A
light emitting diode headlamp described hereinbelow can be
turned OFF and ON very rapidly, such that it will be off for
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such a short period of time. In operation, the microcontroller
1105 controls the headlamp high or low beams to turn OFF,
and controls the image sensor to image the scene during that
brief time period that the headlamps are off. The off time
period may for example be 10 ms.

Fog Detector

It is desirable for the vehicle to reliably detect a foggy
condition, and in response thereto, to automatically turn ON
or OFF front and rear tfog lamps. Effective fog detectors have
not been available heretofore. Fog may be detected by using
the image sensor and optical system for the headlight
ON/OFF and headlight dimmer control. Fog can be detected
by a reduced scene contrast along with scene ambient light
level determinations. The ambient light can be determined
from the mean gray scale value of the pixels imaging the
forward scene or by a separate ambient light sensor, such as
the ambient light sensor used for the electrochromic mirror.
It is envisioned that the mean can be a clipped mean value.
The variance of the gray scale values of the pixels provides
a measure of the contrast in the image. Alternatively, the
variance can be determined from the standard deviation of
the pixels, and in particular, when the standard deviation is
less than a standard deviation threshold level, the presence
of fog is identified responsive to which the fog lights can be
turned ON. Alternatively, the individual differences between
the average pixel level and each individual pixel level can be
added [or the entire image sensor, and when this total
variance exceeds a variance threshold level, the presence of
fog is detected. Either of these examples of fog criteria can
be used as a measure of contrast.

Several additional factors may also be considered. The
contrast valuc may be an average contrast value over scveral
images. The contrast may be determined in row-wise fashion
to determine the level of fog. Various regions of the scene
may be considered independently. If two color lenses are
present as in the headlamp dimmer, color information may
be used. The actual values of the brightness/contrast ratios
and the proper image sensor exposure times should be
determined experimentally. The device can be set to only
operate between a predetermined range of brightness levels,
such that if the ambient level is too high or too low, the fog
detector will not operate, and manual override will be
required. The ambient light conditions for fog may for
example be between 1 and 1000 lux. Both the image sensor
and the ambient light sensor can be used to detect fog. If the
ambient light level detected by the ambient light sensor is
within the appropriate range, an image of the forward scene
is acquired with a sensitivity set to the average gray scale
value of the pixels (e.g., 128 lux). If the contrast at a given
brightness level is below a predetermined threshold level, it
is determined that fog is present.

Snow And bFog Detector

It is also desirable for a vehicle to detect when it is
snowing. Typically, in heavy snow conditions, it is not
desirable to activate the high beams. Further, cven if it is not
snowing heavily, the snow may reflect the light from the
high beams in such a way that the headlamp controller
mistakenly perceives an oncoming vehicle based upon the
reflected light from the controlled vehicle’s own headlamps.

To detect snowfall, it is preferable to provide a sensing
system that senses light levels forward and above the
vehicle. To obtain the light level above the wvehicle, a
separate light sensor may be positioned to sense light from
the sky above the vehicle. Such a sky sensor may include a

10

15

20

30

35

40

45

50

55

60

65

48

single pixel sensor positioned at a 45° angle relative to the
sensor used to sense light forward of the vehicle. 'The sensor
used to sense light forward of the vehicle may be a single
pixel sensor or the image array sensor used to image the
scene forward of the vehicle for headlamp control. The
values sensed by the forward and sky sensor may be
averaged over a period of time. Thescs sensors may be
constructed in accordance with the teachings of U.S. patent
application Ser. No. 09/307,191, entitled PHOTODIODE
LIGHT SENSOR, filed on May 7, 1999 by Robert H. Nixon
et al. and U.S. patent application Ser. No. 09/491,192,
entitled VEHICLE EQUIPMENT CONTROL WITH
SEMICONDUCTOR LIGHT SENSORS, filed on Jan. 25,
2000, by Jon H. Bechtel et al., the entire disclosures of
which are incorporated herein by reference.

The controller is coupled to receive the output of both the
forward sensor and the sky sensor and compares the relative
brightness in front of the vehicle with that above the vehicle.
In some conditions, it may be desirable to compare the
relative brightness as the brightness of the vehicle’s head-
lights increases. The headlamp controller determines that it
is snowing or foggy when a ratio of the relative brightness
forward of the vehicle to that above the vehicle reaches a
threshold as the brightness of the vehicle’s headlights
increascs duc to the reflection of the headlamp light off the
snow in the forward scene.

When the controller determines that snow is falling, it
may activate the low beam headlamps if they are not already
activated and can disable the high beams from being acti-
vated either through automatic control or manually. Further,
automatic control may be disabled and [oul weather lights
may be activated. Additionally, the brightness of the vehi-
cle’s tail lights and/or brake lights may be increased to
increase the visibility of the vehicle to other rearward
vehicles.

The hcadlamp controller may also infer that the condi-
tions outside of the vehicle are snowy or foggy when the
driver turns the front windshield defroster fan to full speed.
In such an event, the controller may also disable the head-
lamps from operation in a high beam state and may disable
further automatic control.

The techniques described in this section are particularly
well-suited for detecting fog at night, while the techniques
described in the preceding section is better suited for detect-
ing fog during daytime.

Daytime Running Light and Tail Light Control

As discussed above, daytime running lights (DRLs) are
provided on some vehicles. As also discussed above, DRLs
are provided by operating the high beams at a reduced
intensity by changing the PWM drive signal delivered Lo the
high beams during daylight conditions. For this purpose, an
ambient light sensor 1107 can be used to determine daylight
conditions and switch the headlamps to DRL operation when
daylight is detected.

The controller may also utilize the sensed ambient light
level to turn on the low beams when it is sufficiently dark.
Additional the DRLs may be controlled to vary their inten-
sity during daylight conditions. Ambient light levels may
vary considerably [rom the brightest of daylight conditions
to the conditions existing just prior to activation of the low
beam headlamps at dusk. There have been complaints about
the brightness of DRLs when the ambient light levels are
relatively dark. In the brightest conditions, however, the
DRLs are less bothersome because they appear to be less
bright relative to the ambient light levels surrounding the
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vehicle. Accordingly, the headlamp control circuit may be
configured to vary the brightness of the DRLs in response to
the ambient light levels sensed by an ambient light sensor.
Specifically, the control circuit may increase the brightness
of the DRLs in response to increasing ambient brightness.

A similar problem exists with respect to a vehicle’s tail
lights and brake lights. Tail lights and brake lights preferably
have brightness levels that are sufficient to allow drivers to
the rear of the controlled vehicle to easily determine whether
the tail lights and brake lights are on or off regardless of the
ambient light level. On the other hand, at nighttime, tail
lights and brake lights can be too bright so as to adversely
affect the night vision of drivers to the rear of the vehicle.
Accordingly, it is preferable to decrease the intensity of tail
lights and brake lights with decreasing ambient light levels.
Such intensity variation may be continuous or accomplished
in discrete steps. Additionally, it may be desirable to increase
the intensity of the tail lights and/or brake lights when foul
weather, such as rain, fog, or snow, is detected.

User Control and Feedback

An alternative embodiment of the present invention is
shown in FIG. 34. The same reference numerals are used to
illustrate common elements as in the embodiment shown in
FIG. 11. Like the embodiment shown in FIG. 11, this
alternative embodiment shown in FIG. 34 includes an image
sensor chip 201 and a lens 202 preferably mounted in a
mirror mount 1003. A compass sensor 1135 is also prefer-
ably mounted in mirror mount 1003. The compass sensor
may alternatively be mounted in mirror body 1000. A
microcontroller 1105 is preferably mounted in mirror body
1000 and is coupled to image sensor chip 201 and compass
sensor 1135. Mirror body 1000 may further include an
electrochromic element 1102 and a compass display 3404,
both of which may be controlled by microcontroller 1105.

A forward-facing ambient light sensor 1107 and a
rearward-facing glare sensor 1109 are also preferably pro-
vided in mirror body 1000. Additionally, a sky sensor 3402
may be provided in mirror housing 1000, which is inclined
at an angle to view the scene of the sky above and slightly
in front of the vehicle. Such a sky sensor 3402 may be used
for detecting snow or other ambient light conditions. Sky
sensor 3402 may be a single pixel sensor or may optionally
be incorporated in the mirror mount as an optical element
that images a view of the sky onto a designated arca of the
image sensor chip. Such a structure is disclosed in com-
monly assigned U.S. Pat. No. 6,130,421. The disclosures of
the above-mentioned patent and patent application are incor-
porated herein by reference.

Microcontroller 1105 is coupled to the vehicle bus 3406
for exchange of various information and control signals. As
indicated, a switch control module 3408 may be coupled to
the bus for providing the states of various switches that may
be manipulated by the user to microcontroller 1105. For
example, a high/low beam switch 3410 may be coupled to
switch control module 3408, as may be a headlamp on/off
switch 3412. Such switches arc common in vehicles with the
high/low beam switch typically being mounted to the steer-
ing wheel column and the headlamp on/off switch being
positioned on the vehicle instrument panel.

The present invention also provides for a user sensitivity
selection switch 3414 that is coupled to switch control
module 3408 to allow a user to adjust the sensitivity of the
headlamp control system. Microcontroller 1105 may
respond to changes in the sensitivity setting set by the user
by adjusting the thresholds that the microcontroller utilizes
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to compare to detected light sources to determine when to
turn off or on or fade in or out the high beams. Alternatively,
microcontroller 1105 may utilize the sensitivity setting to
change the rate at which it changes headlamp brightness
states or may change the duty cycles associated with those
states. Further still, microcontroller 1105 may adjust the
sensitivity by changing the integration time of some or all of
the pixels in the CMOS image array sensor. Also, the
sensitivity to light in various portions of the scene in front
of the vehicle may be adjusted by varying the thresholds/
integration times for pixels in the image array sensor that
image the peripheral regions of the forward scene. Other
adjustments may also be programmed into microcontroller
1105 to determine how it should respond to adjustment of a
user-sensitivity switch 3414.

As will be explained further below, the present invention
also provides for the inclusion of an automatic headlamp
control on/off switch 3415 by which a user may disable the
automatic control of the vehicle headlamps.

Also coupled to vehicle bus 3406 is a lighting control
module (or body controller) 3416, which controls the state
and possibly the perceived brightness of the low beam
headlamps 3418, the high beam headlamps 3420, and the
brightness of the tail lights 3422. Front control module 3416
may also be used to control the on/oft status or perceived
brightness of fog lamps. As mentioned above, the brightness
of daytime running lights may be adjusted by controlling the
perceived brightness of high beams 3420.

FIG. 35 shows a state diagram for operation of micro-
controller 1105 in response Lo various states of the switches
coupled to switch control module 3408. As illustrated, the
microcontroller 1105 may operate in an automatic mode or
a manual mode in response to the activation of the automatic
control on/off switch 3415. Such a switch may be provided
on the steering wheel column and integrated into the same
column switch that is utilized to manually activate the high
beams. For example, if such a column switch is in a middle
position, microcontroller 1105 will operate in a manual
mode. If, for example, this column switch is moved to a
forward position, microcontroller 1105 will respond by
entering an automatic control mode. As discussed above,
during an automatic control modc, microcontroller 1105
varies the headlamp state between a high beam on state 3502
and a high beam off state 3504 based upon the light sources
detected by the image sensor or upon other events. In the
manual mode, however, the headlamps are operated manu-
ally in a conventional manner. For example, the high beams
may initially be in an off state 3508 and be turned on by
manual toggling of the column switch or other mechanism
such that the high beams are in an on state (3510). Toggling
a switch back would turn the high beams off. If the column
swilch includes a [ash-lo-pass [eature, [lashing the column
switch would temporarily turn the high beams (on state
3512) whereas when the user releases the column switch, the
high beams are turned off and returned to state 3508.

FIG. 36 shows a state diagram showing a more complex
control scheme. As with the control scheme shown in FIG.
35, microcontroller 1105 may operate in either an automatic
mode or a manual mode. Transition between the automatic
or manual modes is generally manually selected using a
swilch 3415 that may, [or example, be provided on the
steering wheel column or on the vehicle instrument panel. In
the manual mode, microcontroller 1105 operates in the same
manner as described above with respect to FIG. 35. In the
automatic mode, however, microcontroller 1105 initially
operates in an automatic high beam control state 3602
whereby the high beams are automatically controlled to
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transition between on and off states, as well as states of
intermediate brightness if the headlamps are capable of this
feature. When operating in the automatic mode in accor-
dance with the scheme shown in FIG. 36, when a user
toggles the column switch 3410 for manually turning on the
high beams, microcontroller 1105 turns on the high beams in
a manual override state 3604 until such time that the user
again toggles the column switch, at which point microcon-
troller 1105 returns to the automatic high beam control state
3602. In the event that the user manually activates the
flash-to-pass column switch, microcontroller 1105 enters the
high beam on flash-to-pass state 3606 and remains in this
state so long as the flash column switch remains in the
flash-to-pass position. Once the user releases the flash-to-
pass column swilch, microcontroller 1105 returns (o the
automatic high beam control state 3602.

‘While the high beams may be activated in their brightest
state during the flash-to-pass state, it will be appreciated
that, according to one embodiment of the present invention,
the brightness of the headlamps during a flash-to-pass state
may be less than full brightness. Specifically, the brightness
of the headlamps during a flash-to-pass state may be varied
as a function of the sensed ambient light level and also as a
[unction of the current brightness level of the headlamps. In
this manner, any time the flash-to-pass switch is actuated,
the perceived brightness of the headlamps will be increased
by a predetermined increment above that of their current
brightness level so as to provide a perceivable increase in the
brightness of the headlamps to any preceding vehicles, but
without causing a sudden and excessive glare in the eyes of
the drivers of such vehicles.

FIG. 37 shows yet another state diagram for a more
complex control scheme. Again, microcontroller 1105 oper-
ates in either an automatic or a manual mode. When in the
manual mode, microcontroller 1105 allows the headlamps to
be controlled in the same manner as discussed above with
respect to FIGS. 35 and 36. Again, operation in either the
automatic or the manual mode may be manually selected by
the user by manipulation of a switch 3415.

‘When in the automatic mode, microcontroller 1105 oper-
ates in an automatic high beam control state whereby the
control state varies between a high beam on state 3702 and
a high beam off state 3704. Microcontroller 1105 moves
between states 3702 and 3704 in the manner discussed
above responsive to the light sources detected by the image
sensor. When microcontroller 1105 is operating in an auto-
matic mode with the high beams on (state 3702) and then the
column switch 3410 is toggled, microcontroller 1105 will
interpret the toggling of the column switch as a request to
turn the high beams off. Microcontroller 1105 thus enters a
high becam off manual override statc 3708. Microcontroller
1105 will maintain the high beams in their off manual
override state 3708 for a predetermined time period, such as
30 seconds or until the column switch is again toggled.
When the time period expires, microcontroller 1105 will
initially maintain their high beams in the off state, but will
move to state 3704 whereby the high beams may be auto-
matically turned back on based upon the automatic head-
lamp control algorithm that is responsive to the light sources
detected by the image sensor. If microcontroller 1105 is in
the high beam oll manual override state 3708 and the
column switch is again toggled, microcontroller 1105 will
interpret this action as a request by the user to move to a high
beam on manual override state 3706. Microcontroller 1105
will maintain this manual override high beam on state 3706
for a predetermined time period, such as 15 seconds, or until
the column switch is again toggled. If the column switch is
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again toggled, microcontroller 1105 will move to the high
beam off manual override state 3708. Microcontroller 1105
will leave state 3076 and will enter state 3702 when the
timer expires so as to initially maintain the high beams in
their on status but allow for the automatic control algorithm
to dim or turn off the headlamps in response to light sources
detected by the image sensor.

If microcontroller 1105 is opcrating in thc automatic
control state with the high beams off (state 3704) and the
column switch is toggled, microcontroller 1105 will inter-
pret this as a command to enter the high beam on override
state 3706. Microcontroller 1105 will then leave the high
beam on manual override state 3706 based on the criteria
discussed above.

If microcontroller 1105 is operating in the automatic
control state with the high beams off (state 3704) and the
user manually activates the flash-to-pass column switch,
microcontroller 1105 will move to state 3710 by which the
high beams are turned on in a flash-to-pass state. The high
beams will remain on so long as the user holds the column
switch in the flash-to-pass position. Once the user releases
the flash-to-pass column switch, microcontroller 1105 will
return to the automatic mode with the high beams off (state
3704). If the microcontroller is in the automatic control
states with the high beams already on (state 3702), at such
time that the user activates the flash-to-pass column switch,
the high beams will remain on in state 3710 so long as the
user holds the column switch in the flash-to-pass position.
However, once the user releases the column switch, micro-
controller 1105 returns to state 3704 rather than state 3702
so as to turn the high beams off. If conditions warrant,
headlamp controller 1105 will turn the high beams back on
undcr automatic control.

Other features that may be implemented would allow the
automatic headlamp controller to gradually fade the bright-
ness of the headlamps at such time that the headlamp switch
3412 is turned to an off position or if the vehicle ignition is
turned off. Alternatively, the headlamp controller may fade
the headlamps a designated time after it is detected that all
occupants (or just the driver) have exited the vehicle. Such
fading provides the benefits of illuminating the area in which
the vchicle occupants will cxit the vchicle. By fading the
lights in this manner, rather than leaving the lights on in their
full brightness states for a fixed time period, it is less likely
an observer would suggest to the driver or other occupants
that they had left their vehicle lights on since that observer
would be able to see the fading of the headlamps during such
time period.

Referring back to FIG. 34, an instrument control panel
module 3424 may be coupled to vehicle bus 3402. An
indicator 3426 may bc coupled to instrument pancl control
module 3424 so as to receive control signals from micro-
controller 1105 over vehicle bus 3406. Typically, vehicles
have had a single indicator, often a blue light, which is
activated when the vehicle’s high beams are in an on state.
Such single indicator, however, does not provide a user with
any feedback as to the relative brightness of the high beams
when they are controlled automatically by a headlamp
controller to have various intermediate brightness levels. To
provide such feedback, the system may be configured such
that indicator 3426 has a brightness that varies in proportion
to the brightness level of the headlamps. Such variance may
be along a continuum or may change in noticeable incre-
mental steps. The brightness of indicator 3426 may also be
doubled or increased significantly when the headlamps are
in a high beam state as a result of manual activation of the
high beams so as to provide the user with a clear indication
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that the system has appropriately responded to such manual
activation. Another alternative indication scheme is to have
the indicator change color as a function of the brightness of
the headlamps. Yet another indication scheme is to configure
indicator 3426 to include a scale that indicates a relative
brightness of the headlamps. Such a scale may be provided
as a multi-segmented display, such as the exemplary display
shown in FIG. 38 in which the number of segments that are
illuminated correspond to the relative brightness of the
headlamps. Thus, for example, headlamp icon segment 3802
may be illuminated at all times that the headlamps are on and
the various segments 3804-3812 are independently acti-
vated with the increasing brightness level of the headlamps.
In addition, the color of the indicator shown in FIG. 38 may
change to indicate manual activation or operation in either
the manual or automatic modes or to indicate operation of
the low beams, DRIs, fog lamps, etc. Another way to
indicate to the driver that the headlamp controller is oper-
ating in an automatic control mode is to provide an indicator
light in the auto/manual select switch 3415 such that when
the user depresses the auto/manual select switch 3415, a
light within or near by the switch is activated. Other indi-
cation techniques known in the art may similarly be utilized.

As discussed above, the vehicle headlamps may be oper-
ated in a super-high beam state in accordance with the laws
of the various countries in which the vehicle may be used.
Such super-high beams have been proposed to have an
intensity of greater than 75,000 cd at 0° vertical and hori-
zontal. Such super-high beams have been approved for use
in Europe and found to be beneficial. In the event the vehicle
is equipped with this capability and the appropriate
headlights, the control circuit may control the super-high
beams to be activated when it detects that the vehicle is
above a predetermined speed level. In this manner, the
super-high beams can most typically only be activated when
the vehicle is operated on an expressway.

Additionally, if such super-high beams are provided, the
system may be programmed to have increased sensitivity to
light sources detected forward of the vehicle. The super-high
beams may also be faded as light sources are detected as
coming closer to the vehicle.

As shown in FIG. 34, microcontroller 1105 may bc
coupled to a GPS receiver 3450 via vehicle bus 3406.
Microcontroller 1105 may receive information from GPS
receiver 3450 that is indicative of the location and possibly
the direction of travel of the vehicle. GPS receiver 3450 may
be part of a navigation system or may be part of any other
system in the vehicle. The GPS receiver and antenna may be
mounted to the rearview mirror assembly as disclosed in
commonly assigned U.S. Pat. No. 6,166,698, the entire
disclosure of which is incorporated herein by reference.

The information received from GPS receiver 3450 may be
in a form that already identifies the location and direction of
the vehicle or it may be in the form of information received
directly from the satellites from which the location would
need to be computed by microcontroller 1105. If GPS
receiver 3450 is part of a navigation system, the navigation
system may process the information from the GPS receiver
and provide exactly the information needed by microcon-
troller 1105. Such information may include, for example, an
indication whether or not the road that the vehicle is cur-
rently traveling on is a residential road, a divided highway,
or an expressway. Microcontroller 1105 may then utilize this
information to control the exterior lights on the vehicle.
Specitfically, microcontroller 1105 may prevent actuation of
the vehicle high beams or the super-high beams when the
vehicle is traveling on a residential road. Microcontroller
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1105 may also disable the super-high beams except when the
vehicle is traveling on a divided highway or expressway.
The location of the vehicle may also be utilized to auto-
matically enable or disable the super-high beams based upon
a determination of whether the vehicle is located in a
country, state, or municipality that permits (or prohibits) the
usc of such supcr-high beams. Additionally, the location of
the vehicle may be used to determine whether the vehicle is
presently driving in a region where vehicles are driven on
the left hand side of the road or in a region where vehicles
are driven on the right hand side of the road.

Led Headlamps for Headlamps Steering and
Headlamp Flashing

It has long been considered to be desirable to provide
headlamps that can be steered in the direction that the
vehicle is turning. It is also desirable to provide forward
lighting that can be turned OFF, or substantially attenuated,
for such a short period of time that the driver does not notice
that the lights are OFF. In this way, reflections do not exist
during image acquisition. Although a light emitting diode
(LED) lamp can be used to provide these features in a
cost-effective manner, LED lamps producing enough light to
implement a vehicle headlamp are not commercially avail-
able. LEDs suffer from a number of disadvantages that limit
their application in vehicle headlamps, not the least of which
are the relatively small amounts of light produced by LEDs
and manutacturability limitations when incorporating LEDS
having exotic constructions. Because of these
disadvantages, LED lamps have not been used to implement
a vehicle headlamp despite the fact that LEDs are more
rugged, more energy efficient, and significantly longer last-
ing than other light tcchnologics. Additionally, mcans of
producing white light from LEDS have only recently
become practical as discussed in U.S. Pat. No. 5,803,579,
entitled ILLUMINATOR ASSEMBLY INCORPORATING
LIGHT EMITTING DIODES, issued to John K. Roberts et
al. on Sep. 8, 1998, the disclosure of which is incorporated
herein by reference.

An LED headlamp 2600 is disclosed in FIGS. 26a and
26b. The LED headlamp can be used to very briefly flash
OFF, or dim, thc hcadlamps during an imagc-sampling
interval. The LED headlamp 2600 includes a heat extraction
member 2601 that serves as a support for mounting semi-
conductor optical radiation emitters 2603, 2605. Where the
semiconductor optical radiation emitters 2603, 2605 are
electrically connected to the heat extraction member, the
heat extraction member provides an electrical connection to
the semiconductor optical radiation emitters in addition to
providing a thermal path for removing heat generated within
the semiconductor optical radiation emitters during opera-
ton. It is envisioned that the emitlers 2603, 2605 can be
electrically isolated from the heat extraction member such
that the heat extraction member only provides a thermal
path. Each of the emitters 2603 is connected to electrical
conductor strip 2607 through a wire bond 2609 and a resistor
2611. Each of the emitters 2605 is connected to electrical
conductor strip 2613 through a bonding wire 2615 and a
resistor 2617.

The heat extraction member 2601 may be constructed of
any suitable material, and may be [ormed in any desired
configuration. The front face of the illustrated heat extrac-
tion member is generally rectangular in shape, including 33
wells, each of which receives semiconductor optical radia-
tion emitters 2603, 2605. The back of the heat extraction
member includes fins 2621 that provide a large surface for
thermal dissipation to the ambient air. It is envisioned that
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the heat extraction member may alternatively have other
configurations which enable light steering, such as being
generally convex, shaped like a portion of a cylinder side
wall, an elongate bar to extend across the front of the
vehicle, or a plurality of joined planar surfaces extending at
ditferent angles, or the like. The heat extraction member can
be chamfered, or otherwise contain extensions, slots, holes,
grooves and the like, and may incorporate depressions such
as collimating cup or other form to enhance optical perfor-
mance. The illustrated heat extraction member includes
clliptical cups 2602. The hcat cxtraction member may be
composed of copper, copper alloys such as beryllium,
aluminum, aluminum alloys, steel, or other metal, or alter-
natively of another high thermal conductivity material such
as ceramic. Preferably, the heat extraction member is con-
structed from an electrically and thermally conductive
metal. Such materials are commercially available from a
wide variety of sources.

The cups 2602 are formed in the top surface of the heat
extraction member for receipt of the semiconductor optical
radiation emitters. The illustrated cups 2602 are elliptical to
accommodate two emitter chips 2603, 2605 side-by-side.
However, the cups may be of any suitable shape such as
round, elliptical, rectangular, square, pentagonal, octagonal,
hexagonal, or the like. The elliptical cups have the advantage
of accommodating more than one emitter while providing an
efficient reflector for projecting light outwardly in a desired
radiation pattern. It is envisioned that the region of the heat
extraction member directly underlying the point of attach-
ment of the semiconductor optical radiation emitler may be
coated with nickel, palladium, gold, silver or other material
including alloys, in order to enhance the quality and reli-
ability of the die attach. Other thin-layered materials may be
optionally inserted between the emitter and the heat extrac-
tion member to achieve a variety of desired effects without
departing from the scope and spirit of the present invention.
The material preferably provides an electrical connection
between the emitters and the heat extraction member
whereby the heat extraction member can provide a reference
potential, which may for example be ground potential. The
materials are preferably adhesive, electrically insulative, and
cither conductive or patterned composite of clectrically
insulative and conductive materials, and without signifi-
cantly impeding thermal transfer, may be used to support,
bond, electrically connect or otherwise mount to the emitter
to the heat extraction member. The region of the heat
extraction member within optical-enhancement cup feature
may be coated with silver, aluminum, gold or other suitable
material to increase reflectance and improve the optical
efficiency of the device. The area outside of the encapsulant
may be coated with nichrome, black oxide or other high
emissivily treatment Lo improve radiative cooling.

The connection of the semiconductor optical radiation
emitter is preferably by the use of a special type of electri-
cally conductive adhesive die-attach epoxy. These adhesives
normally achieve good electrical conductivity by inclusion
metallic fillers such as silver in the adhesive. Suitable
die-attach adhesives are well known in the art and may be
obtained from Quantum Materials of San Diego, Calif., from
Ablestik division of National Starch and Chemical, and
EpoTek of Billerica, Mass. Alternatively, solder may be used
as a means of attaching the LED chip to the heat extraction
member in some embodiments. Whether attached by elec-
trically conductive adhesive or solder, the bond establishes
good electrical and thermal conductivity between the emitter
and the heat extraction member. In the case where the
emitters having electrodes manifest as conductive bond pads
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at the top of the LED chips rather than at their base, the
electrical attachment of all of the electrodes is by wire bond
rather than by die attach to the heat extraction member.

The semiconductor optical radiation emitters comprise
any component or material that emits electromagnetic radia-
tion having a wavelength between 100 nm and 2000 nm by
the physical mechanism of electroluminescence, upon pas-
sage of electrical current through the material or component.
For purposes of generating head light illumination, different
emitters can be used in the wells to generate the light, such
as: all amber cmitters the wells; or amber and cyan cmitters
positioned in each of the wells; or red-orange and cyan
emitters placed in each of the wells; or cyan and amber
emitters placed in some of the wells and red-orange and cyan
emitters in other wells; phosphorous emitters in each of the
wells; or the like. It is envisioned that four out of the five
wells can have blue-green and amber emitters and one in five
wells can have red-orange and amber emitters. Such an
arrangement will produce a white light for illuminating the
path of the vehicle.

The semiconductor optical emitter may comprise a light
emitting diode (T.ED) chip or die as are well known in the
art, light emitting polymers (LEPs), polymer light emitting
diodes (PLEDs), organic light emitting diodes (OLEDs) or
the like. Such materials and optoelectronic structures made
from them are electrically similar to traditional inorganic
materials known to those skilled in the art, and are available
form a variety of different sources. Semiconductor optical
radiation emitter, or emitter, as used herein refers to each of
these and their equivalents. Examples ol emilters suitable
for headlamps include AlGaAs, AllnGaP, GaAs, GaP,
InGaN, SiC, and may include emissions enhanced via the
physical mechanism of fluorescence by the use of organic or
inorganic dies or phosphors. LED chips suitable for use in
the present invention are made by companies such as
Hewlett-Packard, Nichia Chemical, Siemans
Optoelectronics, Sharp, Stanley, Toshibe, Lite-On, Cree
Research, Toyoda Gosei, Showa Denko, Tyntec, and others.
Such chips are typically fashioned approximately in square
base between 0.008" and 0.016" long on each side, a height
of about 0.008" to 0.020". To implement the headlight, a
larger chip having a squarc basc larger than 0.020" may be
used, and in particular it is advantageous to have a size
greater that 0.025" to 0.035" to generate light. An array of
such emitters mounted to a substantial heat sink permits an
LED lamp to generate sufficient light to operate as a vehicle
headlight. Details of an emitter that can be used can be found
in U.S. patent application Ser. No. 09/426,795, filed on Oct.
22, 1999, entitled SEMICONDUCTOR RADIATION
EMITTER PACKAGE, by John K. Roberts et al., the
disclosure of which is incorporated herein by reference. An
electrical path for supplying control signals to the emitters is
provided through conductors. The conductors are electrical
strips applied to a surface of an insulative layer. The insu-
lative layer being mounted to the top surface of the heat sink.
The insulative layer may be a circuit board including open-
ings over the cups, or it may comprise an epoxy or plastic
layer. The conductor may be any suitable electrically con-
ductive material such as copper, aluminum, an alloy, or the
like, and may advantageously comprise circuit traces
applied to the insulating material by conventional means.
The circuit traces disclosed in FIG. 26a illustrate a pattern
that may be used where separate supply is provided for the
different emitters.

An encapsulant is a material or combination of materials
that serves primarily to cover and protect the semiconductor
optical radiation emitter and wire bonds. The encapsulant is
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transparent to wavelengths of radiation. For purposes of the
present invention, a substantially transparent encapsulant
refers to a material that, in a flat thickness of 0.5 mm,
exhibits greater than 20% total transmittance of light at any
wavelength in the visible light range between 380 nm and
800 nm. The encapsulant material typically includes a clear
epoxy or other thermoset material, silicone or acrylate.
Alternatively, the encapsulant may conceivably include
glass or thermoplastic such as acrylic, polycarbonate, COC
or the like. 'The encapsulant may include materials that are
solid, liquid or gel at room temperature. The encapsulant
may include transfer molding compounds such as NT 300H,
available form Nitto Denko, or potting, encapsulation or
other materials which start as a single part or multiple parts
and are processed with a high temperature cure, two part
cure, ultra-violet cure, microwave cure, or the like. Suitable
clear encapsulants may be obtained from Epoxy Technology
of Billerica, Mass., from Nitto Denko America, Inc., of
Fremont, Calif., or from Dexter Electronic Materials of
Industry, Calif.

The encapsulant may provide partial optical collimation
or other beam formation of electromagnetic energy emitted
by the emitter and or reflected by the surface of heat
extraction member. The encapsulant also serves as a chemi-
cal barrier, sealant, and physical shroud providing protection
of emitters, internal adhesives such as bonds, bond pads,
conductor wires, wire bonds and internal surfaces of heat
extraction member and electrical leads from environmental
damage due to oxygen exposure, exposure to humidity or
other corrosive vapors, solvent exposure, mechanical abra-
sion or trauma, and the like. Encapsulant provides electrical
insulation. Encapsulant may also provide for attaching or
registering to adjacent components such as secondary optics,
support members, secondary heat extractors, and the like.

The encapsulant may comprise a heterogeneous mass of
more than one material, wherein each material occupies a
portion of the overall encapsulant volume and provides a
specialized function or property. For example, a stress
relieving gel such as a silicone “glob top” may be placed
over the emitter and wire bonds. Such a localized siress
relieving gel remains soft and deformable and may serve to
cushion the emitter and wire bonds from stress incurred
during subsequent processing of the component or due to
thermal expansion to shock. A hard molding compound such
as an epoxy, may then be formed over the stress relieving gel
to provide structural integration for the various features of
the component, to retain the electrical leads, to protect the
internal mechanisms of the component from environmental
influences, to electrically insulate the semiconductor radia-
tion emitters, to provide various optical moderation of
radiant energy emitted by the emitter if desired.

Additionally, the filler used within the stress relieving gel
may advantageously include a high thermal conductivity
material such as diamond powder. Diamond is a chemically
inert substance with an extremely high thermal conductivity.
The presence of such a material may significantly increase
the thermal conductivity of the gel and provide an additional
path for heat generated in the emitter chip to reach the heat
extraction member and ambient environment where it can be
dissipated. Such additional heat extraction path will increase
the efficiency of the emitter, and thus the light output of the
lamp. The encapsulant, and manufacture of a device using
such an encapsulant is described in greater detail in U.S.
patent application Ser. No. 09/426,795, incorporated by
reference hereinabove.

A steerable light emitting diode headlamp 2700 is illus-
trated in FIG. 27. The headlamp includes a heat extraction
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member 2701 having two lamp sections 2703 and 2705. The
heat extraction member 2701 is configured to include the
two lamp sections 2703 and 2705 each of which is substan-
tially identical to lamp 2601, presenting two front faces at an
angle of 50 to 45°, and may advantageously be angled at
approximately 15°.

Another alternative design for a headlamp for providing
low and high beams is illustrated in FIG. 28. The headlamp
2800 includes a heat extraction member 2801 having two
lamp sections 2803 and 2805. The heat extraction member
2801 is configured to include the two lamp sections 2803
and 2805, each of which is substantially identical to lamp
2601. The heat extraction member provides two front faces
at an angle of 1° to 2°, and may advantageously be angled
at approximately 1.5°. The angle is exaggerated in FIG. 28
so that the angled surfaces are readily visible.

By controlling the selection of the LEDs that are
illuminated, the headlights can be aimed. It is also envi-
sioned that the front of the car can have LED chips posi-
tioned in a bar running across the front grill.

Whereas the above embodiment takes advantage of
directly mounting a number of chips on a common heat sink,
it is also envisioned that an array of discrete LED lamps can
be used to implement an LED headlamp 2650 (FIGS. 26¢
and 26d). Each discrete LED lamp preferably includes a heat
extraction member for dissipating power generated by the
emitlers Lo obtain a brighter light level without damaging the
LED components. A particularly advantageous high power
LED lamp which is uniquely adapted for conventional
manufacturing processes is disclosed in U.S. patent appli-
cation Ser. No. 09/426,795, entitled SEMICONDUCITOR
RADIATION EMITTER PACKAGE, filed on Oct. 22,
1999, by John K. Roberts et al., the disclosure of which is
incorporated herein by reference. Other LED lamps that
could be used are commercially available from LED manu-
facturcrs such as Hewlctt Packard Company.

The LED lamps 2650 (only some of which are numbered)
are mounted to a circuit board 2652 and heat sink 2654 (FIG.
26d). The circuit board can provide a secondary heat sink,
where the conductive layer 2660 of the circuit board
exposed to ambient air, by thermally coupling the heat
extraction member 2664 of each LED lamp to the conduc-
tive layer 2662 of the circuit board. The heat extraction
member of the LED lamp is also thermally coupled to the
heat sink 2654. In the illustrated embodiment of FIGS. 26¢
and 26d, the thermally conductive material 2670 is posi-
tioned in a hole through the circuit board below the heat
extraction member. The thermally conductive material is
thicker than the circuit board, and resilient. For example, the
thermally conductive material can be provided using a
preformed thermal coupler such as a silicon based, cut
resistant material commercially available from Bergquist,
and identified as Silipad 600. Packages for LED lamps using
the heat cxtraction member arc disclosed in U.S. patent
application Ser. No. 09/425,792, entitled INDICATORS
AND ILLUMINATORS USING A SEMICONDUCTOR
RADIATION EMITTER, filed on Oct. 22, 1999, by John K.
Roberts et al., the disclosure of which is incorporated herein
by reference thereto.

Where red-green-blue or binary complementary lighting
is used, it is envisioned that only selected chips will be
flashed OFF when attempting to distinguish reflective
objects from lamps. Thus, for binary complementary
emitters, only amber emitters need to have a briefly reduced
intensity. Additionally, it will be recognized that instead of
turning the headlamps OFF, the light level can be reduced to
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a level at which reflections will be below the pixel threshold
at which the image sensor assembly will detect an object.

Other LED device/component structures that may be
employed are disclosed in commonly assigned U.S. Provi-
sional Application No. 60/265487 entitled HIGH POWER
RADIATION EMITTER DEVICE AND HEAT DISSIPAT-
ING PACKAGE FOR ELECTRONIC COMPONENTS,
filed on Feb. 1, 2001, by John K. Roberts et al. and in
commonly assigned U.S. Provisional Application No.
60/265489 entitled RADIATION EMITTER DEVICES
AND METHOD OF MAKING THE SAME, filed on Jan.
22, 2001, by John K. Roberts et al.

Surface Mounted Filter for Sensor

A method by which a filter can be directly deposited onto
a semiconductor light sensor 201 will now be described with
respect to FIGS. 294 through 29d. In the first step, a
photoresist 2877 is deposited over the entire wafer 2972.
‘I'he photoresist may be any suitable commercially available
photoresist material. Portions of the photoresist may be
removed such that the remaining photoresist 2877 is pat-
terned to cover only those areas on the surface of the wafer
requiring protection from the optical coating deposition,
such as the bonding pad 2975, as shown in FIG. 29b. The
optical film coating 2979 is then applied to the surface of the
die 2972 as shown in FIG. 29c.

The thin film 2979 is deposited directly on the light sensor
2932 in multiple layers. The red and cyan filters, if red and
cyan filters are desired, will be applied separately. An
example of a cyan filter will be now be described. 1o make
a cyan filter, the layers of titanium dioxide (TiO,) and silicon
dioxide (Si0,) described in Table 1 can be used. To make a
red filter, the layers described in Table 2 can be used. The
layer number is the order in which the material is applied to
the wafer surfacc.

TABLE 1
Laycr Matcrial Thickness (nm)
1 Si0, 170
2 TiO, 124
3 Si0, 10
4 TiO, 134
5 Si0, 160
6 TiO, 79
7 Sio, 164
8 110, 29
9 Sio, 168
10 TiO, 68
11 Sio, 164
12 TiO, 33
13 Sio, 163
14 TiO, 69
15 sio, 154
16 TiO, 188
17 Sio, 148
18 TiO, 88
19 Sio, 319
TABLE 2
Layer Material Thickness (nm)
1 TiO, 68
2 sio, 64
3 TiO, 35
4 Sio, 138
5 TiO, 57
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TABLE 2-continued

Tayer Material Thickness (nm)
6 SiO, 86
7 TiO, 50
g sio, 78
9 TiO, 73

10 Sio, 94
11 TiO, 54
12 Sio, 89
13 TiO, 52
14 Sio, 87
15 TiO, 50
16 Sio, 74
17 TiO, 28
18 SiO, 61
19 TiO, 49
20 SiO, 83
21 TiO, 48
22 SiO, 78
23 TiO, 48
24 SiO, 91

After all of the layers are deposited, the photoresist is
lifted off using a conventional lift process, leaving the film
deposited over the light sensitive region, but not over the
bonding pads, as shown in FIG. 29d. The resulting dic can
be encapsulated to provide the image array sensor in con-
ventional packaging.

The characteristics of the filters produced according to
Table 1 and Table 2 are illustrated in FIGS. 30 and 31. In
particular, the red filter will attenuate light below 625 nm
whereas the blue [(ilter will pass light between approximately
400 nm and 625 nm. Both filters will pass light above 800
nm. An infrared filter can be utilized to reduce the effect of
infrared light on the performance of the headlight dimmer.

Those skilled in the art will recognize that the filters
described herein arc exemplary, and other filters, materials,
or material thickness could be used to implement the filter
function. Other materials could be applied in a similar
manner to provide these or other filter characteristics.

Those skilled in the art will also recognize that the layer
thicknesses are rounded to the nearest nanometer. Although
there will be some tolerance permitted, good precision in the
stack construction is required. It will also be recognized that
the layer thicknesses are exemplary. By surface mounting
the filters, the cost of providing the image sensor can be
greatly reduced, as components and manufacturing com-
plexity are reduced. Additionally, an infrared filter can be
applied as a coating between the pixels and the red and blue
filters.

Package

An alternate optical sensor assembly 3200 is disclosed in
FIG. 32. Optical sensor assembly 3200 includes a base
substrate 3202, which is transparent. The substrate may be
manufactured of any suitable material such as a transparent
polymer, glass, or the like. Alternately, it is envisioned that
the base substrate may be manufactured of a commercially
available infrared interference filter such as those described
hereinabove. Alternatively, a thin film filter may be attached
to a transparent glass element to make the base substrate
3202.

The lower surface of the base substrate has conductive
strips 3210 for connection to the image array sensor 3212.
The base substrate is preferably an electrical insulator,
whereby the strips can be any suitable electrically conduc-
tive material applied directly to the lower surface of the base
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substrate by conventional manufacturing processes.
Alternatively, if the base substrate is an electrical conductor,
the strips can be applied to an electrical insulator, which is
in turn applied to the base substrate.

The image array sensor 3212 is flip chip bonded to the
lower surface of the base substrate 3202 by soldering pads
3211. A dielectric material 3214, such as an epoxy, encloses
the image array sensor. The dielectric material preferably
bonds with the conductive strips 3210 and the transparent
element 3202. Clips 3204 and 3206 clip onto the edges of the
base substrate and make electrical contact with respective
conductive strips 3210. A respective clip can be provided for
each of the conductive strips 3210. Leads 3213, 3215 extend
from the clips for insertion into support substrate 3201,
which can be a printed circuit board, a housing, or the like.
The support substrate is preferably a printed circuit board
carried in a housing, such as a rearview mirror mount
housing. The stops 3205, 3207 limit the length of the leads
that can be inserted into the support substrate. Alternatively,
the clips can be configured for surface mounting. Examples
of surface mountable clips include NAS Interplex Edge
Clips, from NAS Interplex, an Interplex Industries Company
located in Flushing, N.Y., USA.

Packages for mounting the image array sensor are
described in U.S. Pat. No. 6,130,448, OPTICAL SENSOR
PACKAGE AND METHOD OF MAKING THE SAME,
filed on Aug. 21, 1998, by Fred Bauer et al., the disclosure
of which is incorporated herein by reference.

The assembly of the lens to the base substrate can be
provided in the same manner as described hereinabove. In
particular, the lens structure is carried on the base substrate
3202. The lens structure can be identical to the lens structure
202, and thus can be half clear and half red, or half cyan and
half red, or entirely clear where a color filter is applied
directly to the surface of the image sensor as described
above with respeet to FIGS. 29a-29d. To make the lens
assembly, a transparent member and a UV curable adhesive
can be used. The transparent member can be an epoxy
member like members 230, 802. The UV curable adhesive
can be identical to adhesive 232.

Radar

A wave transceiver 101 (FIG. 1) can be used to acquire
additional intelligence usable for controlling the operation of
the controlled vehicle 100. The wave transceiver can be used
without the image array sensor 102, or it can be used with
the image array sensor. The wave transceiver device 101 is
mounted on a vehicle 100 and oriented in a generally
forward direction. The wave transceiver device 101 is posi-
tioned to reccive the reflections of waves cmitted by the
transceiver device after they have reflected off objects in
front of the vehicle 100. The wave-emitting device may be
a radar system operating, for example, in a frequency range
exceeding 1 GHz (77 GHz is designated for vehicular radar
in many European countries) or an optical radar utilizing, for
example, laser diodes for the wave-emitting device.
Alternatively, the wave-emitting device 101 may be an
ultrasonic transducer emitting ultrasonic waves. The wave-
emitting device may be scanned across the forward field to
cover various angles. For the purposes ol this invention, the
term “radar” will be used to encompass all of these concepts.
The wave transceiver should not be interpreted as being
limited to any specific type or configuration of wave trans-
mitting or wave receiving device. The transmitter and
receiver may each be mounted within a different respective
housing or they both may be mounted in a common housing.
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A radar processing system 3300 (FIG. 33) controls the
wave transmitting section 3301, 3302 and interprets the
signal received by the wave receiving section 3304, 3305 to
determine the presence of objects as well as the speed and
direction of such objects. A headlamp controller 3303
receives target information from the radar processing
system, and may optionally also receive signals from the
vehicle speed sensor (such as a speedometer) and a vehicle
direction sensor (such as a compass) and generates a control
signal which determines the state of the vehicle headlamps
111. The communication between the radar processing
system, the vehicle speed sensor, the vehicle direction
system and the vehicle headlamps may be by one of many
mechanisms including direct wiring through a wiring har-
ness or by a vehicle communication bus such as the CAN
bus. Additionally, systems such as the radar processing
system and the headlamp controller may be implemented by
a single integrated processor, multiple processors, digital
signal processors, microcontrollers, microprocessors, pro-
grammable logic units, or combinations thereof.

More particularly, the system contains a radar system that
includes a wave transmitting section and a wave receiving
section. The wave transceiver 101 includes an emitter 3301
and a receiver 3304. The transmiller may be implemented
using an antenna for a conventional radar, a light source for
optical radar, an ultrasonic emitter, an antenna system for a
Doppler radar system, or the like. The receiver 3304 may be
implemented using an antenna in a conventional radar
system, a light receiving element in an optical radar system,
an ultrasonic receiver, a wave guide antenna in a Doppler
radar system, or the like. A driver 3302 is connected to the
emitter 3301 to condition signals from controller 3303 so
that cmitter 3301 produccs signals, which, when refleeted,
can be detected by the receiver 3304. The driver 3302 may
be implemented using a pulse modulator, a pulse shaper, or
the like. The receiver 3304 is connected to a conditioning
circuit 3305 which conditions the signals detected by the
receiver for further processing by controller 3303. The
conditioning cirucit may include a demodulator, a filter, an
amplifier, an analog-to-digital converter (ADC), combina-
tions thereof, and the like. The controller 3303 may be
implemented using a microprocessor, a digital signal
processor, a microcontroller, a programmable logic unit,
combinations thereof, or the like.

The operation of radars to determine the presence of
objects relative to a vehicle are well known, and will not be
described in greater detail hereinbelow. For example, the
time between the transmitted wave and the detection of the
reflected wave may be used to determine the distance of an
object. The movement of an object over successive
transmission/reception cycles may be used to determine an
object’s relative speed and direction. Doppler radar may also
be used to determine the objects speed. The magnitude of the
reflected wave may be used to determine the size or density
of the detected object. Operation of radars is well known,
and will not be described in greater detail herein.

In order to properly control the high beam state of the
controlled vehicle 100 it is necessary to determine if an
object detected by the radar is a vehicle or a stationary object
and, if a vehicle, whether the vehicle is an oncoming vehicle
105 or preceding vehicle 110. This can be accomplished by
comparing the speed and direction of the object with the
speed and direction of the controlled vehicle 100. The speed
and direction of travel of the object is obtained using the
radar principles described above. The speed of the controlled
vehicle 100 may be obtained from a speed sensor on the
vehicle, a global positioning system (GPS) system, or the
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like. The direction of the control vehicle 100 may be
obtained from a compass sensor, a steering wheel turn
indicator, a GPS, or the like.

Once this information is obtained, a simple set of criteria
is applied to determine if the object is a vehicle or a
stationary object. If an object is stationary, it will be moving
in a direction opposite the controlled vehicle 100 at the same
speed as the controlled vehicle. If an object is an oncoming
vehicle 105, it will be traveling in a direction approximately
opposite the controlled vehicle 100 at a speed substantially
faster than that of the controlled vehicle. Finally, if an object
is not moving relative to the controlled vehicle or the object
is moving at a rate substantially slower than the controlled
vehicle, the object is likely a preceding vehicle 1110. The
distance at which the high beams are dimmed may be a
function of the speed of the controlled vehicle and may be
a function of the angle between an axis straight forward of
the controlled vehicle 100 and the oncoming vehicle 105 or
preceding vehicle 110.

In a more advanced system the headlamp control system
not only controls the high/low beam state of the headlamps
3311, 3312 and high beam lamps 3314, 3315 based on the
presence of one or more vehicles, but may vary the bright-
ness of the high beam headlamps and low beam headlamps
to provide a continuous transition between the two beams as
a function of the distance to the nearest other vehicle, thus
maximizing the available luminance provided to the driver
of the controlled vehicle without distraction to the other
driver. A continuously variable headlamp system is dis-
closed in U.S. Pat. No. 6,049,171 entitled CONTINU-
OUSLY VARIABLE HEADLAMP CONTROL, filed on
Sep. 18, 1998, by Joseph S. Stam et al., the disclosure of
which is incorporated hercin by reference. The system may
also vary the aim of the controlled vehicle headlamps in the
vertical direction. The system may be configured to transi-
tion between more than two beams or may be configured to
perform a combination of aiming and varying the brightness
or one or more lamps. The headlamp processing system may
also use the vehicle direction input to determine the proper
horizontal aim of the headlamps to provide better illumina-
tion when traveling on curves. An LED headlamp that
facilitates aiming is described above.

A light sensor 3320 can be used to detect ambient light
levels and may optionally provide other light conditions.
The light sensor may be implemented using a non-imaging
sensor such as a silicon photodiode, a particularly advanta-
geous photodiode disclosed in U.S. patent application Ser.
No. 09/237,107, entitled PHOTODIODE LIGHT SENSOR,
filed by Robert Nixon et al., the disclosure of which is
incorporated herein by reference, although other non-
imaging photocells could be used such as cadmium sulphide
(CdS) cells, or the like. The light sensor 3320 can be
alternately be implemented using an optical image sensor
102 in addition to, or instead of, a non-imaging light sensor.

The optical system may contain filters to determine the
color of a light source. The combination of an optical system
with a radar system may better overcome the limitations
present if only one or the systems are used independently.
For example, if a radar system is used independently of an
imaging system, an oncoming or preceding vehicle waiting
al an intersection would be perceived by the radar system as
a stationary object. However, by combining an optical
sensor with the radar system, the lights on the waiting
vehicle would indicate that a vehicle is present and the radar
can determine the actual distance to the vehicle. In general,
if an optical system is used, the optical system may be used
to determine the presence of oncoming or preceding vehicles
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and the radar system may be used to determine the actual
distance to such oncoming or preceding vehicle as well as
the speed of that vehicle. In this manner, the radar detector
and the imaging sensor can be used to verify the presence of
other objects. Additionally, the light sensors can be used to
determine light conditions, such as ambient light levels.

The presence of the radar system on the vehicle may
enable other features other than headlamp control to be
implemented utilizing the same components as the headlamp
radar, thus reducing the cost of the two systems combined.
Such system may include, for example, adaptive cruise
control, obstacle warning systems, collision avoidance
systems, autonomous driving systems, or the like. In this
case, the wave transmitting section, wave receiving section,
and radar processing systems could be shared by all features
while each feature has its own processing system for deter-
mining a course of action based upon the information
received from the radar processing system. It is also possible
to integrate the processing systems from each feature into a
single processor.

A radar system is described in U.S. patent application Scr.
No. 09/531,211, entitled AUTOMATIC HEADLAMP CON-
TROL SYSTEM, the disclosure of which is incorporated
herein by reference.

Mirror Mount Accessory Housing

A preferred mounting structure for mounting the head-
lamp dimmer system of the present invention is shown in
FIGS. 41-49. As illustrated, this structure includes a mount
4101 having a slot 4103 for receiving a mounting puck (not
shown) that is adhesively secured to the vehicle windshield.
An aperture 4105 is formed in mount 4101 and opens into
slot 4103 to allow a mount screw 4107 to extend through
aperture 4105 and engage a surface of the mounting puck so
as to securely hold mount 4101 on the puck and thus on the
vehicle windshield. Mount 4101 includes a ball 4109 to
which the socket of a mirror mounting stem (not shown)
may be secured in conventional fashion. The mounting stem
may be secured to a similar ball extending from the rearview
mirror housing or the stem may include a ball for engaging
a socket formed in the mirror housing body.

As described in more detail below, a mirror mount acces-
sory housing 4111 is secured to mount 4101 and includes a
housing cover 4113 consisting of a right half portion 4113a
and a left half portion 4113b. As best shown in FIG. 44,
mount 4101 includes a plurality of laterally extending pegs
4115, which are inserted in corresponding holes 4117 pro-
vided in housing cover portions 4113¢ and 4113b.
Additionally, housing cover portions 4113a and 4113b
include resilient tabs 4119, which extend through a pair of
slots 4121 on mount 4101 to securely hold housing cover
4113 on mount 4101. Housing cover portions 4113a and
41135 further include a plurality of tabs 4123 and a plurality
of slotted tongues 4125, which snap together to thereby hold
together portions 4113a and 4113b. Housing portion 4113a
includes a forward facing aperture 4127 in which a glass
filter 4129 may be mounted. As cxplained further below,
aperture 4127 and glass filter 4129 provide a window
through which the inventive camera senses images.

The inventive mirror mount accessory housing structure
further includes a baffle/printed circuit board (PCB) holder
4130 (also generally referred to herein as a support
structure) that is adjustably mounted to mirror mount 4101
and contained within housing cover 4113. As shown in FIG.
44, baffle/PCB holder 4130 includes a pair of slots 4133 for
engaging laterally extending pins 4135 on mirror mount
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4101. Baffle/PCB holder 4130 further includes a pair of
elongated slots 4137 through which screws 4139 are
inserted. Screws 4139 extend through slots 4137 and are
threadably engaged in holes 4141 provided in mount 4101.
By providing slots 4137 as elongated apertures, the tilt of
baffle/PCB holder 4130 may be selectively adjusted relative
to mount 4101. Such tilt adjustability is desirable given the
variance of the slope of vehicle windshields from one model
to another. As discussed further below, the image sensor and
its associated circuit board is securely mounted to
baffle/PCB holder 4130, and thus, the image sensor tilt
relative to the vehicle windshield may be adjusted by
adjusting the tilt of baffle/PCB holder 4130.

As illustrated in FIG. 44, baffle/PCB holder 4130 includes
a ballle 4143 similar to the ballle discussed above. A forward
end of baffle 4143 is positioned proximate aperture 4127 and
glass filter 4129 while an image sensor 4145, which includes
image chip 201, encapsulation block 230, UV cure epoxy
232, lens 202, and an aperture stop 203, as shown in FIG.
2a), extends into the opposite and rearward end of baffle
4143. Image sensor 4145 is mounted on a PCB 4147 having
a connector 4149 mounted thereon. Also mounted on PCB
4147 is an image sensing die (not shown), which functions
as a sky sensor in the manner discussed above. To provide
light from a skyward view relative to the vehicle, a light pipe
4151 is mounted over the die on PCB 4147 within a light
pipe mount 4153, which engages a corresponding light pipe
support 4155 on baffle/PCB holder 4130. Light pipe 4151
includes a pair of laterally extending protrusions 4157 that
engage corresponding apertures 4159 in a light pipe filler
4161, which has an aperture 4163 through which the distal
end of light pipe 4151 extends. Light pipe filler 4161 is
mounted within an aperture 4165 formed in an upper surface
of housing cover 4113. As will be apparent to those skilled
in the art, light pipe 4151 captures the skyward light in its
distal end that extends through filler 4161 towards the sky,
and the skyward light is then directed through light pipe
4151 to the die on PCB 4147.

As discussed above, a processor may be mounted on PCB
4147 to preprocess some of the image data obtained from
image sensor 4145.

A compass PCB 4171 may optionally bc mounted within
the inventive housing structure 4111. Compass PCB 4171
includes a pair of compass sensors 4173, which may be
magneto resistive sensors, magneto inductive sensors, flux-
gate sensors, or the like. By mounting compass PCB 4171 on
baffle/PCB holder 4130, the relative tilt of sensors 4173 may
be adjusted relative to the vehicle horizontal to ensure
accurate sensing. Compass PCB 4171 includes a connector
(not shown) to which a corresponding connector 4175 may
be coupled. Connector 4175 connects compass PCB 4171 to
a processor (not shown) in the mirror body via cable 4177.
Cable 4177 also connects the same or a different processor
within mirror body to PCB 4147 via a coupler 4179 and
coupler 4149. A pair of resilient prongs 4181 of a clip
structure 4183 is disposed behind PCB 4147 and secures to
baffle/PCB holder 4130. Baffle/PCB holder 4130 includes a
lateral extension 4187, which extends around connectors
4149 and 4179 and provides a ledge upon which resilient
prongs 4181 may latch to secure the clip 4183 and PCB 4147
to baffle/PCB holder 4130 and to assist in securing the
engagement of couplers 4149 and 4179.

The above-described mounting structure provides several
advantageous features. Specifically, the tilt angle of the
image sensor may be selectively adjusted while not requir-
ing movement of the housing cover relative to the mirror
mount. This avoids the need to have mounting screws
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accessible from the exterior of the housing and thus reduces
the possibility of someone tampering with the adjustment
subsequent to final adjustment by the manufacturer. Further,
the interior components shown in FIGS. 46—49 may be
secured to mirror mount 4101 after it has been secured to the
vehicle windshield and the adjustment may then be made
with the housing cover subsequently snapped into place
following final adjustment.

An additional advantage is provided by the use of light
pipe 4151. In the absence of light pipe 4151, an additional
circuit board would need to be mounted at an angle relative
to PCB 4147 to aim the dic mounted on such an inclined.
PCB towards the sky above the vehicle.

Although the mirror mount accessory housing has been
described for mounting an image sensor, sky sensor, and
compass sensors, it will be appreciated that any one or
combination of these components may be disposed in the
housing. Further, other components may be disposed in the
housing in addition to, or in place of, any or all of the above
components.

While the present invention has generally be described as
preferably utilizing the full capability of the exterior lights
to produce a large number of potential beam patterns that
may change discretely or through a continuum, it is possible
to use the system to simply turn headlamps on and off, as
disclosed, for example, in U.S. patent application Ser. No.
09/491,192, entitled VEIIICLE CQUIPMENT CONTROL
WITH SEMICONDUCTOR LIGHT SENSORS, filed by
Jon Bechtel et al. on Jan. 25, 2000, the disclosure of which
is incorporated herein by reference.

While the invention has been described in detail herein in
accordance with certain embodiments thereof, many modi-
fications and changes may be effected by those skilled in the
art without departing from the spirit of the invention.
Accordingly, it is intended that the appended claims not be
limited by way of details and instrumentalities describing
the embodiments shown herein.

The invention claimed is:

1. A control system to control exterior lights of a con-
trolled vehicle comprising:

an imaging system configured to image the scene forward

of the controlled vehicle; and

a control circuit for processing the image of the scene

obtained from said imaging system and for controlling
the cxterior lights to change their beam pattern in
response to objects detected in the processed scene,
said control circuit disables automatic control of the
exterior lights in response to activation of the vehicle
windshicld wipers.

2. The control system of claim 1, wherein said control
circuit is coupled to receive a signal from said windshield
wipers when they are activated.

3. The control system of claim 1, whercin said control
circuit determines that the windshield wipers are activated
upon detecting a wiper within the scene imaged by said
imaging system.

4. The control system of claim 1, wherein said control
circuit determines that the windshield wipers are activated
upon receiving a wiper activation signal from a rain sensor
provided in the vehicle.

5. The control system of claim 1, wherein said imaging
system is disposed in a rearview mirror assembly.

6. The control system ol claim 1, wherein said control
circuit changes the beam pattern of the exterior lights by
turning on or off at least one of the exterior lights.

7. The control system of claim 1, wherein said control
circuit changes the beam pattern of the exterior lights by
continuously varying the brightness of at least one of the
exterior lights.
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8. The control system of claim 1, wherein the exterior
lights include headlamps operable in at least high and low
beam states, and wherein said control circuit prevents the
headlamps from operation in a high beam state when the
vehicle windshield wipers are activated.

9. The control system of claim 1, wherein said control
circuit is responsive to the speed of the windshield wipers to
disable automatic control of the exterior lights when the
windshield wipers are operating above a threshold speed.

10. The control system of claim 1, wherein the exterior
lights include foul weather lights and said control circuit
activates the foul weather lights when the vehicle windshield
wipers are activated.

11. The control system of claim 10, wherein the foul
weather lights include fog lights and said control circuit
activates the fog lights when the vehicle windshield wipers
are activated.

12. A control system to control exterior lights of a
controlled vehicle comprising:

an imaging system configured to image the scene forward

of the controlled vehicle; and

a control circuit for processing the image of the scene

abtained from said imaging system and for controlling
the exterior lights to change their beam pattern in
response to objects detected in the processed scene,
said control circuit disables automatic control of the
exterior lights when fog is detected on the windshield.

13. The control system of claim 12, wherein fog is
detected to be on the windshield when the vehicle wind-
shield defroster is operating at a speed above a threshold.

14. The control system of claim 12, wherein said imaging
system is disposed in a rearview mirror assembly.

15. The control system of claim 12, wherein said control
circuit is disposed in a rearview mirror assembly.

16. The control system of claim 12, wherein the exterior
lights include headlamps operable in at least high and low
beam states, and wherein said control circuit prevents the
headlamps from operation in a high beam state when the
vehicle windshield defroster is operating at full speed.

17. The control system of claim 12, wherein said control
circuit changes the beam pattern of the exterior lights by
turning on or off at least one of the exterior lights.

18. The control system of claim 12, wherein said control
circuit changes the beam pattern of the exterior lights by
continuously varying the brightness of at least one of the
cxterior lights.

19. The control system of claim 12, wherein the exterior
lights include foul weather lights and said control circuit
activates the foul weather lights when the vehicle windshield
defroster is operating at full speed.

20. The control system of claim 19, wherein the foul
weather lights include fog lights and said control circuit
activates the fog lights when the vehicle windshield
defroster is operating at full speed.

21. A method of detecting snowfall or fog outside a
vehicle comprising the steps of:

sensing light levels forward of the vehicle and light levels

above the vehicle;

comparing the relative brightness of the light levels

forward and above the vehicle; and

determining that it is snowing or foggy when a ratio of the

relative brightness forward of the vehicle to that above
the vehicle reaches a threshold.

22. The method of claim 21, wherein the relative bright-
ness of the light levels forward and above the vehicle are
compared as the brightness of the vehicle’s headlamps is
increased.
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23. A control system to control exterior lights of a
controlled vehicle comprising:

a light sensing system configured to sense light levels
forward of the controlled vehicle; and

a control circuit for receiving the light levels obtained
from said sensing system and for controlling the exte-
rior lights to change their beam pattern in response to
the obtained light levels, said control circuit disables
automatic control of the exterior lights when snow is
detected.

24. The control system of claim 23, wherein said sensing
system senses light levels forward of the vehicle and above
the vehicle.

25. The control system of claim 24, wherein said sensing
system includes a single pixcl scnsor for sensing the light
level above the vehicle.

26. The control system of claim 25, wherein said sensing
system includes a second sensor [or sensing the light level
forward of the vehicle.

27. The control system of claim 26, wherein said single
pixel sensor is positioned at about a 45° angle relative to said
second sensor.

28. The control system of claim 24, wherein said sensing
system includes a second sensor for sensing the light level
forward of the vehicle.

29. The control system of claim 24, wherein said control
circuit compares the relative brightness of the light forward
of the vehicle with that of the light above the vehicle as the
brightness of the vehicle’s headlamps increases, and deter-
mines that it is snowing when the ratio of relative brightness
forward of the vehicle to that above the vehicle reaches a
threshold.

30. The control system of claim 23, wherein the exterior
lights include headlamps operable in at least high and low
beam states, said control circuit disables the headlamps from
operation in a high beam state when the vehicle windshield
defroster is operating at full speed.

31. The control system of claim 23, wherein the exterior
lights include headlamps operable in at least high and low
beam states, said control circuit disables the headlamps from
operation in a high beam statc when the vehicle windshicld
wipers are activated.

32. The control system of claim 25, wherein said single
pixel sensor senses the ambient light outside of the vehicle,
and said control circuit varies the brightness of daytime
running lamps in response to the ambient light level sensed
by said single pixel sensor.

33. The control system of claim 23, wherein the exterior
lights include daytime running lights, said imaging system
comprising an ambient light sensor for sensing the ambient
light outside of the vehicle, and said control circuit varies the
brightness of daytime running lamps in response to the
ambient light level sensed by said ambient light sensor.

34. The control system of claim 23, wherein said imaging
system includes an image array sensor including a plurality
of pixels, and an optical system configured to image the
scene forward of the controlled vehicle onto said image
array sensor, said optical system including a [orwardmost
surface, said optical system includes a hydrophilic coating
on said forwardmost surface.

35. The control system of claim 23, wherein the exterior
lights include headlamps operable in at least high and low
beam states, said control circuit disables the operation of the
headlamps in the high beam state when it is snowing.
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36. A method of controlling vehicle headlamps compris-
ing the steps of:

detecting whether it is snowing; and

disabling the headlamps from operation in a high beam

slate when il is snowing.

37. A headlamp control system for controlling the head-
lamps of a controlled vehicle, said headlamp control system
comprising:

an imaging system configured to image the scene forward

of the controlled vehicle;

a control circuit coupled to said imaging system for
identifying and determining the brightness of light
sources in images obtained from said imaging system
and for controlling the headlamps o vary a beam
pattern of the headlamps as a function of the brightness
of light sources within the images; and

a user input mechanism coupled to said control circuit for
allowing a user to adjust a sensitivity at which said
control circuit will control the headlamps in response to
light sources within the images.

38. The headlamp control system of claim 37, wherein
said imaging system is disposed in a rearview mirror assem-
bly.

39. The headlamp control system of claim 37, wherein
said control circuit is disposed in a rearview mirror assem-
bly.

40. The headlamp control system of claim 37, wherein
said imaging system includes a plurality of sensors that
integrate the light levels sensed during a predetermined
integration time period, said control circuit adjusts the
integration time period of said sensors in response to user
adjustment of the sensitivity.

41. The headlamp control system of claim 37, wherein
said control circuit adjusts the brightncss of the hcadlamps
when the brightness of light sources in the obtained images
exceeds a threshold, said control circuit varies said threshold
in response to user adjustment of the sensitivity.

42. The headlamp control system of claim 37, wherein
said control circuit continuously varies the brightness of the
headlamps as a function of the brightness of light sources
within the images, said control circuit changes a rate at
which the brightness of the headlamps is varied in response
to user adjustment of the sensitivity.

43. The headlamp control system of claim 37, wherein
said imaging system includes an array of pixel sensors, said
control circuit being more sensitive to light sources detected
within a predetermined area of the image obtained by said
pixel sensor array, said control circuit varies the boundaries
of said predetermined area in response to user adjustment of
the sensitivity.

44. A headlamp control system tor controlling the head-
lamps of a controlled vehicle, said headlamp control system
comprising:

an imaging system configured to image the scene forward
of the controlled vehicle and to detect an ambient light
level outside the vehicle; and

a control circuit coupled to said imaging system for
determining an ambient light level outside the vehicle
for identifying and determining the brightness of light
sources in images obtained from said imaging system,
and for controlling the headlamps to vary a beam
pattern of the headlamps as a function of the brightness
of light sources within the images when the ambient
light level is above a threshold level.
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45. The headlamp control system of claim 44, wherein
said imaging system includes:

an image array sensor;

an optical system configured to image the scene forward
of the controlled vehicle onto said image array sensor;
and

an ambient light sensor for sensing the ambient light level
outside the vehicle.

46. The headlamp control system of claim 45, wherein
said ambient light sensor is aimed generally upward towards
the sky above the vehicle.

47. The headlamp control system of claim 44, wherein
said imaging system is disposed in a rearview mirror assem-
bly.

48. The headlamp control system ol claim 44, wherein
said control circuit is disposed in a rearview mirror assem-
bly.

49. A control system to control the headlamps of a vehicle
comprising:

an ambient light sensor for sensing the ambient light
outside of the vehicle; and

a control circuit for varying the beam pattern of daytime
running lamps in response to the ambient light level
sensed by said ambient light sensor.

50. The control system of claim 49, wherein said control
circuit increases the brightness of the daytime running lights
in response to increasing ambient brightness.

51. The control system of claim 49, wherein said ambient
light sensor is disposed in a rearview mirror assembly.

52. The control system of claim 49, wherein said control
circuit is disposed in a rearview mirror assembly.

53. A vehicle control system to control the brightness of
continuously variable headlamps that have a brightness that
varies continuously between a high beam state and a low
beam state, said control system comprising:

an imaging system configured to image the scene forward
of the controlled vehicle;

a control circuit for identifying and determining the
brightness of light sources in images obtained from said
imaging system and for controlling the perceived
brightness of the headlamps as a function of the bright-
ness of light sources within the images; and

an indicator coupled to said control circuit and positioned
inside the vehicle for indicating to the driver the
relative brightness of the headlamps.

54. The vehicle control system of claim 53, wherein said
indicator has a brightness that varies in proportion to the
brightness of the headlamps.

55. The vehicle control system of claim 53, wherein the
brightness of said indicator doubles when the headlamps arc
in a high beam state as a result of manual activation of the
high beams.

56. The vehicle control system of claim 53, wherein said
indicator changes color as a function of the brightness of the
headlamps.

57. The vehicle control system of claim 53, wherein said
indicator includes a scale that indicates a relative brightness
of the headlamps.

58. The vehicle control system of claim 57, wherein said
indicator scale is a mulli-segmented display in which the
number of segments that are illuminated correspond to the
relative brightness of the headlamps.

59. The vehicle control system of claim 53, wherein said
imaging system is disposed in a rearview mirror assembly.

60. The vehicle control system of claim 53, wherein said
control circuit is disposed in a rearview mirror assembly.
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61. The vehicle control system of claim 53 and further
including a second indicator for indicating when said control
circuit is automatically controlling the brightness of the
vehicle headlamps as a function of the brightness of light
sources within the images.

62. A control system for controlling exterior lights of a
controlled vchicle, said control system comprising:

an imaging system configured to image the scene forward
of the controlled vehicle;

a switching mechanism for manual input of a driver’s
selection of a feature affecting the control of the exte-
rior lights; and

a control circuit coupled to said switching mechanism and
said imaging system for identifying and determining
the brightness of light sources in images obtained from
said imaging system and for controlling the exterior
lights to vary the beam pattern of the exterior lights as
a function of the brightness of light sources within the
images and as a function of the status of said switching
mechanism.

63. The control system of claim 62 wherein the exterior
lights include headlamps and said switching mechanism
includes a switch that allows a driver to select manual or
automatic control of the vehicle headlamps.

64. The control system of claim 62, wherein, in response
to selection of automatic control using said switch, said
control circuit enters an automatic control mode in which the
headlamps are automatically controlled in response to the
detection of light sources within the images.

65. The control system of claim 64, wherein, in response
to selection of manual control using said switch, said control
circuit enters a manual control mode in which the headlamps
are manually controlled by the driver.

66. The control system of claim 62, wherein the exterior
lights include headlamps, said switching mechanism
includes a switch for manually activating high becams of the
vehicle headlamps, and wherein said control circuit
responds to activation of said switch by turning on the high
beams.

67. The control system of claim 66, wherein said switch
is a toggle switch and said control circuit maintains the high
beams in an on state when said switch is toggled until such
time that it is again toggled at which point said control
circuit automatically controls the brightness of the high
beams.

68. The control system of claim 66, wherein said switch
is a flash-to-pass switch, wherein said control circuit
responds to manual activation of said switch by activating
high beam headlamps for so long a time as the flash-to-pass
switch is held in its activation position.

69. The control system of claim 62, wherein the exterior
lights include headlamps, said switching mechanism
includes a toggle switch for manually activating and deac-
tivating high beams of the vehicle headlamps, and wherein
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said control circuit responds to toggling of said switch by
changing the on/off state of the high beams from the current
status of the high beams.

70. The control system of claim 69, wherein, upon switch-
ing the on/off state of the high beams in response to toggling
of said switch, said control circuit maintains the high beams
in the changed state for a predetermined time period at
which point said control circuit enables automatic changing
of the brightness of the high beams in response to the
brightness of light sources in images obtained from said
imaging system.

71. The control system of claim 62, wherein the exterior
lights include headlamps, said switch is a flash-to-pass
switch, and wherein said control circuit responds to manual
activation of said switch by turning on the high beam
headlamps for so long a time as the flash-to-pass switch is
held in its activation position.

72. The control system of claim 71, wherein, when said
flash-to-pass switch is released from its activation position,
said control circuit turns off the high beam headlamps
regardless of whether the high beams were on or off before
such activation and thercafter cnables automatic changing of
the brightness of the high beams in response to the bright-
ness of light sources in images obtained from said imaging
system.

73. The control system of claim 62, wherein said imaging
system is disposed in a rearview mirror assembly.

74. The control system of claim 62, wherein said control
circuit is disposed in a rearview mirror assembly.

75. A control system for controlling exterior lights of a
controlled vehicle, said control system comprising:

an image sensor to detect light sources in a scene forward

of the controlled vehicle; and

a control circuit coupled to said image sensor, said control

circuit being operable to distinguish vehicle light
sources from non-vehicle light sources, to distinguish
between headlamps and tail lights bascd upon the color
of the light, to detect movement of detected vehicles,
and to generate a control signal to cause the exterior
vehicle lights to provide a selected illumination pattern,
whereby the control signal is derived as a function of
both the movement of any detected vehicles and the
color of the light emanating from such vehicles.

76. The control system of claim 75, wherein the control
signal is further derived as a function of any one or com-
bination of the following parameters detected with respect to
a detected light source: an AC component; brightness;
relative position; and relative size.

77. The control system of claim 75, wherein the control
signal is further derived as a function of any one or com-
bination of the following parameters: turn rate of the con-
trolled vehicle; speed of the controlled vehicle; and ambient
brightness.
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57 ABSTRACT

A system for controlling at least one exterior vehicle light of
a controlled vehicle includes an array of sensors and a
control unit. The array of sensors are capable of detecting
light levels in front of the controlled vehicle. The control
unit is in communication with the array of sensors and the
at least one exterior vehicle light and determines a distance
and an angle from the at least one exterior vehicle light of
the controlled vehicle to a leading vehicle. The control unit
is operable to control operation of the at least one exterior
vehicle light as a function of the distance and angle, based
on the output from the array of sensors, and prevent the at
least one exterior vehicle light from providing a disruptive
glare to a driver of the leading vehicle.
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HEADLAMP CONTROL TO PREVENT
GLARE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Provisional
Patent Ser. No. 60/339,762, entitled “HEADLAMP CON-
TROL TO PREVENT GLARE,” which was filed Dec. 10,
2001, and which is hereby incorporated herein by reference
in its entirety.

This application is a continuation-in-part of U.S. patent
application Ser. No. 10/197,834, entitled “CONTINU-
OUSLY VARIABLE HEADLAMP CONTROL,” filed Jul.
18, 2002, now U.S. Pat. No. 6,593,698, which is a continu-
ation of U.S. patent application Ser. No. 09/938,774, entitled
“CONTINUOUSLY VARIABLE HEADLAMP
CONTROL,” filed on Aug. 24, 2001, by Joseph S. Stam et
al., now U.S. Pat. No. 6,429,594, which is a continuation of
U.S. patent application Ser. No. 09/546,858, entitled “CON-
TINUOUSLY VARIABLE HEADLAMP CONTROL,” filed
on Apr. 10, 2000, by Joseph S. Stam et al., now U.S. Pat. No.
6,281,632, which is a continuation of U.S. patent application
Ser. No. 09/157,063, entitled “CONTINUOUSLY VARI-
ABLE HEADLAMP CONTROL,” filed on Sep. 18, 1998,
by Joseph S. Stam et al., now U.S. Pat. No. 6,049,171. The
entire disclosure of each of the above-noted applications is
incorporated herein by reference. Priority under 35 U.S.C.
§120 is hereby claimed to the filing dates of each of the
above-identified applications.

This application is related to U.S. patent application Ser.
No. 10/208,142, entitled “LIGHT SOURCE DETECTION
AND CATEGORIZATION SYSTEM FOR AUTOMATIC
VEHICLE EXTERIOR LIGHT CONTROL AND
METHOD OF MANUFACTURING,” filed on Jul. 30,
2002, and which is hereby incorporated herein by reference
in ifs entirety.

BACKGROUND OF THE INVENTION

The present invention is generally directed to controlling
exterior vehicle lights of a motor vehicle and, more
specifically, to controlling exterior vehicle lights of a motor
vehicle so as to reduce glare to occupants of other motor
vehicles and/or pedestrians, as well as providing optimal
lighting for various roads/environmental conditions.

Currently, rearview mirror glare from trailing vehicles is
a significant safety and nuisance concern, while driving at
night. Sport utility vehicles (SUVs) and trucks, which gen-
erally have headlamps mounted much higher than passenger
vehicles, may provide a much higher level of rearview glare
than typical passenger cars. This glare may be especially
disruptive in busy traffic situations where an SUV or truck
is following a small passenger car. As a result of the glare
experienced by drivers of passenger cars, when closely
followed by an SUV or truck, various solutions, such as
reducing the mounting height limit of headlamps, have been
proposed to help alleviate this problem. Unfortunately, solu-
tions such as reducing the mounting height limit of an SUV
or truck’s headlamps may generally require an objectionable
change to the front end styling of the SUV or truck.
Additionally, the physical construction of large SUVs and
trucks may make it impossible to reduce the mounting
height significantly.

Thus, what is needed is a technique for reducing the glare
caused by low-beam headlamps of SUVs and trucks that
does not involve lowering the mounting height of low-beam
headlamps of the SUV/truck. Further, it would be desirable
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2

for the technique to function with both leading and
on-coming vehicles and be applicable to all vehicle types,
roads and environmental conditions.

SUMMARY OF THE INVENTION

An embodiment of the present invention is directed to a
system for controlling at least one exterior vehicle light of a
controlled vehicle and includes an array of sensors and a
control unit. The array of sensors is capable of detecting
light levels in front of the controlled vehicle. The control
unit is in communication with the array of sensors and the
at least one exterior vehicle light and determines an approxi-
mate distance and an angle from the at least one exterior
vehicle light of the controlled vehicle to a leading vehicle.
The control unit is also operable to control operation of the
at least one exterior vehicle light as a function of the distance
and angle, based on output from the array of sensors, and
prevent the at least one exterior vehicle light from providing
disruptive glare to a driver of the leading vehicle.

According to another embodiment of the present
invention, an illumination control system for controlling at
least one exterior vehicle light of a controlled vehicle
includes an array of sensors and a control unit. The array of
sensors generates electrical signals that are provided to the
control unit, which is in communication with the at least one
exterior vehicle light. The control unit is operable to acquire
and process electrical signals received from the array of
sensors to determine an illumination gradient associated
with the at least one exterior vehicle light on a road surface.
The control unit compares a sensed illumination range,
which is based on the illumination gradient, to a desired
illumination range and is operable to control the at least one
exterior vehicle light to achieve a desired illumination range.

According to another embodiment of the present
invention, an illumination control system for controlling at
least one exterior vehicle light of a controlled vehicle
includes a discrete light sensor and a control unit. The
discrete light sensor generates electrical signals, which are
provided to the control unit, which is in communication with
the at least one exterior vehicle light. The control unit is
operable to acquire and process electrical signals from the
discrete light sensor to determine when the at least one
exterior vehicle light should transition to a town lighting
mode. The discrete light sensor provides an indication of an
AC component present in ambient light and the control unit
causes the at least one exterior vehicle light to transition to
the town lighting mode when the AC component exceeds a
predetermined AC component threshold.

According to still another embodiment of the present
invention, an illumination control system for controlling the
at least one exterior vehicle light of a controlled vehicle
includes an imaging system and a control unit. The imaging
system obtains an image to a front of the controlled vehicle
and includes an array of sensors, which each generate
electrical signals that represent a light level sensed by the
sensor. The control unit is in communication with the at least
one exterior vehicle light and is operable to acquire electri-
cal signals received from the array of sensors and to sepa-
rately process the electrical signals. The control unit is
operable to examine a position and brightness of an
on-coming vehicle headlamp over time, as indicated by the
electrical signals provided by the array of sensors, to deter-
mine when a median width is appropriate for the activation
of a motorway lighting mode and causes the at least one
exterior vehicle light to transition to the motorway lighting
mode responsive to the determined median width.
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In another embodiment, an illumination control system
for controlling at least one exterior vehicle light of a
controlled vehicle includes an imaging system, a spatially
controlled variable attenuating filter and a control unit. The
imaging system obtains an image to a front of the controlled
vehicle and includes an array of sensors that each generate
electrical signals representing a light level sensed by the
sensor. The filter is positioned approximate the at least one
exterior vehicle light and the control unit is in communica-
tion with the at least one exterior vehicle light and the filter.
The control unit is operable to acquire electrical signals
received from the array of sensors and to process the
electrical signals and control the filter to vary an illumina-
tion range of the at least one exterior vehicle light in
response to the electrical signals and to control the filter to
distinguish between vehicular and non-vehicular light
sources.

In one embodiment, an illumination control system for
controlling at least one exterior vehicle light of a controlled
vehicle includes an imaging system, a spatially controlled
reflector and a control unit. The imaging system obtains an
image to a front of the controlled vehicle and includes an
array of sensors that each generate electrical signals repre-
senting a light level sensed by the sensor. The reflector is
positioned approximate the at least one exterior vehicle light
and the control unit is in communication with the at least one
exterior vehicle light and the reflector. The control unit is
operable to acquire electrical signals received from the array
of sensors and to process the electrical signals and control
the reflector to vary an illumination range of the at least one
exterior vehicle light in response to the electrical signals and
to control the reflector to distinguish between vehicular and
non-vehicular light sources.

In another embodiment, a system for controlling at least
one headlamp of a controlled vehicle includes an array of
sensors and a control unit. The array of sensors is capable of
detecting light levels in front of the controlled vehicle and
the control unit is in communication with the array of
sensors and the at least one headlamp. The headlamp has a
high color temperature and the control unit receives data
representing the light levels detected by the array of sensors
to identify potential light sources and distinguish light that
is emitted from the headlamp and reflected by an object from
other potential light sources. The control unit is also oper-
able to control operation of the at least one headlamp as a
function of the light levels output from the array of sensors.

In yet another embodiment a controllable headlamp
includes at least one light source and a spatially controlled
variable attenuating filter positioned approximate the at least
one light source. The filter is controlled to provide a variable
illumination range for the at least one light source and is
controlled to distinguish between vehicular and non-
vehicular light sources.

In still another embodiment, a controllable headlamp
includes at least one light source and a spatially controlled
reflector positioned approximate the at least one light
source. The reflector is controlled to provide a variable
illumination range for the at least one light source and is
controlled to distinguish between vehicular and non-
vehicular light sources.

These and other features, advantages and objects of the
present invention will be further understood and appreciated
by those skilled in the art by reference to the following
specification, claims and appended drawings.
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4
BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings:

FIG. 1A is an electrical block diagram of an exemplary
imaging system;

FIG. 1B is a side view of a leading vehicle illustrating
various geometric considerations;

FIG. 2 is a graph depicting the illumination, as a function
of the mounting height of a trailing vehicle’s low-beam
headlamps, on a surface at a rearview mirror position of the
leading vehicle of FIG. 1B;

FIG. 3 is a graph illustrating road surface illumination as
a function of distance for various headlamp mounting
heights;

FIG. 4 is a side view of another leading vehicle illustrat-
ing various geometric considerations;

FIG. § is a graph depicting the relationship of the position
of an on-coming headlamp image, with respect to a center of
the image, as captured by an array of sensors in a controlled
vehicle, as a function of distance to an on-coming vehicle for
various median widths;

FIG. 6A is a side view of a high-performance headlamp
that implements a mask, according to an embodiment of the
present invention;

FIG. 6B is a front view of the mask of FIG. 6A;

FIG. 6C is a side view of a high-performance headlamp
that implements a mask, according to another embodiment
of the present invention;

FIGS. 7A-7B are front views of variable transmission
devices that are used to control the illumination produced by
headlamps of a vehicle, according to an embodiment of the
present invention;

FIG. 8 is a side view of a headlamp that includes a
plurality of individual light emitting diodes;

FIG. 9 is a diagram of a headlamp that utilizes a spatially
controlled reflector;

FIG. 10 depicts plots of the spectral distributions of
various vehicle exterior lights;

FIG. 11 depicts plots of the spectral reflectance ratios of
various colored road signs;

FIG. 12 depicts plots of transmission factors of red and
infrared filter material, according to an embodiment of the
present invention;

FIG. 13 depicts plots of the quantum efficiency versus
wavelength for an optical system, according to an embodi-
ment of the present invention;

FIG. 14 depicts a graph of red-to-clear ratios for various
light sources as detected by an optical system, according to
an embodiment of the present invention;

FIG. 15A is a side view of a headlamp that implements a
rotatable mask, according to one embodiment of the present
invention;

FIG. 15B is a front view of the mask of FIG. 15A,;

FIG. 16A is a side view of a headlamp that implements a
rotatable mask, according to another embodiment of the
present invention;

FIG.16B is a front view of the mask of FIG. 16Ain a first
position; and

FIG. 16C is a front view of the mask of FIG. 16A in a
second position.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The present invention is directed to a system for control-
ling at least one exterior vehicle light (e.g., low-beam
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headlamps, high-beam headlamps, tail lamps, fog lamps,
etc.) of a controlled vehicle and includes an array of sensors
and a control unit. The control unit is in communication with
the array of sensors and the at least one exterior vehicle light
and is capable of determining a distance and an angle from
the at least one exterior vehicle light of the controlled
vehicle to a leading vehicle. The control unit is operable to
control operation of the at least one exterior vehicle light as
a function of the distance and angle, based on the output
from the array of sensors, and prevent the at least one
exterior vehicle light from providing disruptive glare to a
driver of the leading vehicle.

In another embodiment of the present invention, an illu-
mination control system for controlling the at least one
exterior vehicle light of a controlled vehicle includes an
array of sensors and a control unit. The control unit is
operable to acquire and process electrical signals received
from the array of sensors to determine an illumination
gradient associated with the at least one exterior vehicle
light on a road surface. The control unit compares a sensed
illumination range, which is based on the illumination
gradient, to a desired illumination range and is operable to
control the at least one exterior vehicle light to achieve a
desired illumination range.

In yet another embodiment of the present invention, an
illumination control system for controlling the at least one
exterior vehicle light of a controlled vehicle includes a
discrete light sensor and a control unit. The control unit is
operable to acquire and process electrical signals from the
discrete light sensor, which provides an indication of an AC
component present in ambient light. The control unit causes
the at least one exterior vehicle light to transition to the town
lighting mode when the AC component exceeds a predeter-
mined AC component threshold.

According to still another embodiment of the present
invention, an illumination control system for controlling the
at least one exterior vehicle light of a controlled vehicle
includes an imaging system and a control unit. The imaging
system obtains an image to a front of the controlled vehicle
and includes an array of sensors which each generate elec-
trical signals that represent a light level sensed by the sensor.
The control unit is operable to examine a position and
brightness of an on-coming vehicle headlamp over time, as
indicated by the electrical signals provided by the array of
sensors, to determine when a median width is appropriate for
the activation of a motorway lighting mode.

Referring now to FIG. 1A, a block diagram of a control
system according to an embodiment of the present invention
is shown. A control system 40 for continuously variable
headlamps includes imaging system 42, control unit 44 and
at least one continuously variable headlamp system 46. The
control unit 44 may take various forms, such as a micro-
processor including a memory subsystem with an applica-
tion appropriate amount of volatile and non-volatile
memory, an application specific integrated circuit (ASIC) or
a programmable logic device (PLD). The imaging system 42
includes vehicle imaging lens system 48 operative to focus
light 50 from a region generally in front of a controlled
vehicle onto image array sensor 52. The imaging system 42
is capable of determining lateral and elevational locations of
headlamps from on-coming vehicles and tail lamps of lead-
ing vehicles. The vehicle imaging lens system 48 may
include two lens systems, one lens system having a red filter
and one lens system having a cyan filter, which permits the
image array sensor 52 to simultaneously view a red image
and a cyan image of the same region in front of the
controlled vehicle and thereby discriminate between tail
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lamps and headlamps. The image array sensor 52 may
include an array of pixel sensors.

The imaging system 42 may include an ambient light lens
system 54 operable to gather light 56 over a wide range of
elevational angles for viewing by a portion of the image
array sensor 52. Alternatively, the light 50, focused through
the vehicle imaging lens system 48, may be used to deter-
mine ambient light levels. Additionally, a light sensor com-
pletely separate from the imaging system 42 may be used to
determine ambient light levels. In one embodiment, the
imaging system 42 is incorporated into an interior rearview
mirror mount. In this case, the imaging system 42 may be
aimed through a portion of the windshield of the controlled
vehicle that is cleaned by at least one windshield wiper.

The control unit 44 accepts pixel gray scale levels 58 and
generates image sensor control signals 60 and headlamp
illumination control signals 62. The control unit 44 includes
an imaging array control and analog-to-digital converter
(ADC) 64 and a processor 66. The processor 66 receives
digitized image data from and sends control information to
the imaging array control and ADC 64, via serial link 68.

The control system 40 may include vehicle pitch sensors
70, to detect the pitch angle of a controlled vehicle relative
to the road surface. Typically, two of the vehicle pitch
sensors 70 are desired. Each of the sensors 70 are mounted
on the chassis of the controlled vehicle, near the front or rear
axle, and a sensor element is fixed to the axle. As the axle
moves relative to the chassis, the sensor 70 measures either
rotational or linear displacement. To provide additional
information, the control unit 44 may also be connected to a
vehicle speed sensor 72, one or more moisture sensors 74
and may also be connected to a GPS receiver, a compass
transducer and/or a steering wheel angle sensor.

Precipitation such as fog, rain or snow may cause exces-
sive light from headlamps 22 to be reflected back to the
driver of the controlled vehicle. Precipitation may also
decrease the range at which on-coming vehicles and leading
vehicles may be detected. Input from the moisture sensor 74
may therefore be used to decrease the full range of illumi-
nation.

A headlamp controller 76 controls at least one of the
continuously variable headlamps 22. When multiple head-
lamp controllers 76 are utilized, each of the headlamp
controllers 76 accepts the headlamp illumination control
signals 62, from control unit 44, and affects the headlamps
22 accordingly to modify an illumination range of light 78
leaving headlamp 22. Depending on the type of continu-
ously variable headlamp 22 used, the headlamp controller 76
may vary the intensity of the light 78 leaving the headlamp
22, may vary the direction of the light 78 leaving the
headlamp 22, or both.

The control unit 44 may acquire an image covering a glare
area, which includes points at which a driver of an
on-coming vehicle or leading vehicle would perceive the
headlamps 22 to cause excessive glare. The control unit 44
processes the image to determine if at least one vehicle is
within the glare area. If at least one vehicle is within the
glare area, the control unit 44 changes the illumination
range. Otherwise, the headlamps 22 are set to a full illumi-
nation range.

The changes to illumination range and setting the head-
lamps 22 to a full illumination range typically occur gradu-
ally as sharp transitions in the illumination range may startle
the driver of the controlled vehicle, since the driver may not
be aware of the precise switching time. A transition time of
between one and two seconds is desired for returning to full
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illumination range from dimmed illumination range, corre-
sponding to low-beam headlamps. Such soft transitions in
illumination range also allow the control system 40 to
recover from a false detection of an on-coming vehicle or
leading vehicle. Since image acquisition time iS approxi-
mately 30 ms, correction may occur without the driver of the
controlled vehicle noticing any change.

For a controlled vehicle with both high-beam and low-
beam headlamps 22, reducing illumination range may be
accomplished by decreasing the intensity of high-beam
headlamps 22 while increasing the intensity of low-beam
headlamps 22. Alternately, low-beam headlamps can be left
on continuously for ambient light levels below a certain
threshold. For a controlled vehicle with at least one head-
lamp 22 having a variable horizontal aimed direction, the
aim of headlamp 22 may be moved away from the direction
of an on-coming vehicle when the illumination range is
reduced or changed. This allows the driver of the controlled
vehicle to better see the edge of the road, road signs,
pedestrians, animals and the like that may be on the curb side
of the controlled vehicle. The control unit 44 may determine
if any leading vehicle is in a curb lane on the opposite side
of the controlled vehicle from on-coming traffic. If a leading
vehicle is not in the curb lane, reducing the illumination
range may include aiming headlamps 22 away from the
direction of on-coming traffic. If a leading vehicle is
detected in a curb lane, the illumination range may be
reduced without changing the horizontal aim of headlamps
22.

Automatic Aiming of Low-Beam Headlamps to
Prevent Glare to Other Vehicles

Set forth below are some computational examples that
illustrate the relative rearview glare increase provided by
high mounted low-beam headlamps over standard passenger
car low-beam headlamps, as seen by a leading vehicle.
These examples are approximate computations only and are
not the result of specific measurements. The computations
assume no obstruction between the low-beam headlamp of
a trailing vehicle and the rearview mirror surface of the
leading vehicle and do not account for rear window trans-
mission loss. FIG. 1B depicts a leading vehicle 102 that is
being followed by a trailing vehicle (not shown) at a distance
of about 15 meters, with respect to low-beam headlamps of
the trailing vehicle and an internal rearview mirror of the
leading vehicle.

The illumination at the leading vehicle’s interior rearview
mirror, located about 1.2 meters above the road, is deter-
mined by: computing the horizontal and vertical angle to
each of the headlamps (assuming a headlamp separation of
about 1.12 m), determining the intensity of the headlamps at
that angle and dividing the determined intensity by the
distance squared. Information on the average position of
automotive rearview mirrors can be obtained from a paper
entitled “Field of View in Passenger Car Mirrors,” by M.
Reed, M. Lehto and M. Flannagan (published by the Uni-
versity of Michigan Transportation Research Institute
(UMTRI-2000-23)), which is hereby incorporated herein by
reference in its entirety. Information on the intensity of
average low-beam headlamps can be obtained from a paper
entitled “High-Beam and Low-Beam Headlighting Patterns
in the U.S. and Europe at the Turn of the Millennium,” by
B. Schoettle, M. Sivak and M. Flannagan (published by
UMTRI (UMTRI 2001-19)), which is also hereby incorpo-
rated herein by reference in its entirety.

FIG. 2 is a graph that depicts the illumination (as a
function of mounting height of the trailing vehicle’s low-

10

15

20

25

30

35

40

45

50

55

60

65

8

beam headlamps) on a surface at the rearview mirror posi-
tion of a leading vehicle, assuming no obstructions and
based on the information set forth above. The graph of FIG.
2 illustrates the low-beam headlamp mounting height over
the legal range, specified in FMVSS 108, of 0.56 meters to
1.37 meters. A typical passenger car may have headlamps
mounted at about 0.62 meters. In this case, the glare on the
rearview mirror of the leading vehicle is about 2.4 lux. For
a vehicle with headlamps mounted at 1 meter, the glare on
the rearview mirror of the leading vehicle increases to 5.8
lux. The situation becomes much more severe with large
trucks and SUVs with low-beam headlamp mounting
heights higher than 1 meter. At the current U.S. maximum
headlamp mounting height, i.e., 1.37 meters, the glare at the
rearview mirror is approximately 91 lux. This large increase
is due to the fact that the intensity of low-beam headlamps
is greatest at about 1.5 degrees below horizontal and
decreases rapidly with increased vertical angle.

The problem of increased rearview mirror glare with
increased headlamp mounting height could be solved by
requiring manufacturers of larger vehicles to aim their
headlamps further downward when they are mounted above
a predetermined height. However, this solution comes at the
cost of decreased illumination range during normal driving,
when no leading vehicle is present. For example, in order for
a vehicle with headlamps mounted at 1 meter to produce the
glare equivalent of a vehicle with headlamps mounted at
0.62 meters (i.e., at 15 meters), the vehicle whose headlamps
are mounted at 1 meter must be aimed downward an
additional 1.4 degrees. FIG. 3 depicts three curves of road
illumination as a function of distance for: a passenger car
with low-beam headlamps mounted at 0.62 meters, a truck
or SUV with low-beam headlamps mounted at 1 meter and
a truck or SUV with low-beam headlamps mounted at 1
meter and aimed downward an additional 1.4 degrees. As is
shown in FIG. 3, the downward aim reduces the visibility
distance of the low-beam headlamps significantly. As a
result, simply aiming the headlamps down is generally
unacceptable during normal driving conditions, when no
leading vehicle is present.

Additional information about the effects of mirror glare
resulting from different mounting heights can be found in
Society of Automotive Engineers (SAE) publication J2584
entitled “Passenger Vehicle Headlamp Mounting Height,”
which is also hereby incorporated herein by reference in its
entirety. This study recommends that headlamp mounting
height be limited to 0.85 meters to avoid projecting undue
glare into leading vehicles.

A solution which limits the glare to leading vehicles,
while preserving the desired mounting height of the
headlamps, involves detecting the presence of leading
vehicles and adjusting the aim of the low-beam headlamps
of the trailing vehicle, accordingly. Systems to vary the aim
of headlamps are currently commercially available on many
production vehicles. These systems typically use sensors in
the axles of a vehicle to detect changes in road pitch and vary
the aim of the headlamps to insure a constant visibility
distance. Other systems provide motors for adjustment of
the aim of the headlamps, but rely on the driver to manually
adjust the aim of the headlamps through a manual adjust-
ment knob located in the vehicle. Although such systems
were not designed or used in conjunction with a means to
detect a leading vehicle to automatically reduce the angle of
the headlamps, when such vehicles are detected, such sys-
tems can be used for this purpose.

In one embodiment, such a leading vehicle detection
means may include a camera (i.e., an array of sensors) and

Mercedes EX1010, Part 1 of 3
U.S. Patent No. 9,955,551



US 6,861,809 B2

9

an image processing system as is described in U.S. Pat. No.
6,281,632 entitled “CONTINUOUSLY VARIABLE HEAD-
LAMP CONTROL,” issued Aug. 28, 2001, to Joseph S.
Stam et al., which is hereby incorporated herein by reference
in its entirety, and PCT Application No. PCT/US01/08912,
entitled “SYSTEM FOR CONTROLLING EXTERIOR
VEHICLE LIGHTS,” published Sep. 27, 2001 (WO
01/70538), which is also hereby incorporated herein by
reference in its entirety. Such systems are capable of detect-
ing the tail lamps of leading vehicles and may determine the
approximate distance to a leading vehicle by the brightness
of the tail lamps in an image or by the separation distance
between the two tail lamps of the leading vehicle. Since tail
lamps are typically mounted below the rear window of most
vehicles, the tail lamps’ position in the image can also be
used to determine if excess glare is likely to be projected into
the rearview mirror of the leading vehicle.

FIG. 4 depicts a leading vehicle 402 (with tail lamps
located 1 meter above the road) whose rearview mirror is 15
meters ahead of low-beam headlamps of a trailing vehicle
(not shown). The angle between the tail lamps of the leading
vehicle and the camera of the trailing vehicle can be deter-
mined from the position of the tail lamps in the image. It
should be appreciated that the difference in mounting height
between a camera mounted within a vehicle and low-beam
headlamps of the vehicle is fixed and, therefore, can be
known for any given vehicle. As mentioned above, the
distance to the leading vehicle can be determined in a
number of ways. For example, the distance to the leading
vehicle can be estimated by the brightness of the tail lamps
of the leading vehicle in the image. Alternatively, for most
vehicles with two tail lamps, the distance between the two
tail lamps, which remains within a reasonable range for
production vehicles, can be used to estimate the distance to
the leading vehicle. For motorcycles or vehicles with only
one tail lamp, brightness can be used to estimate the distance
between the trailing and leading vehicles. Finally, other
devices for determining distance, such as a radar, laser or
ultrasonic sensors, may be used. Such systems are already
incorporated in many production vehicles for use in con-
junction with, for example, parking aids and adaptive cruise
control systems. For an example of one such system see U.S.
Pat. No. 6,403,942, entitled “AUTOMATIC HEADLAMP
CONTROL SYSTEM UTILIZING RADAR AND AN
OPTICAL SENSOR,” the entire disclosure of which is
hereby incorporated herein by reference.

Once an estimate of the distance from the trailing vehicle
to the leading vehicle is determined, the angle between the
controlled vehicle’s headlamps and the leading vehicle (e.g.,
the rearview mirror of the leading vehicle) can be deter-
mined. A detailed method for analyzing an image to deter-
mine the location of light sources within an image is set forth
in PCT Application No. PCT/US01/08912. Then, if the
trailing vehicle is close enough to the leading vehicle for
glare to disrupt the driver of the leading vehicle, the aim of
the headlamps can be set downward to a level which does
not cause disruptive glare (alternatively, or in addition, the
intensity of the headlamps may be adjusted). When no
leading vehicles are within a close range, the headlamps of
the trailing vehicle can be aimed normally for proper road
illumination. Modifications to the above embodiment may
include a variety of methods for reducing the intensity of
light directed towards the detected light source. These
methods include, but are not limited to: modifying the
horizontal direction aim of the headlamps, modifying the
vertical direction aim of the headlamps, modifying the
intensity of the headlamps, enabling or disabling one of a
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plurality of exterior lights and selectively blocking or attenu-
ating light from the exterior lights in the direction of the
detected light source.

Automatic Aiming of Headlamps Using an Image
Sensor

As headlamp technology improves and vehicle headlamps
have become brighter, the potential for causing glare to
on-coming and leading drivers has become greater. Low-
beam headlamps, which are designed to prevent glare to
on-coming drivers, are typically aimed 1.5 degrees down-
ward and about 1.5 degrees right, with a sharp reduction in
intensity above the peak. However, variations in the road
and in vehicle loading can regularly cause the peak of these
headlamps to shine directly into the eyes of an on-coming
driver. This problem becomes much more severe with new
technology headlamps, such as high-intensity discharge
(HID) headlamps, and, as a result, various groups have
attempted to design systems that perform active leveling of
these brighter headlamps. Current automatic leveling sys-
tems provide sensors on each axle to determine the pitch of
the vehicle, relative to the road. Such systems may also
incorporate vehicle speed sensing to anticipate variations in
vehicle pitch with acceleration. These systems require that
the headlamp aiming, relative to the vehicle, be known and
calibrated to properly aim the headlamps to compensate for
vehicle pitch variations.

An embodiment of the present invention generally
improves on prior automatic headlamp leveling systems by
sensing the actual beam pattern, provided by, for example,
the low-beam headlamps, on the road separately, or in
combination with the sensing of the vehicle’s pitch. By
looking at the illumination gradient on the road, it is possible
to compare the actual illumination range to the desired
illumination range and compensate for variance by adjusting
the headlamp’s aim. The desired illumination range may be
constant or may be a function of the current vehicle speed,
ambient light level, weather conditions (rain/fog/snow), the
presence or absence of other vehicles, the type of roadway
or other vehicle and/or environmental conditions. For
example, a driver of a vehicle traveling at a high rate of
speed may benefit from a longer illumination range, while
drivers traveling in fog may benefit from headlamps aimed
lower. Because road reflectance is generally variable, it is
not normally sufficient to look only at the illumination on the
road to determine the illumination range. Rather, it is
generally useful to look at the light level gradient with
increasing distance on the road surface.

As is shown in FIG. 3, road illumination decreases as the
distance from the vehicle increases. By looking at a vertical
strip of pixels in the image corresponding to a particular
horizontal angle and a range of vertical angles and compar-
ing the change in brightness across this strip to an appro-
priate curve in FIG. 3, based on the mounting height of the
low-beam headlamps for a particular vehicle, the current aim
of the headlamps can be determined and adjusted to provide
a desired illumination range. Alternatively, a vertical linear
array of photosensors can be used to image road illumination
and, thus, provide the road illumination gradient.

Further, in certain circumstances, reflections from lane
markings can be used to indicate when a road bend is ahead
of the controlled vehicle such that a direction of the head-
lamps of the controlled vehicle can be controlled to bend
with the road. Alternatively, in vehicles that include a
navigation system, e.g. a land-based system (such as Loran)
or satellite-based system (such as a global positioning sys-
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tem (GPS)), a direction of the headlamps of the controlled
vehicle can be varied based on a location of the vehicle.

Control of AFS Lighting Using an Image Sensor

Adaptive front lighting systems (AFSs) are a new gen-
eration of forward lighting systems, which contain a variety
of technologies for improving a vehicle’s forward illumina-
tion. In addition to standard low and high-beams, AFS
lighting systems may include, for example, the following
illumination modes:

bending lights—lamps in which the aim is varied hori-
zontally or separate lamps are lit to provide better
illumination when turning;

bad weather lights—lamps which provide good spread

illumination on the road immediately in front of a
vehicle to aid the driver in seeing obstacles in rain and
fog;

motorway lighting—Ilamps which provide a greater illu-

mination range at higher speeds when traveling on a
motorway (i.e., a road with lanes in opposite directions
separated by a median); and

town lighting—Ilamps with a shorter and wider illumina-

tion range appropriate for driving in town and reducing
glare to pedestrians and other drivers.

The goal of a typical AFS lighting system is to provide
automatic selection of the different lighting modes. For
example, rain sensing or fog sensing can be used to activate
bad weather lights and steering wheel angle can be used to
activate bending lights. However, the activation of the other
illumination modes is not as straight forward. That is,
activation of motorway lighting modes and town lighting
modes requires a knowledge of the environment. Vehicle
speed can be used to activate town lighting; however, it is
possible that the illumination range may be unnecessarily
reduced when traveling at a low speed out of town. Also,
ambient light level may be a useful indication of traveling in
a town. Finally, as is disclosed in U.S. patent application Ser.
No. 09/800,460, entitled “SYSTEM FOR CONTROLLING
EXTERIOR LIGHTS,” now U.S. Pat. No. 6,587,573, which
is hereby incorporated herein by reference in its entirety, a
vehicle including a global positioning system (GPS) with a
map database indicating the types of roads on which a
vehicle is traveling may be used to determine a proper mode
of lighting. However, such systems are expensive and map
data may not be available for all areas of the world.
Additionally, inaccuracies in GPS systems may occasionally
cause such a system to incorrectly identify the road on which
a vehicle is traveling.

According to the present invention, a town is detected
through the use of an optical sensor. A discrete light sensor
such as that described in PCT Application No. PCT/US00/
00677, entitled “PHOTODIODE LIGHT SENSOR,” by
Robert H. Nixon et al. and published Jul. 27, 2000 (WO
00/43741), which is hereby incorporated herein by reference
in its entirety, may be utilized. This sensor may be used to
measure the ambient light and also measure the 120 Hz (or
100 Hz in Europe) intensity ripple component, produced by
discharge street lighting powered by a 60 Hz AC source, by
obtaining several light level measurements during different
phases of the intensity ripple. If there is a significant AC
component in the ambient light level and the vehicle speed
is low (for example, less than 30 mph) it is likely that the
vehicle is traveling in a town with significant municipal
lighting and town lighting can be activated. By examining
the quantity of AC lights and the vehicle’s speed, town
driving conditions can be accurately determined. The mag-
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nitude of the AC component may be used in combination
with the ambient light level and the vehicle’s speed to make
a proper determination of the use of town lighting. For
example, if the ambient light level is sufficient such that
there would not be a significant safety risk from the reduced
illumination range, the speed of the vehicle is indicative of
driving in a town (e.g., below about 30 mph) and there is a
significant AC component in the ambient lighting, town
lighting may be activated.

Alternatively, the transition from normal low-beam light-
ing to town lighting may be continuous with the illumination
range being a continuous function of ambient lighting and
vehicle speed so as to produce a sufficient illumination range
for given conditions. This provides the benefit of ensuring a
safe illumination range and minimizing the glare to pedes-
trians or other vehicles. Finally, as an alternative to the use
of a discrete light sensor, a sensor array, such as an image
sensor, may be used to identify street lamps and activate
town lighting if the number of streetlamps detected in a
period of time exceeds a threshold (along with consideration
of the vehicle’s speed and ambient lighting). Methods for
detecting streetlamps using an image sensor are described in
detail in the above incorporated patent and patent applica-
tion. The light sensor may be provided in various places
throughout a motor vehicle, e.g., provided in a rearview
mirror housing. Further, such a light sensor may also be used
for various other functions (e.g., sun load), such as those set
forth in U.S. Pat. No. 6,379,013, entitled “VEHICLE
EQUIPMENT CONTROL WITH SEMICONDUCTOR
LIGHT SENSORS,” which is hereby incorporated herein by
reference in its entirety.

Motorway conditions can be also be determined by using
an image sensor to detect the lane separation or median of
a motorway. This can be accomplished by directly looking
at the angular movement of the headlamps of on-coming
vehicles in several subsequent images. The detection of the
movement of an object in a series of images is further
described in U.S. patent application Ser. No. 09/799,310
entitled “IMAGE PROCESSING SYSTEM TO CONTROL
VEHICLE HEADLAMPS OR OTHER VEHICLE
EQUIPMENT,” filed Mar. 5, 2001, to Joseph S. Stam et al.,
now U.S. Pat. No. 6,631,316, which is hereby incorporated
herein by reference in its entirety, FIG. 5 illustrates three
curves, which represent different motorway median widths,
and how the position of an on-coming headlamp in an image
varies as a function of the distance between two vehicles that
are traveling in different directions are converging. By
examining the position and brightness of the headlamp in an
image and by examining how the position of the headlamp
image varies over time for the given controlled vehicle’s
speed, the approximate spacing of the median can be deter-
mined and motorway lighting can be activated if the median
is of a sufficient width. Finally, if no headlamps are present,
and no tail lamps of leading vehicles are present, high-beams
can be activated.

Headlamp with Controllable Beam Pattern

FIG. 6A schematically illustrates an exemplary high-
performance headlamp, commonly referred to as a projector
headlamp, which is utilized in conjunction with a mask 603.
Abulb 602 is placed in front of a reflector 601. The bulb 602
may be of a conventional incandescent (e.g., tungsten-
halogen) type, high-intensity discharge (HID) type or other
suitable bulb type, or may be the output from a remote light
source as is described further below. A lens 604 directs light
from the bulb 602 and reflected by the reflector 601 down
the road. The mask 603 establishes a cutoff point to prevent
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light above the horizon 605 from being directed down the
road. The mask 603 absorbs or reflects light rays, such as
light ray 607, which would cause glare to another vehicle.
Light rays, such as light ray 606, which project below the
cutoff point, pass through lens 604 as they are not blocked
by the mask 603. The mask 603, typically, has a shape, such
as that shown in FIG. 6B, which contains a step allowing a
slightly higher cutoff point to the right of the vehicle.

A modification to this type of lamp construction includes
a solenoid to control the mask 603. Using the solenoid, the
mask 603 can be removed from the position in front of the
bulb 602. When removed, rays, such as the ray 607, project
through the lens 604 and down the road, thus, establishing
a much longer illumination range. In this way, the lamp with
mask 603 removed can function as a high-beam headlamp.

In the present invention, the mask 603 may also be
controlled by a motor to move vertically relative to the bulb
602, lens 604 and reflector 601, as shown in FIG. 6C. By
lowering the mask 603, the cutoff angle is raised and the
illumination range is extended. By raising the mask 603, the
cutoff angle is lowered and illumination range is reduced.
The movement of the mask 603 can be used to establish
different lighting functions, such as town or motorway
lighting, or to increase the illumination range gradually with
increased speed. Additionally, the movement of the mask
603 can also be used to establish the vertical aim of the
headlamp and therefore compensate for vehicle pitch varia-
tions as described herein above. This method of aiming the
headlamp is advantageous because only the relatively small
mask 603 requires movement, rather than the entire lamp set
which is moved in some auto-leveling systems today.

In another embodiment of the present invention, the mask
603 is replaced with a spatially controlled variable attenu-
ating filter. This filter can be formed as an electrochromic
variable transmission window, which has the capability to
selectively darken various regions of the window. This
window may contain a liquid or solid state (e.g., tungsten
oxide) electrochromic material that is capable of withstand-
ing the high temperatures achieved in close proximity to the
bulb. Alternatively, this window may be a liquid crystal
device (LCD), a suspended particle device or other
electrically, chemically or mechanically variable transmis-
sion device. A suitable electrochromic device is disclosed in
U.S. Pat. No. 6,020,987 entitled “ELECTROCHROMIC
MEDIUM CAPABLE OF PRODUCING A PRESE-
LECTED COLOR,” which is hereby incorporated herein by
reference in its entirety.

An example of such a variable transmission device 700 is
shown in FIGS. 7A and 7B. The device 700 is constructed
using two pieces of glass with electrochromic material
contained between. On the inner surface of each piece of
glass is a transparent conductive electrode, such as indium
tin oxide (ITO), which is patterned on at least one of the
surfaces to selectively darken different regions of the win-
dow by electronic control. In FIG. 7A, these regions are
horizontal strips 701, which may optionally contain a slight
step. By selectively darkening all the of strips 701, below a
certain level, a variable cutoff can be achieved analogous to
moving the mask 603 up or down as previously described
with reference to FIG. 6C. While there is some space shown
for clarity between each of the strips 701, in practice, this
spacing is very small. Therefore, the absorbing region below
the cutoff is essentially contiguous. Finally, it is possible to
only partially darken the various stripes, thereby forming a
more gradual cutoff.

Alternatively, the window 700 may contain several inde-
pendently controlled blocks 702 as shown in FIG. 7B. There
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may be any number of blocks, depending on the granularity
of control that is desired. By selectively darkening these
blocks, almost any desired beam pattern can be achieved.
For example, all blocks below a cutoff may be darkened to
achieve a low-beam pattern. All blocks may be transparent
to achieve a high-beam pattern. If an on-coming or preced-
ing vehicle is detected by an image sensor, as previously
described, blocks can be selectively darkened to block light
corresponding to the angles at which the vehicle is detected
and thereby glare to this vehicle can be prevented without
compromising the illumination to the remainder of the
forward field. Further, as used herein, distinct beam patterns
may be achieved in various manners, e.g., changing the
intensity or one or more light sources, changing the aiming
direction of one or more light sources, changing the distri-
bution of light provided by one or more light sources and/or
activating multiple light sources in combination.

Yet another alternative is for mask 603 to be constructed
as a spatially controlled reflector. Such a reflector may be a
reversible electrochemical reflector, such as that described in
U.S. Pat. Nos. 5,903,382; 5,923,456; 6,166,847; 6,111,685
and 6,301,039, the entire disclosures of which are hereby
incorporated herein by reference. In such a device, a reflec-
tive metal is selectively plated and de-plated on a surface to
switch between a reflective and transmissive state. A metal-
hydride switchable mirror, available from Phillips
electronics, may also be used to provide a spatially con-
trolled reflector. The spatially controlled reflector may be
formed as a single contiguous reflector, allowing for a switch
from high to low-beam or may be patterned, such as in
FIGS. 7A and 7B, to allow activation of individual segments
of the mirror and, thus, provide spatial control of the
transmitted beam. The use of a spatially controlled mirror
provides the advantage that a reflective device reflects light
rays 607 back into reflector 601 and, thus, these rays are
conserved, rather than absorbed and, as such, are available
to be projected in other areas of the beam. This provides a
headlamp with improved efficiency, as compared to head-
lamps that absorb light rays to provide a desired illumination
pattern. Additionally, by reflecting light rays, rather than
absorbing the light rays, the mask may not become as hot
and, thus, the headlamp becomes potentially more robust.

In yet another embodiment, a spatially controlled reflector
is used to construct a headlamp in accordance with FIG. 9.
A bulb 901 and reflector 902 form a light source, which
projects incident rays 906 onto a spatially controlled reflec-
tor 903. The light source may be any type of light source
suitable for automotive use, such as a halogen source, a
high-intensity discharge (HID) source or a light emitting
diode (LED) source. Incident rays 906 may also come from
a remote light source through a fiber bundle or light pipe.
The spatially controlled reflector 903 contains a plurality of
switchable mirrors 905, which can be turned on and which
reflect incident rays 906 (as reflected rays 907), which are
then projected by lens 904 down the road. When turned off,
the incident rays 906 are reflected away from the lens 904,
transmitted through the reflector 903 or absorbed and, thus,
not projected by the lens 904. Alternatively, the rays may be
redirected to increase the illumination of other portions of a
headlamp beam.

The spatially controlled reflector may be, for example, a
custom designed digital micro-mirror device (DMD) avail-
able from Texas Instruments. DMDs are micro-machined
arrays of tiny mirrors which can be switched between two
angles and are currently widely used for video projectors.
The application of a DMD to produce a spatially config-
urable headlamp is analogous to that of a video projector.
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However, high resolution, variable color and video frame
rates that are necessary for video projectors are not neces-
sary in a headlamp that utilizes a DMD. Thus, a control
system for a headlamp can be simpler than a control system
for a video projector. However, the present invention is not
limited to any particular number of mirrors or switching rate.
As few as one mirror for switching between two beam
patterns to many thousands of mirror segments for providing
a completely configurable beam pattern may be used.

As an alternative to a DMD, the spatially controlled
reflector may be constructed as a reversible electro-chemical
reflector or a metal-hydride switchable mirror as described
above. Finally, a solid mirror with a patterned attenuating
filter (such as an electrochromic filter or LCD) placed in
front of the mirror may be used to provide the same function.
It should be appreciated that controllable reflectors and/or
attenuators may be used to select a beam pattern, based upon
one or more driving conditions, at which point a control unit
(based upon input received from a sensor array) may cause
the reflector and/or attenuator to redirect or inhibit light that
would cause glare to a sensed object. As is described herein,
systems implementing a control unit in conjunction with a
sensor array are configurable to distinguish between
reflected light and light from another light source, through
manipulation of a light source or sources of a controlled
vehicle headlamp. In general, the light source(s) of the
headlamp embodiments of FIGS. 8 and 9 can be cycled such
that reflected light can be distinguished from light from
another light source. Further, depending upon the construc-
tion of the headlamp, the embodiment of FIGS. 7A-7B may
also be cycled to distinguish reflected light from light from
another light source.

The embodiment of FIG. 9 generally functions in a similar
manner as the previously described embodiments. By select-
ing which mirrors or mirror segments are on, the on/off duty
cycle of the mirror segments, or if the mirror segments are
continuously variable, the reflectance levels of any conceiv-
able beam pattern can be achieved. The lamp can provide a
basic low-beam function and/or provide high-beams, bend-
ing lamps, motorway lighting, bad weather lighting or any
intermediate state. Additionally, when used with a camera to
detect the direction to other vehicles, mirrors can be turned
off to prevent light rays in that direction from being pro-
jected and, thus, glaring the other vehicle. Further, as
mentioned above, the mirrors may be controlled such that
reflected light, e.g., a non-vehicular light source can be
distinguished from light provided by another light source,
e.g., a vehicular light source.

Yet another headlamp configuration suitable for use with
the present invention is described with reference to FIG. 8.
In this embodiment, the reflector 601, bulb 602, and mask
603 are replaced by a high-intensity LED array 801, which
is placed approximately in the focal plane of the lens 604.
High intensity LED arrays suitable for use as automotive
headlamps are described in PCT application PCT/US01/
08912, previously incorporated herein by reference, and in
U.S. patent application Ser. No. 09/835,238 to Roberts et al.,
filed Apr. 13, 2001. These arrays may produce white light
illumination through a binary-complementary combination
of amber and blue-green LED emitters.

LEDs 802 or groups of LEDs 802 in the LED array 801
are configured to be independently, and optionally variably,
energized by electronic control unit. The light from LEDs
802 (or groups of closely spaced LEDs) is projected to a
particular region in front of the lamp by the lens 604. By
selectively energizing these LEDs 802, a desired beam
pattern can be achieved in a fashion similar to that achieved
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by selectively darkening various blocks 702 in the previ-
ously described embodiment of FIG. 7B. For example, all
LEDs below a cutoff point may be energized to produce a
desired illumination range. If other vehicles are identified by
an imaging system, LEDs which project light in the direction
of the identified vehicle may be shut off or reduced in
intensity to prevent glare to the vehicle. All other LEDs may
remain lit to provide illumination in regions where no
vehicles are present. Further, in headlamps incorporating
LEDs, a portion of the LEDs can be dimmed or turned off
to distinguish on-coming vehicles from other light sources,
such as reflectors.

The above described embodiments provide headlamps
with a controllable and reconfigurable beam pattern. These
headlamps may be used with the methods described above
to provide a fully automatic vehicle forward light system,
which can provide numerous functions, including: low-
beams, high-beams, motorway lighting, town lighting, bad
weather lighting, bending lamps, auto leveling and anti-glare
control to prevent glare to on-coming or preceding drivers.
These particular lighting modes are only exemplary and
control may switch between discrete modes or may be
continuous.

Avariety of sensors may provide input to a control system
to determine the appropriate beam pattern for the given
driving conditions. These sensors may include, for example,
a camera, ambient light sensor, speed sensor, steering wheel
angle sensor, temperature sensor, compass, a navigation
system (e.g., a land-based (such as Loran) or satellite-based
(such as GPS), pitch sensors and various user input switches.
Additionally, it is envisioned that a driver input may be
provided for setting various preferences, such as the thresh-
olds for switching between various beam patterns, the
brightness of the lamps, the sharpness of beam cutoffs, the
color of the lamps, the degree of bending, etc. A GPS, user
input or factory setting may be provided to indicate the
location of the vehicle to ensure compliance with various
laws. Thus, identical lamp assemblies may be used in
various countries with a simple selection of location.

The control methods described herein may be utilized
with the lamp embodiments described herein or with other
lamp types. Similarly, the lamp embodiments described
herein may be controlled by a variety of methods, including
those described herein, those described in other references
incorporated herein or other methods. Finally, the lamp
embodiments described herein may be used alone, in any
number or configuration, or in conjunction with standard
lamps, fixed bending lamps, fog lamps, foul weather lamps
or other types of lamps. The control methods may control
both the configurable lamps and any other type of lamp.

In one embodiment of the present invention, various
external vehicle lights are used, such as high-intensity
discharge (HID) headlamps, tungsten-halogen and blue-
enhanced halogen headlamps, to provide greater ability to
distinguish reflections from various roadside reflectors and
signs from headlamps of on-coming vehicles and tail lamps
of leading vehicles. Additionally, specific spectral filter
material may be employed in combination with the external
vehicle lights to produce desired results.

It is generally desirable for an automatic vehicle exterior
light control system to distinguish headlamps of on-coming
vehicles and tail lamps of leading vehicles from non-
vehicular light sources or reflections off of signs and road-
side reflectors. The ability to distinguish these various
objects may be enhanced with optimal combination of
various color, ultra-violet and infrared spectral filters. FIG.

Mercedes EX1010, Part 1 of 3
U.S. Patent No. 9,955,551



US 6,861,809 B2

17

10 depicts plots of the spectral content of different types of
vehicular related light sources and FIG. 11 depicts plots of
the spectral reflectance of various colored signs. FIG. 12
depicts plots of the percent transmission of red and infrared
spectral filters used in one embodiment of the present
invention and FIG. 13 depicts a plot of the quantum effi-
ciency of an optical system in accordance with an embodi-
ment of the present invention. Numerical data depicted by
the plots of FIGS. 10-13 is utilized, as described in further
detail below, to categorize various light sources.

The brightness of a given detected light source can be
estimated by multiplying the spectral output of the source, as
shown in FIG. 10, by the infrared spectral filter transmission
factor, as shown in FIG. 12, multiplied by the spectral
response of the pixel array, as shown in FIG. 13. For red
filtered pixels, this value is further multiplied by the trans-
mission factor of the red spectral filter. The brightness of
detected reflections from road signs can be estimated by
multiplying the controlled vehicle’s headlamp spectral
output, as shown in FIG. 10, by the spectral reflectance
factor of the sign, as shown in FIG. 11, the infrared spectral
filter transmission factor, as shown in FIG. 12, and the
spectral response of the optical system, as shown in FIG. 13.
For red spectral filtered pixels, the preceding result is then
multiplied by the red spectral filter transmission factor, as
shown in FIG. 12.

The ratio in brightness between the object projected onto
the red filtered pixels in relation to the object projected onto
the non-red filtered pixels can be used to determine the
relative redness of an object. This ratio can then be utilized
to determine if the object is a tail lamp or a headlamp. FIG.
14 depicts the computed ratios of the brightness of objects
projected onto red filtered pixels relative to those same
objects projected onto the non-filtered pixels. As is shown in
FIG. 14, tail lamps have a much higher red-to-clear ratio
than headlamps, or most other objects.

Discrimination between light sources can be further
improved with the use of blue-enhanced headlamps. Such
headlamp bulbs are commercially available and produce a
bluer, or cooler, color light that more closely approximates
natural daylight. These headlamp bulbs are sometimes used
in combination with high-intensity discharge (HID), low-
beam lights to more closely match the color. Finally,
halogen-infrared (HIR) bulbs, which contain a coating to
reflect infrared light back into the bulb, have a cooler light
output and may be used. HIR bulbs have the advantage of
emitting less red light as a percentage of their total output,
as shown in FIG. 10. As a result, the image of signs
reflecting light will have a lower brightness on red filtered
pixels than on non-red filtered pixels. Other light sources,
which emit less red light in proportion to the total amount of
light, may be advantageously used to minimize the false
detection of road signs and reflections off of other objects;
HID high-beam lights and LED headlamps are examples of
such sources.

It is common to classify the color of white light sources
(such as headlamps) by their color temperature or correlated
color temperature. Light sources with a high color tempera-
ture have a more bluish hue and are, misleadingly, typically
called “cool-white light” sources. Light sources with a more
yellow or orangish hue have a lower color temperature and
are, also misleadingly, called “warm white light” sources.
Higher color temperature light sources have a relatively
higher proportion of short wavelength visible light to long
wavelength visible light. The present invention can benefit
from the use of higher color temperature headlamps due to
the reduced proportion of red light that will be reflected by
signs or other objects that could potentially be detected.
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Correlated color temperature for non-perfect Planckian
sources can be estimated by computing the color coordinates
of the light source and finding the nearest temperature value
on the Planckian locus. Calculation of color coordinates is
well known in the art. The text entitted MEASURING
COLOUR, second edition, by R. W. G. Hunt, incorporated
in its entirety herein by reference, is one source for known
teachings in the calculation of color coordinates. Using the
CIE 1976 USC (u', v') color space, a standard halogen
headlamp was measured to have color coordinates of
u'=0.25 & v'=0.52. From these coordinates, a correlated
color temperature of 3100 Kelvin is estimated. The blue-
enhanced headlamp of FIG. 10 has color coordinates of
u'=0.24 and v'=0.51 and, thus, a correlated color temperature
of approximately 3700 Kelvin. A measured high-intensity
discharge (HID) headlamp has color coordinates of u'=0.21
and v'=0.50 and, thus, a correlated color temperature of 4500
Kelvin. In general, the present invention can benefit when
the controlled vehicle is equipped with headlamps having a
correlated color temperature above about 3500 Kelvin.

FIG. 15A schematically illustrates a headlamp 1500,
which includes a rotatable mask 1503 and a bulb 1502 that
is positioned in front of a reflector 1501. The bulb 1502 may
be of a conventional incandescent (e.g., tungsten-halogen)
type, high-intensity discharge (HID) type or other suitable
bulb type, or may be the output from a remote light source
as is described above. A lens 1504 directs light from the bulb
1502 and reflected by the reflector 1501 down the road. The
mask 1503 establishes a cutoff point to prevent light verti-
cally above the horizon 1505 from being directed down the
road. The mask 1503 absorbs or reflects light rays, such as
light ray 1507, which may cause glare to another vehicle and
allows an illumination pattern provided by the headlamp
1500 to be changed. Light rays, such as light ray 1506,
which project below the cutoff point, pass through lens 1504
as they are not blocked by the mask 1503.

The mask 1503, may have a number of different shapes,
such as the oval shown in FIG. 15B, and may be imple-
mented as an irregular cylinder that is coupled to a motor M,
e.g., a stepper-motor, off-center so as to achieve a variable
illumination pattern as the mask 1503 is rotated, i.e., the
mask 1503 changes how much light is blocked as it is
rotated. In this manner, the mask 1503 can provide an
oblong profile in the vertical direction, when the mask 1503
is implemented as an oval cylinder.

In a typical illumination system that implements the
headlamp 1500, a control unit receives electrical signals
from a sensor array and controls the rotated position of the
mask 1503, by sending control signals to the motor M, to
achieve a desired illumination pattern. It should be appre-
ciated that a homing or feedback technique may be
employed to assure that the mask 1503 is in a known
position and, thus, able to provide a desired illumination
pattern. As the mask 1503 is rotated the amount of light that
is attenuated by the mask 1503 changes and in this manner
the movement of the mask 1503 can be used to establish a
wide variety of different lighting functions. Since the rota-
tion of the mask 1503 can be used to establish a vertical aim
of the headlamp 1500, vehicle pitch variation compensation,
as described herein above, can also be achieved. This
technique of aiming a headlamp is advantageous as only the
relatively small mask 1503 requires movement, rather than
the entire lamp set which is moved in some commercially
available auto-leveling systems.

FIG. 16A schematically illustrates a headlamp 1600,
which includes a rotatable mask 1603 that includes a plu-
rality of profiles, according to another embodiment of the
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present invention. These profiles allow an illumination pat-
tern to be controlled in both horizontal and vertical direc-
tions. The headlamp 1600 includes a bulb 1602 that is placed
in front of a reflector 1601. The bulb 1602 may be of a
conventional incandescent (e.g., tungsten-halogen) type,
high-intensity discharge (HID) type or other suitable bulb
type, or may be the output from a remote light source as is
described above. A lens 1604 directs light from the bulb
1602 and reflected by the reflector 1601 down the road. The
mask 1603 establishes a cutoff point to prevent light above
the horizon 1605 from being directed down the road. The
mask 1603 absorbs or reflects light rays, such as light ray
1607, which would cause glare to another vehicle. Light
rays, such as light ray 1606, which project below the cutoff
point, pass through the lens 1604 as they are not blocked by
the mask 1603.

The mask 1603 may simultaneously have a number of
different incorporated profiles, such as the profiles shown in
FIGS. 16B and 16C, and is coupled to a motor M, e.g. a
stepper-motor, at an end so as to achieve a variable illumi-
nation pattern as the mask 1603 is rotated to select a desired
profile. For example, by providing different horizontal pro-
files one can effect where light is aimed, e.g., left or right,
and/or change the width of a light beam. Similar to the
headlamp 1500, the headlamp 1600 may function with a
control unit that receives electrical signals from a sensor
array and controls the rotated position of the mask 1603, by
sending control signals to the motor M, to achieve a desired
illumination pattern. It should be appreciated that a homing
or feedback technique may also be employed to assure that
the mask 1603 is in a known position and, thus, able to
provide a desired illumination pattern.

As with the rotation of the mask 1503, the rotation of the
mask 1603 can also be used to establish different lighting
functions, such as town or motorway lighting, or to increase
the illumination range gradually with increased speed.
Additionally, the rotation of the mask 1603 can also be used
to establish both vertical and horizontal aim of the headlamp
and therefore also compensate for vehicle pitch variations,
as described herein above. This method of aiming the
headlamp is also advantageous due to the fact that only the
relatively small mask 1603 requires rotation.

The above description is considered that of the preferred
embodiments only. Modification of the invention will occur
to those skilled in the art and to those who make or use the
invention. Therefore, it is understood that the embodiments
shown in the drawings and described above are merely for
illustrative purposes and not intended to limit the scope of
the invention, which is defined by the following claims as
interpreted according to the principles of patent law, includ-
ing the Doctrine of Equivalents.

What is claimed is:

1. A system for controlling at least one exterior vehicle
light of a controlled vehicle, the system comprising:

an array of sensors capable of detecting light levels in

front of the controlled vehicle; and

a control unit in communication with the array of sensors

and the at least one exterior vehicle light, the control
unit determining an estimated distance and an angle
from the at least one exterior vehicle light of the
controlled vehicle to a leading vehicle, wherein the
control unit is operable to control operation of the at
least one exterior vehicle light as a function of the
estimated distance and angle based on output from the
array of sensors and prevent the at least one exterior
vehicle light from providing a disruptive glare to a
driver of the leading vehicle.
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2. The system of claim 1, wherein the at least one exterior
vehicle light includes two low-beam headlamps.

3. The system of claim 1, wherein the control unit
prevents the disruptive glare by causing the at least one
exterior vehicle light to be one of aimed downward and
reduced in intensity.

4. The system of claim 1, wherein the control unit
determines the estimated distance to a leading vehicle by
determining one of the brightness of a tail lamp of the
leading vehicle, determining the estimated distance between
two tail lamps of the leading vehicle and utilizing an output
signal provided by one of a radar, laser and ultrasonic sensor.

5. The system of claim 1, wherein the array of sensors is
a two-dimensional array of sensors that is incorporated
within a camera.

6. An illumination control system for controlling at least
one exterior vehicle light of a controlled vehicle, the system
comprising:

an array of sensors for generating electrical signals; and

a control unit in communication with the at least one

exterior vehicle light and operable to acquire and
process electrical signals received from the array of
sensors to determine an illumination gradient associ-
ated with the at least one exterior vehicle light on a road
surface, the control unit comparing a sensed illumina-
tion range, which is based on the illumination gradient,
to a desired illumination range and being operable to
control the at least one exterior vehicle light to achieve
the desired illumination range.

7. The system of claim 6, wherein the at least one exterior
vehicle light includes two low-beam headlamps.

8. The system of claim 6, wherein the control unit
achieves the desired illumination range and prevents dis-
ruptive glare by controlling at least one of an aim and
intensity of the at least one exterior vehicle light.

9. The system of claim 6, wherein the control unit
determines a distance to a leading vehicle by at least one of
determining the brightness of a tail lamp of the leading
vehicle, determining the distance between two tail lamps of
the leading vehicle and utilizing an output signal provided
by one of a radar, laser and ultrasonic sensor.

10. The system of claim 6, wherein the array of sensors is
a two-dimensional array of sensors.

11. The system of claim 6, wherein the desired illumina-
tion range is based on at least one of a constant, a controlled
vehicle speed, an ambient light level, weather conditions, a
presence of another vehicle, an absence of another vehicle
and a type of roadway.

12. An illumination control system for controlling at least
one exterior vehicle light of a controlled vehicle, the system
comprising:

a light sensor for generating electrical signals; and

a control unit in communication with the at least one

exterior vehicle light and operable to acquire and
process electrical signals received from the light sensor
to determine when the at least one exterior vehicle light
should transition to a town lighting mode, wherein the
light sensor provides an indication of an AC component
present in ambient light, and wherein the control unit
causes the at least one exterior vehicle light to transi-
tion to the town lighting mode when the AC component
exceeds a predetermined AC component threshold.

13. The system of claim 12, wherein the at least one
exterior vehicle light includes two low-beam headlamps.

14. The system of claim 12, further including:

a vehicle speed sensor coupled to the control unit and

providing an indication of a speed of the controlled
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vehicle, wherein the control unit only causes the at least
one exterior vehicle light to transition to the town
lighting mode when the speed of the controlled vehicle
is below a controlled vehicle speed threshold.

15. An illumination control system for controlling at least
one exterior vehicle light of a controlled vehicle, the system
comprising:

an imaging system for obtaining an image to a front of the

controlled vehicle, the imaging system including an
array of sensors each generating electrical signals rep-
resenting a light level sensed by the sensor; and

a control unit in communication with the at least one

exterior vehicle light and operable to acquire electrical
signals received from the array of sensors and to
separately process the electrical signals, wherein the
control unit is operable to examine a position and
brightness of an on-coming vehicle headlamp over
time, as indicated by the electrical signals provided by
the array of sensors to determine when a median width
is appropriate for the activation of a motorway lighting
mode, and wherein the control unit causes the at least
one vehicle light to transition to the motorway lighting
mode responsive to the determined median width.

16. The system of claim 15, wherein the at least one
exterior vehicle light includes two low-beam headlamps.

17. An illumination control system for controlling at least
one exterior vehicle light of a controlled vehicle, the system
comprising:

an imaging system for obtaining an image to a front of the

controlled vehicle, the imaging system including an
array of sensors each generating electrical signals rep-
resenting a light level sensed by the sensor;

a spatially controlled variable attenuating filter positioned

proximate the at least one exterior vehicle light; and

a control unit in communication with the at least one

exterior vehicle light and the attenuating filter, wherein
the control unit is operable to acquire electrical signals
received from the array of sensors and to process the
electrical signals and control the attenuating filter to
vary an illumination range of the at least one exterior
vehicle light in response to the electrical signals, and
wherein the control unit is operable to control the
attenuating filter to distinguish between vehicular and
non-vehicular light sources.

18. The system of claim 17, wherein the attenuating filter
is one of a liquid crystal device and an electrochromic
device.

19. The system of claim 17, wherein the attenuating filter
is controlled to vary the direction of the at least one exterior
vehicle light in response to the electrical signals.

20. The system of claim 17, wherein the array of sensors
is incorporated within a camera.

21. An illumination control system for controlling at least
one exterior vehicle light of a controlled vehicle, the system
comprising:

an imaging system for obtaining an image to a front of the

controlled vehicle, the imaging system including an
array of sensors each generating electrical signals rep-
resenting a light level sensed by the sensor;

a spatially controlled reflector positioned proximate the at

least one exterior vehicle light; and

a control unit in communication with the at least one

exterior vehicle light and the reflector, wherein the
control unit is operable to acquire electrical signals
received from the array of sensors and to process the
electrical signals and control the reflector to vary an
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illumination range of the at least one exterior vehicle
light in response to the electrical signals, and wherein
the control unit is operable to control the reflector to
distinguish between vehicular and non-vehicular light
sources.

22. The system of claim 21, wherein the reflector is a
metal-hydride switchable mirror.

23. The system of claim 21, wherein the reflector is a
digital micro-mirror device.

24. The system of claim 21, wherein the reflector is also
controlled to vary the direction of the at least one exterior
vehicle light in response to the electrical signals.

25. The system of claim 21, wherein the array of sensors
is incorporated within a camera.

26. The system of claim 21, wherein the at least one
exterior vehicle light is a headlamp and the reflector is
incorporated within the headlamp.

27. A system for controlling at least one headlamp of a
controlled vehicle, the system comprising:

an array of sensors capable of detecting light levels in

front of the controlled vehicle; and

a control unit in communication with the array of sensors

and the at least one headlamp, the headlamp having a
high color temperature and the control unit receiving
data representing the light levels detected by the array
of sensors to identify potential light sources, the control
unit distinguishing light that is emitted from the head-
lamp and reflected by an object from other potential
light sources, wherein the control unit is operable to
control operation of the at least one headlamp as a
function of the light levels output from the array of
Sensors.

28. The system of claim 27, wherein the color temperature
is greater than 3500 Kelvin.

29. The system of claim 27, wherein the color temperature
is 3700 Kelvin.

30. The system of claim 27, wherein the color temperature
is greater than 4500 Kelvin.

31. The system of claim 27, wherein the at least one
headlamp is a high-intensity discharge headlamp.

32. The system of claim 27, wherein the at least one
headlamp is at least one light emitting diode.

33. The system of claim 27, wherein the at least one
headlamp is a halogen-infrared headlamp.

34. The system of claim 27, wherein the at least one
headlamp is a halogen headlamp.

35. The system of claim 27, wherein the at least one
headlamp is a blue-enhanced halogen headlamp.

36. The system of claim 1, wherein the at least one
exterior light includes at least one headlamp, and wherein
the at least one headlamp provides the illumination at more
than two distinct beam patterns.

37. The system of claim 36, wherein the array of sensors
is a two-dimensional array of sensors that is incorporated
within a camera.

38. A control system for controlling at least one exterior
vehicle light of a controlled vehicle, the system comprising:

a processor; and

a memory subsystem for storing processor executable

code coupled to the processor, the processor executable

code when executed causing the processor to perform

the steps of:

determining a distance and an angle from the at least
one exterior vehicle light of the controlled vehicle to
a leading vehicle based on output from an array of
sensors; and

controlling the operation of the at least one exterior
vehicle light as a function of the distance and angle
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to prevent the at least one exterior vehicle light from
providing a disruptive glare to a driver of the leading
vehicle.

39. The system of claim 38, wherein the processor pre-
vents the disruptive glare by causing the at least one exterior
vehicle light to be one of aimed downward and reduced in
intensity.

40. The system of claim 38, wherein the processor deter-
mines the distance to a leading vehicle by determining one
of the brightness of a tail lamp of the leading vehicle,
determining the distance between two tail lamps of the
leading vehicle and utilizing an output signal provided by
one of a radar, laser and ultrasonic sensor.

41. A control system for controlling at least one exterior
vehicle light of a controlled vehicle, the system comprising:

a processor; and

a memory subsystem for storing processor executable

code coupled to the processor, the processor executable

code when executed causing the processor to perform

the steps of:

determining an illumination gradient associated with
the at least one exterior vehicle light on a road
surface based on output from an array of sensors;

comparing a sensed illumination range, which is based
on the illumination gradient, to a desired illumina-
tion range; and

controlling the at least one exterior vehicle light to
achieve the desired illumination range.

42. The system of claim 41, wherein the processor
achieves the desired illumination range and prevents dis-
ruptive glare by controlling at least one of an aim and
intensity of the at least one exterior vehicle light.

43. The system of claim 41, wherein the processor deter-
mines a distance to a leading vehicle by at least one of
determining the brightness of a tail lamp of the leading
vehicle, determining the distance between two tail lamps of
the leading vehicle and utilizing an output signal provided
by one of a radar, laser and ultrasonic sensor.

44. The system of claim 41, wherein the desired illumi-
nation range is based on at least one of a constant, a
controlled vehicle speed, an ambient light level, weather
conditions, a presence of another vehicle, an absence of
another vehicle and a type of roadway.

45. A control system for controlling at least one exterior
vehicle light of a controlled vehicle, the system comprising:

a processor; and

a memory subsystem for storing processor executable

code coupled to the processor, the processor executable

code when executed causing the processor to perform

the steps of:

examining a position and brightness of an on-coming
vehicle headlamp over time, as indicated by electri-
cal signals provided by an array of sensors, to
determine when a median width is appropriate for
the activation of a motorway lighting; and

causing the at least one vehicle light to transition to the
motorway lighting mode responsive to the deter-
mined median width.

46. A control system for controlling at least one exterior
vehicle light of a controlled vehicle, the system comprising:

a processor; and

a memory subsystem for storing processor executable

code coupled to the processor, the processor executable

code when executed causing the processor to perform

the steps of:

receiving electrical signals from an array of sensors;

controlling a spatial light modulator (SLM) to vary an
illumination pattern of the at least one exterior
vehicle light in response to the received electrical
signals; and
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controlling the SLM to distinguish between vehicular
and non-vehicular light sources.

47. The system of claim 47, wherein the SLM is also
controlled to provide redirected light to a portion of the SLM
that is contributing to the illumination pattern provided by
the at least one exterior light.

48. A method for controlling the forward lighting of a
motor vehicle, comprising the steps of:

receiving a vehicular input that includes at least one of a

vehicle turn rate, a vehicle wheel angle, a vehicle
compass direction, a vehicle pitch, a vehicle location,
and a weather condition;

determining a desired beam pattern based upon the
vehicular input;

receiving an image of a forward field of view of the motor
vehicle from an image sensor;

analyzing the received image; and

modifying the desired beam pattern based upon the ana-
lyzed image, wherein more than two distinct beam
patterns can be provided.

49. The method of claim 48, wherein the analyzing step
includes detecting oncoming or preceding vehicle light
sources.

50. The method of claim 48, wherein the beam pattern is
modified to prevent glare to detected oncoming or preceding
vehicles.

51. The method of claim 48, wherein the analyzing step
includes determining a light gradient on a road.

52. The method of claim 48, wherein the beam pattern is
modified to achieve the desired illumination range based
upon the light gradient on the road.

53. The system of claim 1, wherein the angle determined
by said control circuit includes a vertical component.

54. The system of claim 1, wherein the at least one
exterior vehicle light includes two low-beam headlamps,
and wherein said control unit prevents disruptive glare by
causing the low-beam headlamps to be aimed downward.

55. The system of claim 1, wherein the at least one
exterior vehicle light includes two low-beam headlamps,
and wherein said control unit prevents disruptive glare by
causing the low-beam headlamps to be reduced in intensity.

56. The system of claim 12, wherein the control unit is
operable to examine a position and brightness of an
on-coming vehicle headlamp over time, as indicated by the
electrical signals provided by the light sensor to determine
when a median width is appropriate for the activation of a
motorway lighting mode, and wherein the control unit
causes the at least one vehicle light to transition to the
motorway lighting mode responsive to the determined
median width.

57. The system of claim 12, wherein the light sensor is a
discrete light sensor.

58. The system of claim 15, wherein the control unit
determines when the at least one exterior vehicle light
should transition to a town lighting mode, wherein the array
of sensors provides an indication of an AC component
present in ambient light, and wherein the control unit causes
the at least one exterior vehicle light to transition to the town
lighting mode when the AC component exceeds a predeter-
mined AC component threshold.

59. The system of claim 27 and further comprising a red
filter for filtering the light incident on at least a portion of
said array of sensors.
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DECLARATION OF JOSEPH S. STAM

I, Joseph S. Stam., hereby declare, affirm and state the following;:
L INTRODUCTION

1. I have been retained for this Reexamination proceeding. I understand that this
Declaration is being submitted along with a Reexamination Request of U.S. Patent No. 9,955,551

(“the ‘551 Patent”). I opine only with respect to certain issues that are discussed in this declaration.

IL RESOURCES CONSULTED

2. I have reviewed the ‘551 Patent, including claim 6 filed with the U.S. Patent and
Trademark Office (“Office”) and new claims 24-87 filed in conjunction with this Reexamination
Request. I have also reviewed the following references: W001/70538 (“Stam PCT”), U.S. Patent
No. 6,406,172 (“Harbers”), U.S. Patent No. 6,587,573 (“Stam ‘573”), U.S. Patent No. 6,281,632

(“Stam ‘632”) and U.S. Patent No. 6,861,809 (“Stam ‘809”).

III. BACKGROUND, QUALIFICATIONS AND COMPENSATION

3. I received a bachelor’s degree in 1996 from Hope College in engineering physics
and computer science, and an M.S. degree from Michigan State University in electrical
engineering with an emphasis in solid state electronic devices with elective coursework in optics
and image processing. My curriculum vitae is attached to this report as Exhibit OTH-B.

4, [ was lead engineer for imaging products at Gentex Corporation, a Tier 1
automotive supplier of rear-view mirrors and camera-based driver assistance systems, between
1996 and 2007. During my time at Gentex I worked on all facets of Gentex’s product line, with a
specific focus on improving image detection systems for automatic high beam applications.

5. During that time period, [ was an inventor on 46 patent applications, most of which
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related to the intersection of improving image detection systems and the related control systems to
provide more robust forward lighting. I was actively involved in intellectual property issues
including patent prosecution, licensing and overall intellectual property strategy and am an
inventor on nearly 100 U.S. patents and numerous foreign patents.

6. At Gentex, I was instrumental in creating a complete microelectronics production
competency for wafer-level sensor testing through image sensor package assembly. I designed
camera optics and optical assembly methods and developed proprietary pattern recognition
algorithms, obtaining extensive experience with neural networks and statistical pattern recognition
techniques.

7. Also, while at Gentex Corporation, I was lead designer of electronics hardware and
software algorithms. I managed the design of several generations of high sensitivity and high
dynamic range custom DMOS image sensors. I was chief engineer for research, development and
production for Gentex’s SmartBeam™ automatic high beam headlamp control product. The
SmartBeam™ headlamp control product is a miniature machine vision system, which uses a
CMOS camera and proprietary algorithms to detect and respond to traffic. This product has sold
millions of units to date and was awarded Popular Science 2005’s Best of What’s New award as
well as an Automotive News PACE award.

8. Between 2007 and 2012, after my employment at Gentex, I was principal vision
architect at NVIDIA, a computer systems design services company. In that capacity, my principal
responsibilities involved hardware architectures and software efforts related to computer vision
and machine learning. More specifically, I led NVIDIA’s early investigation into computer vision
and machine learning and managed the team responsible for computer vision for smartphones and

other mobile devices. Other responsibilities included leading image and video processing efforts
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for professional digital cinema and photography markets and initial developments in automotive
computer vision and other applications.

0. Since 2012, [ have been employed as a senior software engineer at Jump Trading,
LLC, a proprietary trading firm with a focus on low latency algorithmic and high-frequency trading
strategies. More specifically, my responsibilities include software optimization for high speed
trading, computational data analytics, analysis of financial market data and feeds, trading
infrastructure design, and vendor relationship building.

10.  For my work on this reexamination matter, I am being compensated at a rate of

$400/hour.

IV. LEVEL OF ORDINARY SKILL IN THE ART

11.  Ihave been informed by counsel that a person of ordinary skill in the art (POSITA)
for the invention claimed in the ‘551 Patent, would have had a Master’s of Science Degree (or a
similar technical Master’s Degree, or higher degree) in an academic area emphasizing electrical
engineering, computer engineering, or computer science with experience or education in optics
and imaging systems or, alternatively, a Bachelor’s Degree (or higher degree) in an academic area
emphasizing electrical, computer engineering or computer science and having two or more years
of experience in the field of optical and imaging systems.

12. I agree with the above statement regarding the appropriate level of ordinary skill in
the art for the ‘551 Patent. My opinion is based on my review of the patent, as well as my
knowledge of the level of skill of individuals in this field. In forming my opinions, I have also
considered the nature of problems that the ‘551 Patent was intended to solve, and the education

level of active professionals in the field.
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V. RELEVANT LEGAL STANDARD

13. I am not a lawyer and do not purport to offer legal opinions. In forming my
opinions, however, I have been asked to apply certain standards regarding patentability that have
been provided to me by counsel.

14. I understand that for purposes of this reexamination the terms in the claims of the
‘551 patent and the new claims as presented in this reexamination are to be given their broadest
reasonable interpretation in light of the specification of the ‘551 Patent, as understood by one of
ordinary skill in the art as of the earliest priority date of the ‘551 Patent.

15.  Itis my understanding that a claim is obvious if a reference alone or in combination
with one or more prior art references discloses, expressly or inherently, every claim limitation so
as to render the claim, as a whole, obvious. In determining whether or not a patented invention
would have been obvious, the following factors should be considered: (a) the scope and content of
the prior art; (b) the differences between the prior art and the claims at issue; (c) the level of
ordinary skill in the art; and (d) any “secondary considerations” that may be present.

16.  Tunderstand that a patent claim composed of several elements is not proved obvious
merely by demonstrating that each of its elements was independently known in the prior art;
however multiple prior art references or elements may, in some circumstances, be combined to
render a patent claim obvious. I understand that I should consider whether there is an “apparent
reason” to combine the prior art references or elements in the way the patent claims to protect
against the distortion caused by hindsight. Along the same lines, I understand that the ‘551 Patent
cannot be used as a blueprint to piece together the prior art in order to combine the right references
in the right way to create the claimed invention. To determine whether such an “apparent reason”

exists to combine the prior art references or elements in the way a patent claims, I understand that
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it is often necessary to look to the interrelated teachings of multiple patents, to the effects of
demands known to the design community or present in the marketplace, and to the background
knowledge possessed by a person having ordinary skill in the art. In sum, I understand that
obviousness requires the additional showing that a POSITA at the time of the invention would
have selected and combined those prior art elements in the normal course of research and
development to yield the claimed invention.

17. I also understand that when the prior art “teaches away” from combining prior art
references or certain known elements, discovery of a successful means of combining them is less
likely to be obvious. A prior art reference may be said to “teach away” from a patent when a
POSITA, upon reading the reference, would be discouraged from following the path set out in the
patent or would be led in a direction divergent from the path that was taken by the patent.
Additionally, a prior art reference may “teach away” from a claimed invention when substituting
an element within that prior art reference for a claim element would render the claimed invention
inoperable.

18. I further understand that if a proposed modification or combination of prior art
references would change the principle of operation of the prior art being modified, then the

teachings of the references are not sufficient to render the claims obvious.

VL. CLAIM CONSTRUCTION

19. I understand that during a reexamination, the Patent and Trademark Office
determines the scope of claims in patent applications by giving claims their broadest reasonable
interpretation in light of the specification as it would be understood by one of ordinary skill in the
art. I further understand that the broadest reasonable interpretation does not mean the broadest

possible interpretation. Rather, the meaning given to a claim term must be consistent with the
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usage of the term in the claims, the specification and drawings. Further, the broadest reasonable
interpretation must be consistent with the interpretation that those skilled in the art would reach.

20. Consistent with the disclosure in the ‘551 Patent and usage of the term in the claims,
a person of ordinary skill in the art would construe the term light source to mean “individual
LED”.! As the Detailed Description of the 551 Patent makes clear,

[t]he system is built around a ‘digital’ light source. That is, the emanating
lighting effect is the sum of the characteristics of a multiplicity of discretely
controllable ‘digit’ sources. The difference between the individual ‘digit’ light

sources and their summation manifests itself in the resultant light characteristic, be

in its intensity, spatial intensity distribution, spectral energy content and spectral

intensity distribution ... Therefore, the illuminating device may be described as a

‘digital’ light source or as a Multiple Solid-state Lighting Source (MSLS),
comprising many ‘digits’, SLSs, and essentially replaces the lamp of present-day

luminaries.

(Ex. PAT-A, 551 Patent at 16:39-17:2, emphasis added.)
The disclosure in the ‘551 Patent repeatedly and consistently describes the ‘551 invention as

comprising a “digital” light source that provides “digital control,” the “invention comprises a novel

multi-light source approach to the design and construction of solid-state lighting fixtures (vs.
solid-state lamps), which is termed a “Digital Lighting Fixture,” due to the control of

individual lighting element “digits” to provide the “correct” lighting solution for the situation at

hand.” (Ex. PAT-A, ’551 Patent at 11:8-13, emphasis added.) A person of ordinary skill in the
art understands that a solid-state light source (SLS) uses light-emitting diodes as a light source,

rather than electrical filaments, plasma or gas.

! For ease of reference, all claim language will be italicized.
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21.  The “551 Patent goes on to explain how the “digital aspect” of the illuminating
device gives rise to the desired “digital” “control capability™:

The multiple light sources of specific characteristics provide quanta of power and

spectrum which are smoothly added or detracted to generate a changed lighting

effect. The digital aspect arises from the sufficient progression of values, varying

by minutes to produce a continuum so as to be non-discernable or irrelevant to the

user. The added controllability is realized by breaking up the light-production,

into discrete, specifically aimable, and dimmable elements which can be

addressed by control electronics for the purpose of affecting the intensity,

spectrum and spatial distribution of spectrum and of intensity of the illumination
provided by the luminaire of the present invention.

The overall combination of control capability and discrete light sources yields a

digital lighting fixture. The terminology “digital” as used herein refers to the

discrete nature of the multiple LED lamps provided in the luminaire, whereby

“digital” control results from the individual control of the discrete, i.e. ‘digital’

lighting elements, the LEDs, in the luminaire.”

(Ex. PAT-A, ’551 Patent at 2:51-3:3, emphasis added.)
22.  The specification of the ‘551 Patent further states:

[tlhe advance over prior art is a solid-state light source with increased: 1.
Efficiency—more effective lumen per watt electricity. 2. Durability—physical
strength, life expectancy, lumen maintenance and spectral stability. 3. Lighting
quality—as related to visual comfort and “atmosphere”. 4. Functionality—ability
to control the light placement, intensity and color temperature and do so as

needed. 5. Energy savings 6. Lower overall lifecycle cost.

(Id. at 11:66-12:6, emphasis added.)

In reference to the control functionality, the specification of the ‘551 Patent states:

Integrating the light source with power conditioning electronics, control
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circuitry and sensors gives additional cost benefits and functionality including:
1. Mass production capability 2. Sealed-for-life fixture 3. Exact optical
performance less spill light 4. Compact design 5. Feedback control and recalibrated

color consistency over the device lifetime 6. Real-time lighting needs adaptability.

In summary, as opposed to LED industry trends of going with a single large
source, the present invention provides multiple smaller sized sources of
differing characteristics such that their combined effect is greater than that which
could have been offered by sum of the individual parts operating separately. The
added controllability offered by breaking the total light output up into discrete
(“digital”) specifically aimable and dimmable elements which can be
addressed by control electronics to effect intensity, spectrum and spatial
distribution of intensity and spectrum, yields a lighting fixture (vs. lamp) of

unparalleled performance.

Unique to this patent is the approach. It is the approach of a lighting
manufacturer who provides lighting solutions versus that of a lamp manufacturer

who produces a generic lamp

The process includes determining: the correct lighting practice for the
application; the surroundings; the selection and placement of light sources and
their integration with the mechanical support and; electronic control elements to

realize the objective.

(Id. at 12:7-13,24:37-47, 11:62-65, 13:63-65 emphasis added.)

Relatedly, the specification of the ‘551 Patent ties the control functionality to the ability to
“adjust power to SLS”:

In a preferred embodiment the DLF contains legic control electronics unit 7.
Logic control electronics unit, 7, receives input and/or feedback from motion,

intensity and/or spectral sensors 8, or from manual control button 9 and
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increases or decreases or turns on or shuts off the power to one or more of the
SLS to effect the desired change. That is, the control logic unit 7 has stored
parameters for intensity and spectral distribution and operates the MSLS lamp
within the predefined range. The control unit may include a DSP or computer with
storage media, computer algorithms, signal input and output electronics, analog to
digital converters, and communications elements to carry out intensity, distribution,
dimming and color balance control. Computer algorithms and instruction sets 7A
are induced by the logical controller to manipulate data, calculate results generate
output signals and maintain the operating parameters within the specifications.
Measured parameters are checked against the stored parameters and the

control circuitry adjusts the power to SLS.

(Id. at 25:34-52, emphasis added.)

23.  Finally, the Field of the Invention expressly excludes traditional lighting sources:
“[t]he invention relates to multiple light source illuminating devices intended to replace
incandescent, fluorescent and HID luminaires in general and specialty lighting applications.”? (Ex.
PAT-A, 551 Patent at 1:33-36, emphasis added.)

24.  Notably, the laundry list of potential light sources listed at 16:47-51, is not

applicable to the claimed light source, when read in the context of the overall specification and the

usage of the term light source in the claims. By way of example, it wouldn’t make sense to
construe the term light source to include incandescent, fluorescent and HID light sources, as claim
1 would then be directed to an illuminating device with a “multiplicity of independently

controllable” incandescent, fluorescent or HID light sources.

2 A person of ordinary skill in the art understands that HID is the abbreviation for high-intensity
discharge (HID) lamps, which are a type of electrical gas-discharge lamp which produces light by
means of an electric arc between tungsten electrodes housed inside a translucent or transparent

fused quartz or fused alumina arc tube.
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25.  Accordingly, in view of the specification of the ‘551 Patent and the claim language,
a person of ordinary skill in the art (POSITA) would construe the claim term light source to mean
an individual LED.

VII. BACKGROUND OF AUTOMOTIVE LIGHTING INDUSTRY

26.  As of 2001, researchers were developing technologies for continuously variable
headlamps, able to change the intensity of light and/or the direction of light emitted by the
headlamps. (Ex. PA-C, Stam ‘632 at 1:21-24.)

27.  Perthe ‘632 patent filed in April, 2000, the intensity of headlamp illumination could
be “accomplished in several different” ways by: 1) providing “a pulse width modulated (PWM)
signal to the headlamp and “varying the duty cycle of the headlamp power”, 2) providing a “PWM
signal to a lamp driver integrated circuit”, 3) through high intensity discharge (HID) headlamps—
” a new, highly efficient headlamp technology”—wherein “ballasts used to power HID lamps can
be directly supplied with a control signal to vary headlamp illumination intensity”; and 4)
providing “an attenuating filter to absorb some of the light emitted from the headlamp.” (/d. at
1:26-48.)

28.  In 2001, there were also several known means for changing the direction of light
emitted from headlamps:

Headlamp aim can be varied using actuators [such as stepper motors] to move the
headlamp housing relative to the vehicle. . .For headlamps with appropriately
designed reflectors, mechanically moving the light source relative to the reflector
can change headlamp beam direction as well as headlamp illumination intensity.
Additionally, with HID headlamps, the headlamp beam can be aimed by “deflecting
or perturbing the arc in such a way as to vary the lamp output.

(Id. at 1:52-65.)
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29.  Industry experts were also interested in continuously variable headlamps:
Automatic control of continuously variable headlamps offers several potential
benefits over automatic control of traditional on-off headlamps. Greater flexibility

for illumination is available, allowing headlamp illumination to be better adapted

to driving conditions. Also, continuously varying the headlamp illumination does

not create rapid changes in illumination that may startle the driver.

(/d. at 2:13-19.)

30.  As set forth in the ‘632 patent, “one of the oldest methods [for a continuously
variable headlamp] is to aim the headlamp in the same direction as steered wheels. Another
method increases the illumination range in proportion to vehicle speed.” (/d. at 2:22-24.)

31.  “Still another method of controlling headlamps has been developed for HID lamps.
The increased brightness and blueish color of the HID lamps is particularly disrupting to oncoming
drivers. Due to this disruptness effect, certain European countries require headlamp leveling
systems”. (Id. at 2:25-29.)

32.  However “[o]ne problem with current continuously variable headlamp control
systems is the inability to consider oncoming or leading vehicles in determining the illumination
range of the headlamps.” (Id. at 2:35-38.) Prior art solutions to modify illumination in view of
oncoming and leading vehicles suffered from several problems. In particular, prior art systems
lacked “color discriminating capability” and thus prior art imaging systems were “incapable of
accurately determining lateral and elevational locations of headlamps or tail lights at any distance.”
(Id. at 2:54-60.)

33.  As aresult, prior to July, 2002, several of my patent filings, e.g. US 09/800,460

filed in March, 2001, which issued as U.S. Patent No. 6,587,573 (“Stam °573”) in July, 2003,

focused on how to improve automatic high beam dimming functionality by improving image
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detection capability using an image array sensor to 1) distinguish “nuisance” light sources, tail
lights and oncoming lights to avoid unnecessary switching to low beams; and 2) develop a more
intelligent set of automatic high beam controls of halogen/HID light sources based on the location
of detected objects. (Ex. PA-D, Stam ‘573.)

34.  The patent applications I filed during this time, for example the ‘573 patent and its
related filings (‘’573 Family of Patents™), describe detailed methods for distinguishing “nuisance”
light sources, such as reflectors, street signs, streetlights and house lights, from taillights and
oncoming headlight sources using a coordinate-specific image array sensor and microprocessor
that employs various algorithms using location, brightness and color information.

35.  Relying on this image detection capability, control strategies were outlined to adjust
the illumination to avoid glare based on the identification or type of detected objects by 1) turning
them on/off or varying the intensity of the light sources and 2) changing the direction of the light
sources using motors. By way of example, representative illumination patterns are shown in Figs.
50A-50C of U.S. Patent No. 6,587,573. (Ex. PA-D, Stam ‘573, Figs. 50A-50C.)

36.  Inthe ‘573 Family of Patents, the auto high beam control teachings contemplated
halogen or HID light sources as those technologies were proven and reliable at the time. While I
was at Gentex, high-powered white light LED technology was still in a nascent stage, with LED
experts working on improvements to lamp technology and the related supportive environment
needed for LED applications. As we detailed in the ‘573 Family of Patents, LEDs suffered from
several technical constraints at the time, with issues related to product variability, power
restrictions, thermal load requirements, production of white light and lighting output.

37.  Although LEDs were known to be more energy efficient, the technology was overly

complex, unreliable and too costly for front headlights. As a result, in 2003 and for several years
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thereafter, those skilled in the art of auto headlight design and controls used LEDs for taillights
and interior spotlights but not front headlights. By way of example, see EP1391347, filed in 2003
by HELLA (a global developer and manufacturer of automotive lighting technology), is directed
to a pivoting, auto high-beam lamp devoid of any teaching of the use of LEDs (Ex. OTH-G,
Krukenbaum 347 patent) and U.S. Patent No. 6,752,523 filed in October, 2002 by Koito (a global
developer and manufacturer of automotive lighting technology), which discloses the use of LEDs
for taillights (Ex. OTH-H, Takahashi ‘523 patent).

38.  LED headlights were first used in vehicles in 2007-2008. See, Toyota’s use of a
partial LED headlight in 2007 and Audi’s introduction of full LED headlights in 2008. (Ex. 1,
Motor Authority, Ex. 2, Audi Technology Portal.) See, Koito’s development chronology, which
lists “Production and sales of the world’s first LED Headlamps™ in May 2007, HELLA’s product
history timeline, which lists “HELLA develops the first full LED headlamp for the Cadillac
Escalade Platinum” in 2008 and “First full LED headlamp with AFS functions Audi A8” in 2010.

(Ex. 5, Koito, pg. 1; Ex. 6, HELLA, pg. 1.)

VIII. SUMMARY OF THE ‘551 PATENT

39.  The ’551 Patent, entitled “Detector Controlled Illuminating System,” issued on
April 24, 2018 to inventor Yechezkal Evan Spero and is unassigned. The application which led to
the *551 Patent was filed on January 24, 2012, with a priority date of July 12, 2002. (Ex. PAT-A,
’551 Patent.)

40.  Per the Detailed Description, the ‘551 Patent introduced a system “built around a
‘digital’ light source”:

The system is built around a “digital” light source. That is, the emanating

lighting effect is the sum of the characteristics of a multiplicity of discretely
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controllable “digit” sources. The difference between the individual ‘digit’ light

sources and their summation manifests itself in the resultant light characteristic, be

in its intensity, spatial intensity distribution, spectral energy content and spectral

intensity distribution. All of these characteristics are also variable with time.
(Ex. PAT-A, ’551 Patent at 16:39-46, emphasis added.)

41.  The 551 Patent discloses a myriad of flexible applications for this digital light
source, centered around the “controllability offered by breaking the light output up into discrete
specifically aimable and dimmable elements,” which can be addressed by control electronics to
effect intensity, spectrum and distribution.” (Id. at 24:37-47.) For headlights, the disclosures
identify yet another level of control: “[t]he flexible characteristics of the DLF [digital lighting
fixture] allow for spatial variations of the intensity and spectral power distribution of the light over
the area covered. When the element of variation of intensity and SPD [spectral power distribution]
with time over the area covered is introduced another dimension of flexibility is introduced. These
properties are unique to the DLF and allow them to deal with dynamic lighting situations in a way
not afforded by prior-art lighting devices.” (Id. at 57:24-37.)

42.  The ‘551 Patent further explains how the “digital aspect” of the illuminating
devices gives rise to “digital” “control capability” for individual LEDs or selectable groups of
LEDs “which are smoothly added or detracted to generate a charged lighting effect”:

The multiple light sources of specific characteristics provide quanta of power and

spectrum which are smoothly added or detracted to generate a changed lighting

effect. The digital aspect arises from the sufficient progression of values. varying

by minutes to produce a continuum so as to be non-discernable or irrelevant to the

user. The added controllability is realized by breaking up the light-production,
into discrete, specifically aimable, and dimmable elements which can be

addressed by control electronics for the purpose of affecting the intensity, spectrum

and spatial distribution of spectrum and of intensity of the illumination provided by
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the luminaire of the present invention.

The overall combination of control capability and discrete light sources yields a

digital lighting fixture. The terminology “digital” as used herein refers to the

discrete nature of the multiple LED lamps provided in the luminaire, whereby

“digital” control results from the individual control of the discrete, i.e. ‘digital’

lighting elements, the LEDs, in the luminaire.

(Ex. PAT-A, °551 Patent at 2:51-3:3, emphasis added.)

43.  The ‘551 Patent also teaches how various applications can obtain a synergistic
effect from the controllability offered by “discrete specifically aimable and dimmable elements”
and image detection “devices capable of detection changes in the surrounding environment” “so
as to provide the optimal lighting solution in real-time.” (Ex. PAT-A, ‘551 Patent at 57:32-37.)
By way of example, the ‘551 Patent discloses:

Adaptive Frontal-lighting Systems which aid in seeing around curves and other
features in the road. In these systems the light distribution pattern and color
spectrum will be changed according to the instantaneous road conditions at hand.

Thus, the headlamp now has much more flexibility than the high beam/low beam

variation of today.
(Id. at51:43-49.)

44,  More particularly, the ‘551 Patent teaches how “[a]nalysis by a detector or an
imaging system of the oncoming vehicles position (using its headlights for example) can be used
to determine which exact aiming is the maximum allowable for any given traffic situation and road
layout.” (Id. at 52:62-65.)

45.  The ‘551 Patent further discloses glare-free adaptive driving beam systems:

“[u]sing color and pattern recognition techniques it is possible to determine what is a sign. It is

then possible to provide the equivalent of “task lighting” and use the controller and properly aimed
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SLS [solid state light source, e.g. LED] to follow and illuminate distant overhead and roadside
signs for a longer time, yet not blind oncoming traffic due to the narrow beam.” (Id. at 52:62 —
53:4))

These teachings are reflected in base claim 6 and the new claims. See, claim 6 and claims 24, 32
and 56 below, which are representative of the new claims. The full set of new claims can be found
at Ex. OTH-C, New Claims.

6. An illuminating device having automatic control of the light provided to an
illuminated area comprising:

a structure for incorporating illuminating device elements,

one or more light sources incorporated in the structure and in communication with a power
source;

electronic circuitry apparatus for the controlled powering of the light source and other
illuminating device elements;

one or more cameras placed on the structure for detecting coordinate-specific information
about the illuminated area, said camera in communication with power and control device
elements;

a controller integrated with the structure, in communication with the light source
controlling power circuitry, said controller arranged to processes the information
communicated from the camera and automatically control the light provided to the illuminated

area.

24.  Anilluminating device having automatic control of light provided to an illuminated
area comprising:

a structure for incorporating illuminating device elements, wherein the structure
comprises a motor vehicle;

a plurality of individually controllable LEDs incorporated in the structure via at least one
headlamp mounted to the structure, each headlamp including at least one of the LEDs, the

LEDs in communication with a power source,
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electronic circuitry apparatus for the controlled powering of the LEDs and other of the
illuminating device elements;

one Or more processors;

one or more sensors, including one or more cameras, placed on the structure for detecting
coordinate-specific information about the illuminated area, at least one of said cameras in
communication with power, and in communication with at least one of the one or more
Dprocessors;

a controller, including at least one of the one or more processors, integrated with the
structure via mounting, in communication with the LED controlling power electronic circuitry
apparatus, said controller arranged to process the information communicated from the
cameras and to automatically control the light provided to the illuminated area; and

memory storing instructions that, when executed by one or more processors of the
controller, enable the controller to:

determine first coordinates corresponding to an other vehicle, based on the coordinate-
specific information;

select a cluster of the LEDs that emit light toward at least a portion of the other vehicle
based on the LEDs having emission aimings associated with the first coordinates; and

change emission of the selected cluster of LEDs relative to emission of other LEDs not
included in the cluster to create headlamp illumination that preserves a first level of
illumination illuminating past the other vehicle while preventing glare to a driver of the other

vehicle.

32, Anilluminating device having automatic control of light provided to an illuminated
area comprising:

a structure for incorporating illuminating device elements, wherein the structure
comprises a motor vehicle;

a plurality of individually controllable LEDs incorporated in the structure via at least one
headlamp mounted to the structure, each headlamp including at least one of the LEDs, the
LEDs in communication with a power source,

electronic circuitry apparatus for the controlled powering of the LEDs and other of the

illuminating device elements;
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one Or more processors;

one or more sensors, including one or more cameras, placed on the structure for detecting
coordinate-specific information about the illuminated area and positioned to capture an image
of at least one target, at least one of said cameras in communication with power, and in
communication with at least one of the one or more processors;

a controller, including at least one of the one or more processors, integrated with the
structure via mounting, in communication with the LED controlling power electronic circuitry
apparatus, said controller arranged to process the information communicated from the
cameras and to automatically control the light provided to the illuminated area; and

memory storing instructions that, when executed by one or more processors of the
controller, enable the controller to:

create a beam of diminished illumination illuminating at least a portion of the at least one
target with non-glaring illumination, created within a broader field of illumination having
different intensity than the beam, by one or more changes to characteristics of first light of a
cluster of the LEDs providing the first light directed at the at least a portion and creating the
beam, the beam diminished in intensity relative to the broader field of illumination illuminating
at least above and on both sides of the beam; and

follow, based at least in part on data from one or more of the cameras, the at least one
target with the diminished illumination as the at least one target changes location relative to

the motor vehicle.

56.  Anilluminating device having automatic control of light provided to an illuminated
area comprising:
a structure for incorporating illuminating device elements, wherein the structure comprises a
motor vehicle;
a plurality of individually controllable LEDs incorporated in the structure via at least one
headlamp mounted to the structure, each headlamp including at least one of the LEDs, the
LEDs in communication with a power source;
electronic circuitry apparatus for the controlled powering of the LEDs and other of the
illuminating device elements;

one or more processors,
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one or more sensors, including one or more cameras, placed on the structure for detecting
coordinate-specific information about the illuminated area and positioned to capture an image
of at least one other vehicle ahead of the motor vehicle, at least one of said cameras in
communication with power, and in communication with at least one of the one or more
processors;

a controller, including at least one of the one or more processors, integrated with the structure
via mounting, in communication with the LED controlling power electronic circuitry
apparatus, said controller arranged to process the information communicated from the
cameras and to automatically control the light provided to the illuminated area; and

memory storing instructions that, when executed by one or more processors of the controller,
enable the controller to:

determine, based on data from one or more of the sensors, a vertical and horizontal position
associated with the at least one other vehicle;

select a first cluster of the LEDs based at least in part on at least one of the vertical and
horizontal position compared to known aimings of light associated with the first cluster, and
reduce intensity of illumination to non-glaring illumination of a first area associated with the
at least one other vehicle, relative to intensity of illumination on both sides of the first area at
elevations common with the first area illuminated by a second cluster of the LEDs, by control

of emission from the first cluster.

IX. THE ASSERTED REFERENCES
A. STAM PCT

46.  Filed on March 20, 2001, WOO01/70538 (“Stam PCT”) is directed to a system for
controlling exterior vehicle lights, wherein the control system “comprises an imaging system
configured to image the scene forward the controlled vehicle, and a control circuit for processing
the image of the scene obtained from the imaging system and for controlling the exterior lights to
change their beam pattern in response to objects detected in the processed scene.” (Ex. PA-A, Stam
PCT at 2-3.)

47.  Per Stam PCT, the control circuit can turn the lights on/off or change brightness
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and aim to produce beam patterns that avoid causing excessive glare:

Ideally the exterior lights are controlled such that if an observer is located in a
vehicle within a ‘glare area’ relative to the vehicle (i.e., the area in which the
observer would perceive the brightness of the exterior lights as causing excessive
glare), the beam illumination pattern is varied such that the observer is no longer in
the glare area. The perceived brightness and/or glare area of the headlamps (and/or
other exterior lights) may be varied by changing the illumination output of the one
or more of the lights forming the headlamps, activating or deactivating some or all
of the lights, altering the illumination pattern forward of the wvehicle, or a

combination of the above.
(/d atp.9.)

48. It should be noted that in the above portion of Stam PCT, activating or deactivating
“some or all of the lights” refers to low beam, high beam or side bending lights, which is distinct
from any teaching involving individual light emitters within a lamp.

49.  Though the Stam PCT teachings are directed to halogen/HID light sources, it
discloses two limited uses for LED applications. (/d. at 72-73.)

50. In view of the technical constraints that limited LED usage in headlights in 2001-
2002, we limited our use of LEDs to two applications—headlamp steering and flashing:

It has long been considered to be desirable to provide headlamps that can be steered
in the direction that the vehicle is turning. It is also desirable to provide forward
lighting that can be turned OFF, or substantially attenuated, for such a short period
of time that the driver does not notice that the lights are OFF. In this way, reflections
do not exist during image acquisition. Although a light emitting diode (LED) lamp
can be used to provide these features in a cost-effective manner, LED lamps

producing enough light to implement a vehicle headlamp are not commercially

available. LEDs suffer from a number of disadvantages that limit their application

in vehicle headlamps, not the least of which are the relatively small amounts of
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light produced by LEDs and manufacturability limitations when incorporating

LEDS having exotic constructions. Because of these disadvantages, LED lamps

have not been used to implement a vehicle headlamp despite the fact that LEDs are

more rugged, more energy efficient, and significantly longer lasting than other light
technologies. Additionally, means of producing white light from LEDS have only

recently become practical as discussed in U.S. Patent No. 5,803,579, entitled

ILLUMINATOR ASSEMBLY INCORPORATING LIGHT EMITTING

DIODES, issued to John K. Roberts et al. on September 8, 1998.

(Ex. PA-A, Stam PCT at 72-73, emphasis added.)

51. As aresult of these technical constraints, the Stam PCT disclosure is limited to two
LED applications that could be used as a complement to and/or as a substitute for halogen/HID
light sources, to address specific imaging challenges and improve auto high beam functionality.
(Id. at72-79.)

52. One of these LED applications focuses on the problem of flashing, which occurs
when reflections off an object, such as a sign, are misinterpreted by the image sensor as an
oncoming vehicle and trigger disruptive, rapid high/low beam flashing or cycling (repeatedly
turning high beams on and off). As one solution for headlamp flashing, we contemplated the use
of LEDs to rapidly reduce the light levels or turn the LEDs off, during an image-sampling interval,
so that the reflections do not exist or interfere with image acquisition and processing. If done fast
enough, the driver would not notice the change in light levels and the problem of flashing would
be rectified. Such rapid reduction of intensity would be difficult or impossible with halogen/HID
light sources. (Id. at 73-75.)

53.  The second LED application focused on an improved way to “steer” the light source
by replacing the halogen/HID light with an LED array that could be aimed at a fixed angle for auto

high beam applications. To facilitate “steering” for auto high beam applications, we disclosed use
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of an LED array to 1) help provide sufficient output light and 2) project light in more than one
direction, i.e., either horizontally (see Fig. 27) vertically (see Fig. 28) by providing a support
member with two different angled orientations. In all cases, the LEDs in each array were
connected together and operated by a single controller, such that the entire array would be on/off
or dimmed, as shown in Fig. 26a. (Id. at 77-79.)

54.  More specifically, in Fig. 26a, every optical radiation emitter (LED chip) 2603 is
electrically connected together “to electrical conductor strip 2607 through a wire bond 2609 and a
resistor 2611. Each of the emitters 2605 is connected to electrical conductor strip 2613 through a
bonding wire 2615 and a resistor 2617.” (Id. at 74.) Since electrical conductor strips 2607, 2613
are shown to be common to multiple LED chips, they necessarily are not individually controlled

or controllable.

55.  In Figs. 50a-50c, we illustrate the types of illumination beam patterns that can be

produced from the disclosed auto high beam applications. In each case, the light source is treated
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as a fixed block of light—whether halogen/HID or an LED array— that can be “steered” up/down
or right/left, treating an array of LEDs as a unit that would be operated together.

56.  Another headlamp configuration is depicted in Fig. 28, in which two LED arrays
are provided, for low and high beams, and each array is treated as a single unit to be operated
together:

[a]nother alternative design for a headlamp for providing low and high beams is
illustrated in Fig. 28. The headlamp 2800 includes a heat extraction member 2801
having two lamp sections 2803 and 2805. The heat extraction member 2801 is

configured to include the two lamp sections 2803 and 2805, each of which is

substantially identical to lamp 2601 [in Figs. 26a]. The heat extraction member

provides two front faces at an angle of 1° to 2°, and may advantageously be angled
at approximately 1.5°. The angle is exaggerated in Fig. 28 so that the angled

surfaces are readily visible.

(/d. at 79, emphasis added.)

o 2903

L SH - cris
1 7. 2

57.  Inreference to Fig. 28 and the two separate LED lamp sections, 2803 and 2805 for
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high and low beams, the specification states: “[b]y controlling the selection of the LEDs that are
illuminated, the headlamps can be aimed.” When read in context this sentence is consistent with
the Stam PCT teaching that one or more LED arrays can be controlled as a single unit and in that
capacity, the resulting beam formed by the headlamps can be steered and aimed.

58.  Inthe 573 Family of Patents and Stam PCT, we did not disclose a digital headlamp
that included individually controllable LEDs that could be controlled to illuminate a defined
coordinate-specific region. Neither the ‘573 Family of Patents nor Stam PCT teach or suggest
controlling the individual LED or a selectable group of LEDs within the array based on image
detection at a given coordinate-specific location.

59.  While the ‘573 Family of Patents and Stam PCT disclosed an improved
continuously variable lighting system that could adjust the intensity of the high beams and aim the
headlamp beam to avoid glaring an oncoming and/or preceding vehicle, in all cases, light was
treated as a fixed block to be moved or adjusted in a particular direction or manner. As a result,
the presence of one or more oncoming or preceding vehicles, would cause a driver’s field of view
to be lit primarily by the low beam lighting.

60.  Additionally, neither the Stam PCT nor the ‘573 Family of Patents disclose use of
a GPS or map data to generate coordinate-specific illumination patterns in response to upcoming
road curvatures. We mention use of GPS embodiments to determine the location of the vehicle
and whether the vehicle is on a residential, country or town street, to determine whether “super”
high beams were appropriate. We also disclose “bending lights” in which the light source aim is
varied horizontally or separate lamps are lit to provide better illumination when turning, which is
detected based on vehicle steering. As with the other embodiments, we viewed each individual

light source or an LED array as a single light source unit. We did not disclose individual control
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of the LEDs within an array into individually controlled elements or clusters. As such, we did not
disclose using image detection in combination with GPS and map data to generate illumination
patterns formed by individual controlled LEDs or selectable clusters of LEDs within an array in
response to upcoming road curvatures.

61. It was not until US Patent No. 6,861,809 which was filed on September 5, 2002 and
published on June 12, 2003 that we first described the use of individually controllable LEDs where
a portion of the LEDs within an array could be dimmed or turned off to avoid glaring an oncoming
vehicle. (Ex. PA-E, Stam ‘809 patent.) See Fig. 7b and the accompanying description:
“[a]lternatively, the window 700 may contain several independently controlled blocks 702 as
shown in Fig. 7B. There may be any number of blocks, depending on the granularity of control
that is desired. By selectively darkening these blocks, almost any desired beam pattern can be
achieved.” (Id. at 13:6-14:3, emphasis added.)

62.  To the best of my recollection, no other companies were offering LED headlamp
technology let alone contemplating this sort of LED-to-image correlation in 2003. Given the
nascent state of LED technology, those in the field of automotive lighting, were not contemplating
such LED applications at the time. As evidenced by two leading global headlamp suppliers, Koito
and HELLA, per their websites, it wasn’t until 2007 that the first LED headlamps were produced,
and fully adaptive LED headlamps were not developed until 2010. See, Koito’s development
chronology, which lists “Production and sales of the world’s first LED Headlamps” in May 2007,
HELLA’s product history timeline, which lists “HELLA develops the first full LED headlamp for
the Cadillac Escalade Platinum” in 2008 and “First full LED headlamp with AFS functions Audi
A8”1n 2010. (Ex. 5, Koito, at 1; Ex. 6, HELLA, at 1.)

63.  Prior to solving the issue of image detection, adaptive lighting technology that
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correlated the LED controls to coordinate-specific image detection was not feasible.

B. HARBERS
64. U.S. Patent No. 6,406,172 (“Harbers”) is directed to a headlamp and dynamic
lighting system with a light source comprising a plurality of opto-electronic elements, preferably
LEDs:

The use of a plurality of opto-electronic elements with a relatively high luminous
flux enables a vehicle headlamp to be manufactured having much more dynamic
lighting possibilities than the known vehicle headlamp. The opto-electronic
elements can be switched on and off, with the spatial distribution of the generated

light beam depending on the conditions.
(Ex. PA-B, Harbers at 2:6-11.)

In Harbers, the spatial distribution of the light beam is adjustable based on predefined inputs:

According to the invention, the spatial distribution of the light beam generated by
the light source is continuously adjustable...Preferably, the spatial distribution is
influenced by the speed of the vehicle, the rotational position of the steering wheel
of the vehicle, the weather conditions, and it can also be influenced by the driver.
Preferably, the spectral characteristics of the light beam generated by the light
source depend on the position in the light beam. The light beam comprises at least

two beam segments having essentially different spectral characteristics.
(Ex. PA-B, Harbers Abstract, numerical identifiers omitted.)

65.  Though Harbers is continuously adjustable by the driver or in response to a specific
set of defined inputs, Harbers doesn’t disclose any sensor capable of detecting objects or targets
in the illuminated area. Accordingly, while Harbers disclosed the use of LEDs in headlights, it

failed to disclose use of any form of image detection and associated controls and thus did not teach

adaptive lighting technology that correlated individual LED controls to image detection data.
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66.  Prior to the development of image detection systems--such as the kind disclosed in
the ‘573 Family of Patents— headlamp systems employed auto high beam technology that
generally relied on photodiode sensors, where any incident light would activate the photodiode
sensors and cause the headlamp to unnecessarily switch from high beam to low beam. As pointed
out in the ’573 Family of Patents, the inability to discriminate between light sources minimized
the effectiveness of prior art auto high beam technology. (Ex. PA-D, Stam ‘573 at 1:65 - 14:3.)
Additionally, prior to the image detection systems disclosed in the ‘573 Family of Patents,
continuously variable headlamps would aim the headlamp in the same direction as steered wheels
and/or increase illumination range in proportion to vehicle speed, providing variability but not in

reaction to the presence of oncoming or preceding vehicles. (Ex. PA-C, Stam 632 at 2:22-24.)

X. CLAIM 6 AND NEW CLAIMS 24-87 ARE PATENTABLE OVER THE
COMBINATION OF STAM PCT AND HARBERS

A. THE STAM PCT AND HARBERS COMBINATION FAILS
TO TEACH NUMEROUS LIMITATATIONS

67.  As detailed below, Stam PCT and Harbers individually and on combination fail to
teach many of the limitations of claim 6 and new claims 24-87.

68.  Turning first to Stam PCT, while Stam PCT teaches the use of image detection and
certain limited LED applications to address the problem of headlight glare, it fails to teach a
headlamp with individually controllable LEDs and thus fails to teach the following limitations in
claim 6 and by extension, new claims 24-87, as construed in Section VI above: 1) electronic
circuitry apparatus for the controlled powering of the [individual LED] light source; and 2) a
controller ...in communication with the [individual LED] light source controlling power circuitry,
arranged to processes [sic] the information communicated from the camera and automatically

control the light provided to the illuminated area.

27

Mercedes EX1010, Part 1 of 3
U.S. Patent No. 9,955,551



69. In view of the known “disadvantages” with LEDs for vehicle headlamp
applications, the disclosed LED headlamps in Stam PCT focus on two limited applications—
headlamp flashing and headlamp steering.

70.  Notably, Stam PCT lists the disadvantages that limit use of LEDs in vehicle
headlamps, to explain why “LED lamps have not been used to implement a vehicle headlamp™:

LEDs suffer from a number of disadvantages that limit their application in vehicle

headlamps, not the least of which are [1] the relatively small amounts of light

produced by LEDs and [2] manufacturability limitations when incorporating LEDS

having exotic constructions. Because of these disadvantages, LED lamps have

not been used to implement a vehicle headlamp. . . Additionally, means of

producing white light from LEDS have only recently become practical.
(Ex. PA-A, Stam PCT at 74, emphasis added.)

71.  As a result, as detailed in paragraph 52 of this declaration, the disclosed
embodiments used LEDs as a complement to and/or as a substitute for halogen/HID light sources,
to improve auto high beam functionality. Similar to the halogen/HID light source embodiments,
the LED embodiments in Stam PCT treated light as a fixed block to be moved or adjusted in a
particular direction or manner—Ileaving a section of the driver’s field of view to be lit primarily
by low beam lighting.

72.  Inall LED embodiments, as depicted in Fig. 26a, the LEDs, in a given array were
connected together [see 2615] and operated by a single controller, such that the entire array would
be on/off or dimmed. (Ex. PA-A, Stam PCT at 140.)

73.  More specifically, in Fig. 26a, every optical radiation emitter (LED chip) 2603 is

electrically connected together “to electrical conductor strip 2607 through a wire bond 2609 and a

resistor 2611. Each of the emitters 2605 is connected to electrical conductor strip 2613 through a
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bonding wire 2615 and a resistor 2617.” (Id. at p.74.) Since electrical conductor strips 2607, 2613
are shown to be common to multiple LED chips, they are thus not individually controlled or

capable of facilitating control to selectable groups of LED chips.

RN
o KR

A Sl

R

74.  To clarify, in one section, the specification discloses the use of separate color
emitters, for the purpose of creating white light and thus requires separate supplies for the different
color emitters, but does not teach the ability to individually control an LED chip or selectable
clusters of LED chips: “The circuit traces disclosed in Fig. 26a illustrate a pattern that may be used

where separate supply is provided for the different emitters.” (/d. at p.77.)

75.  While Stam PCT can provide controlled powering to the LED array as a single
fixed unit—such that the entire array can be on/off or dimmed—it is incapable of providing
controlled powering to individual LEDs. Thus, under the proper construction of light source
detailed in Section VI, it fails to provide electronic circuitry apparatus for the controlled powering

of the [individual LED] light source—a limitation in claim 6 and all new claims.
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76.  Additionally, because there is no mechanism for controlled powering of individual
LEDs, the controller cannot be in communication with the [individual LED] light source
controlling power circuitry, as required by claim 6. Finally, because the LED embodiments in
Stam PCT are treated as a fixed block to be moved or adjusted in a particular direction or manner,
the controller is incapable of being arranged to processes [sic] the [coordinate specific]
information communicated from the camera and automatically control the light provided to the
illuminated area.

77. Stam PCT also fails to correlate individual LED controls to sensor data to
diminish/enhance illumination at a coordinate-specific region, to provide optimized and non-
glaring illumination in the presence of an oncoming or preceding vehicle. (Ex. PA-A, Stam PCT.)

78.  As aresult, Stam PCT does not teach or suggest controlling an individual LED or
group of LEDs within an array, responsive to coordinate-specific image detection data, so that the
controller 1) per claim 6, is arranged to processes [sic] the [coordinate-specific] information
communicated from the camera and automatically control the light provided to the illuminated

area; 2) per new claim 24 can change emission of the selected cluster of LEDs relative to emission

of other LEDs not included in the cluster to create headlamp illumination that preserves a first

level of illumination illuminating past the other vehicle while preventing glare to a driver of the

other vehicle; 2) per new claim 32, follow, based at least in part on data from one or more of the

cameras, the at least one target with the diminished illumination as the at least one target changes

location relative to the motor vehicle; and 3) per new claim 56, select a first cluster of the LEDs

based at least in part on at least one of the vertical and horizontal position compared to known

aimings of light associated with the first cluster, and reduce intensity of illumination to non-

glaring illumination of a first area associated with the at least one other vehicle, relative to
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intensity of illumination on both sides of the first area at elevations common with the first area

illuminated by a second cluster of the LEDs, by control of emission from the first cluster. (Ex.
OTH-F, Side by side comparison.)

79. Simply put, Stam PCT fails to optimize lighting patterns to match the particular
road scene. By treating light as a fixed block, in the presence of objects/targets, high beams—
which output significantly brighter light and enhance safety— are shifted away from the road scene
rather than individually controlled at a coordinate-specific level to provide optimized, non-glaring
lighting patterns.

80.  Accordingly, Stam PCT fails to teach the following limitations in base claim 6 and
by extension, claims 24-87: 1) a headlamp with electronic circuity apparatus for the controlled
powering of the light source and other illuminating device elements and 2) a controller in
communication with the light source controlling power circuitry, that a) per claim 6 is arranged
to processes [sic] the information communicated from the camera and automatically control the
light provided to the illuminated area; b) per representative claim 56, can be controlled to
illuminate a coordinate-specific area based on known aimings of LEDs; ) per representative claim
24 can emit light toward at least a portion of the other vehicle based on the LEDs having emission
aimings associated with the first coordinates; and d) per representative claim 32 follow, based at
least in part on data from one or more of the cameras, the at least one target. See, Ex. OTH-F
which provides each of the reexamination independent claims side-by-side, to highlight the
missing limitations in all claims. (Ex. OTH-F, Side by side comparison.)

81.  Turning next to Harbers, though Harbers teaches that “spatial distribution of the
light beam generated by the light source is continuously adjustable” by opto-electronic elements

and thus discloses the electronic circuitry apparatus for the controlled powering of the light source
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limitation, the combination of the ‘538 PCT and Harbers fails to teach many of the limitations of
claim 6 and the new claims. (Ex. PA-B, Harbers.)

82.  While the opto-electronic elements in Harbers are continuously adjustable by the
driver or in response to a specific set of defined inputs, Harbers doesn’t disclose any sensor capable
of detecting objects or targets in the illuminated area, or per claim 6, a camera for detecting
coordinate-specific information about the illuminated area, said camera in communication with
power and device control elements. (Ex. PA-B, Harbers.)

83.  Although Harbers discloses “ordering, providing and selectively switching on and
off opto-electronic elements...in the form of an array” in response to the velocity of the vehicle,
rotational position of the steering wheel, bad weather or in dimly-lit areas (/d. at 7:11-22), it fails
to correlate individual LED controls to coordinate-specific camera/sensor data, as required by
claims 6 and 24-87 and thus fails to disclose a digital headlamp that utilizes an adaptive driving
beam to address glare. (Ex. OTH-C, New Claims.)

84.  More specifically, in reference to claim 6, Harbers fails to disclose one or more
cameras placed on the structure for detecting coordinate-specific information about the
illuminated area, said camera in communication with power and control device elements; and 2)
Harbers fails to teach a control strategy that correlates the coordinate-specific information from
the camera, and controlled powering of the light source, wherein the controller in communication
with the light source controlling power circuitry, is arranged to processes [sic] the information
communicated from the camera and automatically control the light provided to the illuminated
area. (Ex. PA-B, Harbers.) Harbers likewise fails to provide any of the following limitations, in

all new claim sets*: 1) sensors for detecting coordinate-specific information-- one or more sensors,

3 A claim set is an independent claim and the claims that depend from that independent claim.
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including one or more cameras, placed on the structure for detecting coordinate-specific

information about the illuminated area; 2) controllers processing the sensor data- a controller,

including at least one of the one or more processors, integrated with the structure via mounting,
in communication with the LED controlling power electronic circuitry apparatus, said controller

arranged to process the information communicated from the cameras and to automatically control

the light provided to the illuminated area; 3) controlling an individual LED or group of LEDs
within an array, responsive to coordinate-specific image detection data based on known aimings
or coordinates of those LEDs, for example, per claim 48: illuminate a portion of at least one object,

indicated by data from at least one of the one or more sensors, by selecting a first cluster of the

LEDs to emit first light directed towards a first area including the at least the portion of at least

one object, the first area determined based at least in part on the data, the first cluster selected

based at least in part on known aimings of light associated with the first cluster determined to

correspond to the first area; and 4) a control strategy that correlates LED controls to coordinate-

specific sensor data of an object, to optimize illumination in a glare-free manner, for example as
reflected in claim 24: change emission of the selected cluster of LEDs relative to emission of other

LEDs not included in the cluster to create headlamp illumination that preserves a first level of

illumination illuminating past the other vehicle while preventing glare to a driver of the other

vehicle. (Ex. OTH-F, Side by side comparison.)

85. Stam PCT likewise fails to teach the last two limitations identified in paragraph 84,
namely controlling individual LEDs responsive to coordinate-specific image detection data, based
on known aimings or coordinates of those LEDs and a control strategy that correlates individual
LED controls to coordinate-specific sensor data of an object/target to diminish/enhance

illumination of a coordinate-specific region.
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86.  Asaresult, it is my opinion that each reference is missing numerous features of the
new reexamination claims and even if combined, the combination of Stam PCT and Harbers taken
as a whole fails to teach or suggest a headlamp that correlates LED controls to coordinate specific
sensor data of a target to diminish/enhance illumination at a coordinate-specific region.

87.  Taken together, Stam PCT and Harbers provide no teachings on methods to
optimize illumination—for example, high beams, which output significantly brighter light and
enhance safety—in the presence of objects or upcoming curvatures in the road.

88.  More specifically, in reference to exemplary claims 6, 24, 32 and 56, the
combination of Stam PCT and Harbers, taken as a whole fails to teach or suggest, inter alia,
controlling an individual LED or group of LEDs within an array, responsive to coordinate-specific
image detection data, so that the controller 1) per claim 6, in communication with the light source
controlling power circuitry, is arranged to processes [sp] the information from the camera and
automatically control the light provided to the illuminated area; 2) per new claim 24, can change

emission of the selected cluster of LEDs relative to emission of other LEDs not included in the

cluster to create headlamp illumination that preserves a first level of illumination illuminating

past the other vehicle while preventing glare to a driver of the other vehicle; 3) per new claim 32,

create a beam of diminished illumination illuminating at least a portion of the at least one target

with non-glaring illumination, having different intensity than the beam, by one or more changes
to characteristics of first light of a cluster of the LEDs providing the first light directed at the at

least a portion and creating the beam, the beam diminished in intensity relative to the broader

field of illumination illuminating at least above and on both sides of the beam,; and follow, based

at least in part on data from one or more of the cameras, the at least one target with the diminished

illumination as the at least one target changes location relative to the motor vehicle; and 4) per
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new claim 56, select a first cluster of the LEDs based at least in part on at least one of the vertical
and horizontal position compared to known aimings of light associated with the first cluster; and

reduce intensity of illumination to non-glaring illumination of a first area associated with the at

least one other vehicle, relative to intensity of illumination on both sides of the first area at

elevations common with the first area illuminated by a second cluster of the LEDs, by control of
emission from the first cluster. (Ex. OTH-F, Side by side comparison.)

89.  Additionally, I understand that to safeguard against hindsight reasoning, there must
be an actual reason why a skilled artisan would have combined the elements in the manner claimed.
I further understand that using an applicant's disclosure as a blueprint to reconstruct the claimed
invention from isolated pieces of the prior art is impermissible, and that obviousness is to be judged

at the point in time when the invention was made.

B. NO MOTIVATION TO COMBINE

90. In this case, there is no motivation to combine the asserted references because the
combination of Stam PCT and Harbers changes the principle of operation of Harbers, which
provides lighting that is more dynamic but limited to defined vehicle inputs such as vehicle speed
or steering wheel position and/or manual adjustments. Harbers does not provide any set of
operations that include a controller operating with sensor data, e.g. camera data, to automatically
control the light based on inputs of objects/targets in the illuminated area. Any hypothetical
combination of the teachings of Stam PCT and Harbers would require a substantial reconstruction
and redesign of the elements shown in Harbers as well as a fundamental change in its basic
principles of operation.

91.  Notably, in 2000, when Harbers was filed, although camera-based image detection

systems were disclosed, Harbers did not describe or suggest that their system did or could include
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any such LED-to-image detection correlation. Moreover, while the problem of headlamp glare
was well known in 2000, the Harbers system is not directed to that problem. Accordingly, any
combination of Stam PCT and Harbers, requires that the principle of operation in Harbers undergo
a substantial change. For these reasons, absent hindsight bias, a POSITA in 2002 would have no

motivation to combine Stam PCT and Harbers.

C. TEACHING AWAY
92.  Further, I understand that to avoid the strong potential for hindsight bias, the
doctrine of teaching away requires that patent references should be reviewed as a whole and
statements that teach away from a specific usage must be considered as part of an obviousness
analysis.
93. Per Stam PCT,

LEDs suffer from a number of disadvantages that limit their application in

vehicle headlamps, not the least of which are [1] the relatively small amounts of

light produced by LEDs and [2] manufacturability limitations when incorporating

LEDS having exotic constructions. Because of these disadvantages, LED lamps

have not been used to implement a vehicle headlamp. . . Additionally, means of

producing white light from LEDS have only recently become practical.
(Ex. PA-A, Stam PCT at 74, emphasis added.)

94. It is my opinion that given the clear statements in Stam PCT regarding the
constraints and technical issues surrounding use of LEDs for headlights, during the 2002-2003
time frame, a POSITA would be discouraged from using individually controlled LEDs or
otherwise expanding usage of LEDs in headlights beyond the two limited applications of LED

arrays expressly disclosed, particularly in the direction taken by the claims, for example in claim

56, where the illumination of an area or object/target is changed responsive to data from the
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camera/sensors by selecting a cluster of individual LEDs within an array based on known aimings
of the LEDs, to enhance/diminish illumination of an object/target relative to other coordinate-
specific regions in the illuminated area.

D. CONTEMPORANEOUS FILINGS ESTABLISH POSITA
MINDSET

95.  Moreover, as evidenced by contemporaneous prior art filings, those skilled in the
art of auto headlight design in 2002, needed to rely on proven technologies—e.g. halogen and
xenon applications. LED technology was not viewed as suitable for headlamp applications.

96.  From 2000-2003, it was well known that Gentex was a leader in LED lighting
products and image sensing products. While the two product teams and technical disciplines were,
as a matter of course, separate and distinct, a working relationship between team members forged
a unique opportunity for interdisciplinary engagement and collaboration. This interdisciplinary
engagement gave rise to the first family of patents—the 573 Family of Patents—where image
detection technology was merged with LED technology for headlight applications. It bears
emphasis that in 2002-2003, the field of LEDs and image detection were emerging technologies,
each under development for distinct product offerings. To my knowledge, prior to the advent of
the ‘573 Family of Patents, these technology disciplines were wholly distinct. Thus, it would not
have been obvious for a POSITA in 2002-2003 to combine coordinate-specific image detection
technology with any LED functionality, let alone a digital headlight that for example, per new
claim 24, determine first coordinates corresponding to an other vehicle, based on the coordinate-
specific information; select a cluster of the LEDs that emit light toward at least a portion of the
other vehicle based on the LEDs having emission aimings associated with the first coordinates,
and change emission of the selected cluster of LEDs relative to emission of other LEDs not

included in the cluster to create headlamp illumination that preserves a first level of illumination
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illuminating past the other vehicle while preventing glare to a driver of the other vehicle.

97. In sum, it is my opinion that a POSITA during the 2002-2003 timeframe would
lack motivation to combine teachings from Stam PCT and Harbers in the manner claimed, for the
following reasons: 1) Stam PCT teaches away from use of individually controlled LEDs as recited
in the claimed invention; 2) any hypothetical combination is inconsistent with the principle of
operation of Harbers and thus a by-product of hindsight bias; and 3) during the relevant time, the

evolving fields of LED technology and image detection were wholly separate fields.

XI. OBJECTIVE EVIDENCE OF NONOBVIOUSNESS

98. I understand that objective evidence, including for example evidence of teaching
away, industry praise, failure of others and long felt but unmet need, is relevant to whether a claim
is nonobvious. Below are my opinions concerning specific objective evidence that shows in the
form of long felt, but unmet need and industry praise, that further bolsters the patentability of the
claimed invention--providing objective evidence that the glare-free adaptive driving beam

technology claimed in the ‘551 Patent is nonobvious over the asserted references.

A. INDUSTRY PRAISE FOR THE GLARE-FREE ADAPTIVE
DRIVING BEAM TECHNOLOGY OF THE REEXAMINATION
CLAIMS

99. Over the years, numerous industry organizations, such as NHTSA, AAA and ITHS,
industry publications, such as AutoWeek and Driving Vision News, and Automotive Industry
Awards such as the PACE Award conferred by Automotive News have provided industry praise
for the glare-free adaptive driving beam technology covered in the reexamination claims. A few
recent examples of such industry praise, correlated to the 2018 lead up to the proposed NHTSA

amendments, are provided below.
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100. Ina2019 report AAA stated:

Increasing roadway lighting without creating glare for other motorists should

increase the safety of nighttime driving. This is the promise of adaptive driving

beam headlamp technologies. NHTSA describes adaptive driving beam [“ADB”]

as, “a type of adaptive front-lighting system that automatically enables upper beam
headlamps and adapts their beam patterns to create a shaded area around oncoming
and preceding vehicles to improve long-range visibility for the driver without

causing discomfort, distraction, or glare to other road users.

(Ex. 8, AAA 2019 report at 3, emphasis added.)
101. The 2019 AAA report further stated:

Auto-dimming systems (and manual high-low beam switching) are inherently
limited. These systems must switch to low beam in the presence of traffic, resulting
in a sharp reduction in roadway lighting. All headlamp systems which are limited
to either high or low beam operation cannot avoid causing glare to other vehicles

when driving on undulating roadways and cresting hills. ADB headlamp systems,

with selective activation or shading of specific elements of the headlight beam. hold

the promise to successfully address this major shortcoming of all current headlamp

systems.

(Ex. 8, AAA, 2019 report at 56, emphasis added.)
102.  An April 14, 2021 article by AutoWeek explains the problem with prior automatic
high-beam systems and praises the ADB technology solution:

[e]xisting automatic high-beam headlight systems are great, but there are
limitations to what they can do. If you’re driving in a suburban area with traffic and
streetlights, they can become confused and leave the bright beams on when they
shouldn’t, or in some cases they can end up switching between low and high beam

lights rapidly, which is both annoying and bad for visibility. Smart headlights help

alleviate these problems by reading the road and surrounding conditions and

applying light only where it is needed. Instead of the need to switch between two
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brightness settings, adaptive headlights’ brightness and shape change in response

to surrounding conditions. Where some automatic high beam systems become
confused between streetlights and oncoming headlights and switch off when they

shouldn’t, smart headlights’ advanced sensors and detection systems will eliminate
the errant shifts in brightness.

(Ex. 7, Autoweek at 3, emphasis added.)
103. The Autoweek article goes on to establish the unmet need and praises ADB
technology:

It’s no secret that the headlights on new cars are getting brighter. Now, even low
beam headlights can be distracting to other drivers and pedestrians. Because
adaptive headlights keep the bright lights off of pedestrians and other drivers, it’s
easier for people walking to stay out of the way and for other drivers to see where

they’re going. If there’s an oncoming vehicle, the beam is partially blocked or

turned off so that the other driver isn’t blinded. but the rest of the road remains

illuminated by bright light, which greatly improves their visibility without

drastically reducing yours.

(Ex. 7, Autoweek at 4, emphasis added.)

104. Similarly, Driving Vision News states: “The benefit of a glare-free function is not

only to shadow out other cars but also to provide further visibility for upcoming curves and

dangerous situations: there is a clear safety gain by illuminating this curve in front of the driver.”

(Ex. 9, Driving Vision News at 1, emphasis added.)

105. It is my understanding that evidence of industry praise of a claimed invention that
embodies the patent claims weighs in favor of a finding of nonobviousness.

106. I further understand that there must be a nexus between the industry praise and the
claimed invention. To that end, a few exemplary publications providing industry praise for ADB
technology, are outlined side-by-side with exemplary reexamination claims and support from the
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‘551 Patent specification for these claims, to establish nexus between the industry praise and the
reexamination claims. See, Ex. OTH-E, ‘551 Industry praise nexus support document. The right-
hand column includes an explanation as to how a person of skill in the art would understand the
praise verbiage.

107. Below, by way of example, I have correlated each limitation of claim 24 with the
industry praise verbiage and an explanation of the nexus between the two. The rationale articulated
with respect to claim 24 applies to all similar limitations in claim 6 and the new reexamination
claims. See, Ex. OTH-F, Side by side comparison.

108. In this paragraph I will review the nexus between the preamble in claim 24, /a/n
illuminating device having automatic control of the light provided to an illuminated area
comprising, and the praise verbiage from the PACE Award Automotive News article which
provides: HELLA “has won the prestigious 2014 Automotive News PACE Award for its industry-
first adaptive LED Matrix Beam technology. .. HELLA's "glare-free high-beam" headlights use
individually controlled LEDs that adjust automatically to real-time traffic conditions to reduce
glare for other drivers” (Ex. 10, PR Newswire at 1.) It is my opinion that, from the described
functionality, it’s clear to a person skilled in the art that the praise is directed to an illuminating
device as laid out in the preamble. See, Ex. OTH-E, ‘551 Industry praise nexus support document,
at 1, 10, 27 and 45.

109. This paragraph addresses the limitation in claim 24, a structure for incorporating
illuminating device element and the praise verbiage from the PACE Award Automotive News
article provides: “The system automatically adjusts a car's headlamps to deliver ‘glare free’
illumination, dimming or switching on and off light sources based on traffic conditions.” (Ex. 10,

PR Newswire at 1.) It is my opinion that, from the described functionality, it’s clear to a person
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skilled in the art that the praise is directed to a structure for incorporating illuminating device
elements. See, Ex. OTH-E, ‘551 Industry praise nexus support document, at 1, 11, 27 and 45.

110. In this paragraph I will review the nexus between the limitation a plurality of
individually controllable LEDs incorporated in the structure via at least one headlamp mounted
to the structure, each headlamp including at least one of the LEDs, the LEDs in communication
with a power source and the praise verbiage from the PACE Award Automotive News article
provides: HELLA “has won the prestigious 2014 Automotive News PACE Award for its industry-
first adaptive LED Matrix Beam technology. .. HELLA's "glare-free high-beam" headlights use
individually controlled LEDs that adjust automatically to real-time traffic conditions to reduce
glare for other drivers.” (Ex. 10, PR Newswire at 1.) It is my opinion that, from the described
functionality, a person skilled in the art would readily understand that such an automatically
adjustable system would include individually controllable LEDs in communication with a power
source. See, Ex. OTH-E, ‘551 Industry praise nexus support document, at 5, 14, 30-31, 48.

111.  This paragraph addresses the limitation in claim 24, electronic circuitry apparatus
for the controlled powering of the LEDs and other of the illuminating device elements and the
praise verbiage from the PACE Award Automotive News article which provides:

HELLA ... has won the prestigious 2014 Automotive News PACE Award for its
industry-first adaptive LED Matrix Beam technology. . . HELLA's "glare-free high-
beam" headlights use individually controlled LEDs that adjust automatically
to real-time traffic conditions to reduce glare for other drivers. The system
automatically adjusts a car's headlamps to deliver ‘glare free’ illumination,

dimming or switching on and off light sources based on traffic conditions.

(Ex. 10, PR Newswire at 1, emphasis added; Ex. OTH-E, ‘551 Industry praise nexus support

document.)
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It is my opinion that, from the described functionality, it’s clear that the praise is directed to an
illuminating device, including electronic circuitry apparatus for the controlled powering of the
LEDs and other of the illuminating device elements. (See, Ex. OTH-E, ‘551 Industry praise nexus
support document, at 7, 16, 33 and 51).

112.  This paragraph addresses the limitation in claim 24, one or more sensors, including
one or more cameras, placed on the structure for detecting coordinate-specific information about
the illuminated area, at least one of said cameras in communication with power, and in
communication with at least one of the one or more processors and the praise verbiage from the
PACE Award Automotive News article: “The new Matrix Beam system combines a front
camera, high-performance software and "intelligent lighting" technology to recognize cars that
are being followed as well as oncoming traffic.” (Ex. 10, PR Newswire at 1, emphasis added).
It is my opinion that, from this sentence, it’s clear to a person skilled in the art that the industry
praise is directed to an illuminating device that includes the details of the camera sensor limitation.
(See, Ex. OTH-E, ‘551 Industry praise nexus support document, at 8, 17, 34, and 52.)

113. This paragraph addresses the limitation in claim 24, a controller, including at least
one of the one or more processors, integrated with the structure via mounting, in communication
with the LED controlling power electronic circuitry apparatus, said controller arranged to process
the information communicated from the cameras and to automatically control the light provided
to the illuminated area and the praise verbiage from the PACE Award Automotive News article
which provides:

A leader in automotive lighting and electronics, HELLA's "glare-free high-beam"
headlights use individually controlled LEDs that adjust automatically to real-
time traffic conditions to reduce glare for other drivers. The new Matrix Beam

system combines a front camera, high-performance software and "intelligent
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lighting'" technology to recognize cars that are being followed as well as

oncoming traffic.

The system automatically adjusts a car's headlamps to deliver "glare free"
illumination, dimming or switching on and off light sources based on traffic

conditions.

(Ex. 10, PR Newswire at 1, emphasis added.)

It is my opinion that, from the above sentences and the inherent knowledge possessed by a
person skilled in the art, it’s clear that the industry praise is directed to an illuminating device that
includes the details of the controller limitation, wherein the controller processes information from
the camera. (See, Ex. OTH-E, ‘551 Industry praise nexus support document, at 9-10, 18-19, 35-
36, 53-54.)

114. This paragraph addresses the limitation in claim 24, memory storing instructions
that, when executed by one or more processors of the controller, enable the controller to, and the
praise verbiage from the PACE Award Automotive News article which provides:

A leader in automotive lighting and electronics, HELLA's "glare-free high-beam"
headlights use individually controlled LEDs that adjust automatically to real-
time traffic conditions to reduce glare for other drivers. The new Matrix Beam
system combines a front camera, high-performance software and "intelligent
lighting" technology to recognize cars that are being followed as well as
oncoming traffic.

The system automatically adjusts a car's headlamps to deliver "glare free"
illumination, dimming or switching on and off light sources based on traffic

conditions.

(Ex. 10, PR Newswire at 1, emphasis added.)

It is my opinion that, from the above sentences and the inherent knowledge of a person skilled in
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the art, in order to implement the “high performance software” it’s clear that memory storing
instructions” would necessarily be provided. (See, Ex. OTH-E, ‘551 Industry praise nexus support
document, at 20, 36-37, and 54-55.)

115. This paragraph addresses the limitation in claim 24, enable the controller to . .
determine first coovdinates corvesponding o an other vehicle, based on the coordingie-specific
informarion and the praise verbiage from the PACE Award Automotive News article which
provides:

A leader in automotive lighting and electronics, HELLA's "glare-free high-beam"
headlights use individually controlled LEDs that adjust automatically to real-
time traffic conditions to reduce glare for other drivers. The new Matrix Beam
system combines a front camera, high-performance software and "intelligent
lighting' technology to recognize cars that are being followed as well as

oncoming traffic.

The system automatically adjusts a car's headlamps to deliver "glare free"
illumination, dimming or switching on and off light sources based on traffic
conditions.
(Ex. 10, PR Newswire at 1, emphasis added.)
It is my opinion that, from the above sentences and the inherent knowledge of a person skilled in
the art, it’s clear that the industry praise is directed to an illuminating device that determines the
position of at least one other vehicle. (See, Ex. OTH-E, ‘551 Industry praise nexus support
document, at 20-21, 42, and 55-56.)
116. This paragraph addresses the limitation in claim 24, enable the controller to . . .
select a cluster of the LEDs that emit light toward at least a portion of the other vehicle based on

the LEDs having emission aimings associated with the first coordinates; and the praise verbiage
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from the PACE Award Automotive News article:

The new Matrix Beam system combines a front camera, high-performance software
and "intelligent lighting" technology to recognize cars that are being followed as

well as oncoming traffic.

The system automatically adjusts a car's headlamps to deliver "glare free"
illumination, dimming or switching on and off light sources based on traffic

conditions.

Individually controlled LEDs also provide two or more dark zones with "light
in-between," allowing continuous use of a vehicle's high-beams to maximize
visibility and provide a safer driving experience.
(Ex. 10, PR Newswire at 1, emphasis added.)
It is my opinion that, from the above sentences and the inherent knowledge of a person skilled in
the art, an illuminating device that includes “individually controlled LEDs” necessarily selects the
LEDS to be aimed based on the position of the detected vehicle, per the select a cluster limitation.
(See, Ex. OTH-E, ‘551 Industry praise nexus support document, at 22-23 and 56-57.)

117.  This paragraph addresses the limitation in claim 24, enable the controller to . . .
change emission of the selected cluster of LEDs relative to emission of other LEDs not included
in the cluster to create headlamp illumination that preserves a first level of illumination
illuminating past the other vehicle while preventing glare to a driver of the other vehicle and the
praise verbiage from the PACE Award Automotive News article which provides:

The new Matrix Beam system combines a front camera, high-performance software
and "intelligent lighting" technology to recognize cars that are being followed as

well as oncoming traffic.

The system automatically adjusts a car's headlamps to deliver "glare free"
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illumination, dimming or switching on and off light sources based on traffic

conditions.

Individually controlled LEDs also provide two or more dark zones with "light
in-between,' allowing continuous use of a vehicle's high-beams to maximize
visibility and provide a safer driving experience.
(Ex. 10, PR Newswire at 1, emphasis added.)
It is my opinion that, from the above sentences it would be clear to a person skilled in the art that
the industry praise description of an illuminating device with “two or more dark zones with ‘light-
in-between” to maximize visibility, corresponds to the above-identified claim limitation, providing
reduced illumination in the dark zones relative to the illumination on both sides of the dark zone.
(See, Ex. OTH-E, ‘551 Industry praise nexus support document, at 24-25, 42, and 61-62.)
118. Asdetailed with respect to representative claim 24 above and representative claims
6, 24, 32 and 56 in Ex. OTH-E, ‘551 Industry praise nexus support document, the objective
evidence of industry praise and the nexus to the reexamination claims supports my underlying
conclusion that the reexamination claims are nonobvious over the combination of Stam PCT and

Harbers and are thus patentable. (See, Ex. OTH-E, 551 Industry praise nexus support document.)

B. LONG FELT BUT UNMET NEED
119. Automotive companies and the industry at large have long recognized the two-fold
need for 1) increased visibility at night and 2) avoiding the discomfort of glaring headlamps.
120.  This two-fold need was first solved by the glare-free adaptive driving beam systems
described by Spero in the ‘551 Patent, which gave rise to claim 6 and the new reexamination
claims, supported by the 2002 provisional application filing by Spero.

121.  Asevidenced by contemporaneous prior art filings in 2002-2003, LED technology
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was in nascent stages and not viewed as suitable for headlamp applications. In 2003 and for several
years thereafter, those skilled in the art of auto headlight design and controls used LEDs for
taillights and interior spotlights but not front headlights. By way of example, see EP1391347, filed
by HELLA in July, 2003 which is directed to a pivoting, auto high-beam lamp devoid of any
teaching of the use of LEDs and U.S. Patent No. 6,752,523 filed in October, 2002 by Koito, which
discloses the use of LEDs for taillights but not headlights. It was not until 2006-2009 that
automotive lighting companies began filing patents directed to digital headlights for adaptive
driving beam technology. (See, Ex. OTH-G, Krukenbaum ‘347 patent and Ex. OTH-H, Takahashi
‘523 patent.) Notably, LED headlights were first used in vehicles in 2007-2008. See, Toyota’s
use of a partial LED headlight in 2007 and Audi’s introduction of full LED headlights in 2008,
(Ex.1, Motor Authority; Ex.2, Audi technology portal).

122. Regulatory restrictions by the National Highway Traffic Safety Administration
(NHTSA) have prevented adaptive driving beam technology from activation in the US, though
such technology has been employed outside the US for years. For a period of several years, starting
in 2013, OEMs petitioned NHTSA for a change in regulations. In 2018, NHTSA announced
proposed rules to amend the regulations to allow adaptive driving beam (ADB) technology. (Ex.
4, NHTSA Proposed Rule 2018, at 1.) In July 2020, Alliance for Automotive Innovation (“Auto
Innovators™) consisting of 37 OEMs and “value chain partners” provided supplemental comments
to the NHTSA notice of proposed rulemaking detailing their position on the proposed rulemaking.
(Ex. 11, Alliance for Automotive Innovation at 1.)

123. The supplemental comment filed by the Alliance for Automotive Innovation,
makes a compelling case for why the prior art auto-high beam applications did not satisfy the long-

felt need for “adaptive driving beam technology,” which refers to adaptive LED headlights that
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address high beam glare through coordinate-specific control strategies (Ex. 11, Alliance for
Automotive Innovation). By way of example, the Alliance for Automotive Innovation, which

includes the majority of the global auto industry, acknowledged that “an average of 0.3% of

nighttime fatal crashes list glare as a contributing factor, alternatively data shows that over 70% of

pedestrian fatalities have occurred at night. ITHS “found that between 2009 and 2016. pedestrian

deaths in dark conditions increased 56%.” (/d. at 8, emphasis added.) In response to these reports,

the supplemental comments filed by the Alliance, concludes “improved visibility benefits of ADB
systems can help to decrease fatalities and injuries associated with these crashed. The increased
illumination from ADB systems can contribute to considerably improving a driver’s ability to
identify obstacles or pedestrians on and off the roadway.” Finally, the supplemental comments
state, “ITHS has studied headlamp performance and real-world implications . . . ITHS found that,
“The lower beams of many headlight systems with poor ratings don’t provide enough light for a
driver going 55 mph on a straight road to stop in time after spotting an obstacle in his or her lane.”
(Id.at 11.)

124.  One industry publication from 2014, underscores the longfelt, but unmet need for

a glare-free headlight that optimizes illumination: “[e]ven after 130 vyears of headlight

development, more than half of vehicle crashes and fatalities occur at night despite significantly

less traffic. More than 300,000 crashes and thousands of fatalities are caused by rain and snow at

night annually. Approximately 30% of drivers are stressed by glare causing hundreds of fatalities

every vear.” (Ex. 3, Tamburo R. et al. (2014) at 1-2, emphasis added.)
125. According to AAA, vehicle headlamps are a primary safety system:

Research data from the National Highway Traffic Safety Administration (NHTSA)
reports approximately 25 percent of automotive travel occurs at night.

However, nearly 52 percent of all driver fatalities and 71 percent of all
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pedestrian deaths occur during dark driving times. This data leads to the

conclusion that driving in dark or low-light conditions increases the likelihood of a

collision at least partially_due to a combination of limited forward illumination by
current automotive lighting systems and the speeds at which drivers travel. The

efficacy of headlamps compliant with U.S. regulations may be a contributing factor.

Research conducted by AAA determined that modern headlamps on low beam

provide adequate lighting for speeds of only 39 mph to 52 mph, depending on the

type of headlamp

(Ex. 8, AAA 2019 report at 3, emphasis added.)

Researchers associated with Rensselaer Polytechnic Institute, in conjunction with the
Transportation Lighting Alliance, published findings in 2014 concluding that the
application of ADB systems could reduce visibility-related nighttime crashes by
six to seven percent compared to the visibility provided by low beam headlamp
systems. For this study, a visibility-related crash was assumed to be any nighttime
incident involving pedestrians, cyclists, or wildlife in which no alcohol was found
present in either the driver or victim. The justification for using low beam headlamps
as the baseline for visibility improvements is related to additional findings in
which it was concluded that vehicle operators do neot use their high beams in most
driving conditions, whether due to oncoming traffic, preceding traffic or
negligence. . . Even after eliminating crashes in which alcohol was detected in the
driver or pedestrian, there remained 25,000 instances of pedestrian death or injury as a
result of being struck by a motor vehicle in dark lighting conditions. Applying the
average economic and societal harm cost rates from the 2010 NHTSA study results in
approximately $13.25 billion in damages annually. If there were a six percent
reduction in such crashes from universal adoption of ADB headlamp systems,
nearly 1500 pedestrian deaths and injuries could be prevented, and the cost

savings would be in excess of $861 million annually.

(Id. at p. 53-54.)
126. Notably, as part of NHTSA’s proposed rulemaking in 2018, NHTSA provided an

extensive summary of why a long-felt unmet need exists for adaptive driving beam technology.
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Excerpts of the NHTSA summary are reproduced below to establish that during the relevant 2002-
2003 time period, a long-felt need existed for the glare-free adaptive beam technology [ADB]
covered in the reexamination claims of the ‘551 Patent.

127. Based on the definitions of ADB in the NHTSA Proposed rulemaking, specifically
the language boldfaced below, the reexamination claims constitute an Adaptive Driving Beam
(ADB) system. The underlined quotes in the below excerpt, provide strong evidence that the ADB
system claimed in claim 6 and claims 24-87 satisfies a long-felt but unmet need:

While the benefits of improved visibility and the harmful effects of glare are

difficult to quantify, they are real. For example, a recent study from the Insurance

Institute for Highway Safety found that pedestrian deaths in dark conditions
increased 56% from 2009 to 2016. The harmful effects of glare are highlighted by

the thousands of consumer complaints NHTSA has received from the public over

the years, Congressional interest, and the Agency’s research. NHTSA received

more than 5,000 comments in response to a 2001 Request for Comments on glare

from headlamps and other frontal vehicle lamps. Most of these comments
concerned nighttime glare. In 2005, Congress directed the Department of

Transportation to study the risks of glare. In response to these concerns, NHTSA
initiated a multipronged research program to study the risks of, and possible
solutions to, glare. ADB [Adaptive Driving Beam] systems are an advanced type
of headlamp beam switching technology that provides increased illumination
without increasing glare. Headlamp beam switching were first introduced in the
1950s, and while not initially widely adopted, have more recently become widely
offered as optional equipment. These traditional beam switching systems switch
automatically from the upper beam to the lower beam when meeting other vehicles.
ADB systems improve on this technology. They utilize advanced equipment,
including sensors (such as cameras), data processing software, and headlamp
hardware (such as shutters or LED arrays). ADB systems detect oncoming and
preceding vehicles and automatically adjust the headlamp beams to provide

less light to the occupied roadway and more light to the unoccupied roadway.
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ADB technology enhances safety in two ways. First, it provides a variable,
enhanced lower beam pattern that is sculpted to traffic on the road, rather
than just one static lower beam pattern. It provides more illumination than
existing lower beams without glaring other motorists (if operating correctly
Second, it likely will lead to increased upper beam usage. Research has shown
that most drivers under-utilize the upper beams. The effects of this increase as
speeds increase, because at higher speeds the need for greater seeing distance
increases. ADB technology (like traditional beam switching technology) enables
the driver to activate the ADB system so that it is always in use and there is no need
to switch between lower beams and upper beams. In this way, the upper beam will
be more widely used, and used only when there are no other vehicles present. For

both these reasons. ADB has the potential to reduce the risk of crashes by increasing

visibility without increasing glare. In particular, it offers potentially significant

safety benefits in avoiding collisions with pedestrians, cyclists, animals, and

roadside objects.

“Background & Safety Need

ADB technology is an advanced type of semiautomatic headlamp beam switching
technology. More rudimentary beam switching technology was first introduced in
the 1950s and was limited simply to switching between upper and lower beams.
Adaptive driving beam technology is more advanced. It uses advanced sensors
and computing technology that more accurately and precisely detect the
presence and location of other vehicles and shape the headlamp beams to
provide enhanced illumination of unoccupied portions of the road and avoid

glaring other vehicles.”

“The Twin Safety Needs of Glare

Vehicle headlamps must satisfy two different safety needs: Visibility and glare
prevention. Headlamps provide forward visibility (and also work in conjunction
with parking lamps on passenger cars and other narrow vehicles to provide

conspicuity). They also have the potential to glare other motorists and road users.
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For this reason, headlighting systems include a lower beam and an upper beam.
Lower beams (also referred to as passing beams or dipped beams) illuminate the
road and its environs close ahead of the vehicle and are intended for use during low
speed driving or when meeting or closely following another vehicle. Upper beams
(also referred to as high beams, main beams, or driving beams) are intended
primarily for distance illumination and for use when not meeting or closely

following another vehicle. The lower beam pattern is designed to produce relatively

high levels of light only in the close-in forward visibility region; the upper beam is

designed to produce high light levels in close-in and longer distance regions. Thus,

headlighting has traditionally entailed a trade-off between forward longer-distance

visibility for the driver and glare to other road users.

Visibility and glare are both related to motor vehicle safety. Visibility has an

obvious, intuitive relation to safety: The better a driver can see the road. the better

he or she can react to road conditions and obstacles and avoid crashes. Although

the gualitative connection to safety is intuitive, quantifying the effect of visibility

on crash risk is difficult because of many confounding factors (for example, was
the late-night crash because of diminished visibility or driver fatigue?). Glare, again
intuitively, is related to safety because it degrades a driver’s ability to see the
forward roadway and any unexpected obstacles. Glare is a sensation caused by
bright light in an observer’s field of view. It reduces the ability to see and/or causes

discomfort. Headlamp glare is the reduction in visibility and discomfort caused by

viewing headlamps of oncoming or trailing vehicles (via the rearview or side

mirrors).] Empirical evidence suggests that headlamp glare degrades important

aspects of driving performance, such as decreasing the distance at which an object

in or near the roadway can be seen, increasing driver reaction times, and reducing

the probability a driver will detect an object.2 It is difficult, however, to quantify

the effect of glare on crash risk.

The potential problems associated with glare are highlighted by the thousands of

complaints NHTSA has received from the public on the issue. The introduction of
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halogen headlamp technology in the late 1970s and high intensity discharge and

auxiliary headlamps in the 1990s was accompanied by a marked upswing in the

number of glare complaints to NHTSA. In response to increased consumer

complaints about glare in the late 1990s, NHTSA published a Request for

Comments in 2001 on issues related to glare from headlamps, fog lamps, driving

lamps, and auxiliary headlamps. NHTSA received more than 5.000 comments,

most of which concerned nighttime glare from front mounted lamps.”

(Ex. 4, NHTSA Proposed Rule 2018, at 2-5, emphasis added.)

128. Based on the above examples of industry praise, teaching away, and long felt but
unmet need and their nexus to the claimed invention, I conclude that there is sufficient objective
evidence during the relevant time frame and given the state of the industry at that time that the

reexamination claims are not an obvious combination or modification of the prior art teachings of

Stam PCT and Harbers.
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X CONCLUSHON

1239, For the forgoing reasons, it is my opinion that the claims presented in the reguest
for reexamingtion are patentable over the prior art. | further declare that all statements made herein
are of my own knowledge and are true and that all staterments made on information and belief are
behieved to be true and further that these statements were made with the knowledge that willfid
false statements and the iike sre punishable by fine or tmprisonment or both pursuant to I8 US.L
§1001 and that willful false statements or the ke may jeopardize the validity of the patent or any

patent issuing thereon,
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Joseph S Stam

2238 Black Lake Ave. Holland Ml 49424 Phone: 616.403.7592 E-mail: ipestam@amail.com

Highlights

Highly experienced hardware engineer and performance software programmer.

GPU computing master: Strong proficiency with NVIDIA CUDA and GPU optimization.

CPU software performance computing expert, including AVX/SSE.

Extensive experience with custom circuit design, operation and manufacturing.

Experienced manager of technical staff.

Successful product innovator: Designed award winning automotive vision systems which have
shipped millions of units.

Prolific inventor with numerous patents.

Enthusiastic presenter and trainer, comfortable with large audiences and prestigious venues.
Language Experience includes: C, C++, CUDA, R, x86 assembly (SSE/AVX) on Linux and
Windows server and supercomputing platforms.

Experience

Jump Trading 2012-Present

Senior front office trading team member with diverse responsibilities developing low latency
trading algorithms and high-performance computing applications. Duties range from software
optimization for high speed trading, computational data analytics, analysis of financial market data
and feeds, trading infrastructure design, and vendor relationship building.

NVIDIA Corporation, 2007-2012; Principal Computer Vision Architect

Crafted and implemented NVIDIA’s early strategy for computer vision on GPUs, a key technology
area which heavily leverages NVIDIA’s strong computation advantages over competitors.

Built and led a team of computer vision scientists to develop algorithms and optimize for NVIDIA
hardware.

Managed development of NVIDIA’s optimized implementation of OpenCV on both discrete GPUs
and mobile processors, including oversight of large external developer contract.

Expert in GPU computing with NVIDIA CUDA. Emphasis on pattern recognition, computer vision,
imaging and video processing.

Provide extensive application development support to 3™ party developers, including optimization
of production software (e.g. Adobe Premiere Pro CS5).

Evangelize NVIDIA CUDA at many conferences, universities, and corporations.

Author of technical whitepapers and “Image Demosaicing” chapter in GPU Computing Gems
(published 2011).

Worked in embedded, automotive and professional business units.

Hope College, Part-Time Engineering Instructor; 2009-2010

Substitute part-time instructor for introductory undergraduate engineering and electronics labs.
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Gentex Corporation, Senior Research Scientist; 1996-2007

Chief engineer for research, development and production for Gentex’s SmariBeam™ automatic
highbeam headlamp control product. Uses a CMOS camera and proprietary algorithms to detect
and respond to traffic. A miniature neural network computer vision system, likely the first volume
production use of computer vision Al in automobiles.

Sold millions of units to date, awarded Popular Science's 2005 Best of What's New award, and
Automotive News Pace award.

Lead designer of electronics hardware and software algorithms.

Managed design of several generations of high sensitivity and high dynamic range custom CMOS
image sensors and control ASICs.

Designed camera optics and optical assembly methods.

Developed proprietary pattern recognition algorithms, extensive experience with neural networks
and statistical regression techniques.

Created a unique, very low-latency pipeline for rapid image acquisition, analysis, and interface with
vehicle network.

Managed a strategic alliance and investment with Photobit Corporation, a pioneering company
formed by the NASA scientists who invented the CMOS image sensor. Ancestor to Aptina
Imaging, Micron, and now On Semiconductor, a current world-leading image sensor company.
Instrumental in creating a complete microelectronics production competency for wafer-level sensor
testing through image sensor package assembly.

Actively involved in intellectual property issues including patent prosecution, litigation, licensing
and overall IP strategy.

Intellectual Property

Inventor on 95 issued US patents and numerous foreign patents.

Inventions include: Image sensor technologies, computer architecture, computer vision and image
processing algorithms, headlamp control systems, optical systems, image sensor packaging, LED
lighting, light sensors, and many others.

Regularly drafted my own patent specifications and claims.

Deeply involved in overall corporate IP strategy, including competitive portfolio analysis.
Experienced at prior art searching and design-around.

Participated in many in-person USPTO examiner reviews.

Subject of US patent interference, heavily involved in all proceedings.

Education

Hope College, Holland MI, B.S. 1996. Majors: Engineering Physics, Computer Science. GPA 3.6/4.0
overall, 3.9/4.0 major

Michigan State University, East Lansing MI, M.S. Electrical Engineering 2001 (completed while
employed at Gentex). Emphasis in Solid State Electronic Devices, elective coursework in optics and
image processing. GPA: 3.8/4.0

Military

Michigan Army National Guard 1991-1997. Served as an Infantryman and achieved rank Sergeant
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TRCHO102RX
New Claims

WHAT IS CLAIMED IS:

24 {New) _An illuminating device having automatic control of light provided 1o an

luminated area comprising:

a structure for incorporating iHluminating device elements, wherein the siructur

cemprises @ motor vehicle;

a olurahity of individually controllable LEDS incorporated in the structure via at least

one headlamp mounted to the structure, each headlamp including at least one of the LEDs,

the LEDs in comununicaiion with a powsr source

elecironic circuilry apparatus for the conirolled powering of the LEDs and other of

the iluminating devige elements:

ONES QU IMOTe progessors,

Qne of more sensors. including ong or more cameras, placed on the structure for

detecting coordinate-spegiiie information ahout the illuminated area. at least one of sad

cameras in communication with power, and in communication with at least one of the one or

TNOTE DroCessors,

a controller, mcluding at least one of the one or more processors, inteerated with the

structure_via _mounting 1o communicaton with the LED controliing power _giechronic

circuiiry apparatus, said controller arraneed o process the information communicated from

the cameras and to automatically contral the Helt nrovided 1o the dluminated area and

memory storing instructions that, when executed by one or more procesaors of the

controller, enable the controller to

determine frst coordinates corresnonding o an other vehicle, based on the

coordinate-specific information;

select a cluster of the LED:s that et Lisht toward ai least a portion of the

other vehicle based on the LEDs baving emission aimines associgted with the first

goordinates: and

chanee emussion of the selected cluster of LEDs velative 1o emission of othe

LEDs not included 1n the cluster to greate headiamp ilumination that preserves a first

tevel of tlumination tdluminating past the other vehucle while preventing glare 0.2

driver of the other vehicle

i’.?.,
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25, (New) The tluminating device of claim 24, wherein;

the chaneed emussion includes a change to at least one of intensity or color or a change of at

least one LED of the cluster 1o 2 non-emiiting state, and

the cluster includes a plurality of the LEDs and the cluster ingludes non-conticuous LEDs.

26, {New) The iluminating device of claim 24, wherein the memory further stores

mstructions that, when exegcuted by ong or more processors of the contreller, enable the comroller o

tdentify gn uncoming road curvaiure along a voad on which the motor vehicle i3

accommadate the upcoming road curvature by adaptation of a heht pattern of at least

one of the at least one headlamops.

27 {New) The iiluminating device of claim 26, wherein;

the changed endssion includes a change o at least one of intensity or color or a change of at

feast one LED of the cluster 10 a non-smitling siate

the cluster mnoludes 2 plurality of the LEDs and the cluster ingludes non-contiguous LEDs

and

the memory further stores instructions that when executed by ong or more processers of the

5

controller, enable the congrolier to accommodate the road curvaiure by chansing umination in at

e

feast g divection of the road curvature by adaptanion of the licht sattern in at least one of color,

oyt

intensity or spadial disinbution by modification of Hehi associated with one or more of the LEDg

28 {(New) The illuminating device of claim 26, wherein the identification of the upcoming

road curvature 1s based at least in part on map data and wherein the adaptation of the lighi patiern is

based at least in part on the map data,
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29 (Newy The itHuminating devige of claim 26, wheretn the identification of the upcoming

road curvature s based at least v part on sensor data provided by one or more of the sensers of the

ehicle and wherein the adaptation of the Lol paitern is based at least in part on the sensor data,
30 {(New) The iHuminating device of claim 24, further including one or more optical control

clements to controd Lieht emitted from one gr more of the LED s,

(_),,
C/
‘.A

ew} The iHuminating device of claim 30, wherein the optical control elements include

a

at least one of gne or more reflectors, refractors or lenses,

32 (Newy Ao _dluminating_device having sutomatic_contrel_of light provided 1o an

tluminated area comprising,

a structure for incorporating iHuminating device elements, wherein the structure comprises a

maoior vehicle:

a plurality of individuallv controliable LEDS incorporated in the structure via at least one

headlamp mounted to the structure, each headlamp including at least one of the LEDs. the LEDs in

communication with a POWET SOUTCE,

~

clectronic_circuiiny_apparatus for the controlled powenng of the LEDs and other of the

tluminating device elements;

OHE O IGre DICCOssers

one o more sensors, including one or more Cameras 2 faced on the structure for detecting

coordinate-specific information about the iluminated area and positioned to capture an image of at

feast one target, at least one of said cameras in commimication with BOWEr, and in communication

with at 1gast one of the one of MOTS ProCessors,

a condrellen, including at least one of the ong or more processers, inteerated with the structure

via mounliine in communication with the LED controlling nower elecironic cirauitry apparaius, said

controller arraneed o process the information communicated from the cameras and to automatically

conirol the lieht vrovided 1o the dluminated area_and

memory storing instructions that, when executed by one or more processors of the controller,

enable the controller o
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create a beam of diminished tHuminaton tlumunating at least a portion of the at least

gne target with nop-glacing iHunination, oreated within a broader feld of illuminagion

N 1

having different indensity than the beam, by one or more chanwges {0 characteristics of first

fight of a cluster of the LEDs providing the first el directed at the at least 8 porsion and

creating the bheam, the beam diminshed in intensity relative to the broasder feld of

itHumination iluminating at least above and on both sides of the beam: and

foliow, based af least in vart on data from one or more of the cameras, the at least one

tareet with the diminished ilumination as the at least one tarset changes location relative o

the motor vehiele,

33, MNew) The tluminating devige of elaim 32 wherein;

the memory further stores insiructions that, when executed by one or more processors of the

coutrolier,  enable the controller to select the cluster of LEDs based at feast in part on known

4
3 H

aimines of the frst Hehi associated with the fOrst cluster havine a correlation 1o the at least the

portion, the known aimings based af least in pat on at least one of known directionality of light

emitted by the frst cluster or known directionality of heht emutted by the first cluster exdtine the

headlamyp,

the data includes image data,

the one or more changes o characienistics of the first lieht include a chanze 1o at least one of

intensity or color or a chanee of at least one LED of the cluster to & non-emitting state, and

@..

the cluster includes a plurality of the LEDs and the cluster includes non-conticuous LEDs.

34 (New) The illuminating device of claim 32, wheran the memony further stores

instructions that, when executed by one or maore processors of the controller, enable the controller

identify an upcoming road curvature along a road on which the motor velugle 18

traveling, and

1, o

ageonumoedate the upcoming road curvature by adaptation of a hght pattern of at least

one of the at least one headlamps,
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g Al 4

35, {New) The illuminating device of claim 34, wherein;

the one or more changees to characteristics of the first heht include a change to at least one of

tntensity or color or a chanee of at least one LED of the cluster 1o 4 non-emiiting staie;

the cluster includes a plurality of the LED s and the cluster ingludes non-contizucus LEDs:

the memory further stores instructions that, when execuied by one or maore processors of the

controller,  engble the controller to select the cluster of LEDS based at least in part on known

5

amvunes of the OGrst bebt associated wath the Drst clusier having a correlation o the at leass the

portion, the known aimings based at least in part on at least one of known directionality of hight

o

emitted by the first cluster or known directionalitv of Helt emutted by the first cluster exiting the

headlamp and

o

the memory further stores instructions that when executed by ong or more progessers of the

controller, enable the controller 1o accommuodate the voad curvature by chaneine umination in al

e

feast a divection of the road curvature by adaptauon of the licht patgern in at least one of colorn

intensity or spadial disinbution by modificasion of Hehi associated with one or more of the LEDg

36, {New) The dluminating device of claim 34, wherein the identfication of the upcoming

road curvature 1s based at least in part on map data and wherein the adaptation of the lighi patiern is

based at least in part on the map data,

37, (New) The dhuminanng device of claim 34, wherein the identification of the upcoming

road curvature is based at leasi in part on sensor data orovided by one or more of the sensors of the

vehicte and wherein the adaptation of the Hight pattern is based at east in part on the sensor data,

P

38, (MNew) The tlluminating device of claim 32, further including one or more optical control

elements o contrel heht emitted from ong or more of the LEDs,

39 {(New) The itliminating devige of claim 3§

at least one of one or more reflectors, refractors or lenses,
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o

40, (Newy_ An illuminating device having awtomatic coniro

iy

of Heht provided 1o an

luminated area comprising:

a struciure for incorporating uminating device elements, whereln the struciure comprises a

maotor vehicle,

a plurality of individoally coniroliable LEDs incorporated n the siruciure via at least one

headlamp mounted to the structure, each headlamp including at least one of the LEDs. the LEDs i1

communication with a power source,

clectronic cirguilry apparatus for the controlled powering of the LEDs and cther of the

iluminating device elements;

QRE O MOKe DroCessers

gne or more sensors, including one or more_cameras, placed on the wructure for detecting

coordinate~specific information about the tluminated area and positioned to capture an image of al

feast bwo other vehicles, at least one of said cameras in communication with power, and in

comununicaiion with at least one of the one or more PYOCESSOES,

a controller, including at least one of the one or more processors, inteerated with the structure

via mouniing in communication with the LED controlline power elecironic cireuitry apparaius, said

controller arranged {0 process the information communicated from the cameras and o automatically

control the light provided to the iluminated area; aud

memory stoving instructions that, when executed by one or more processors of the controiler,

enable the controller to

determine a frst cluster of the LED< iluminaiing at least 2 Oirst portion of a Grst other

vehicle based at least in part on data from one or more of the sensors indicating a firgt

nostiion associated with the first other vehicle

diminish elaring iHumination of the first other vehicle by a first change to one or

more characteristics of first licht of at least the fivst cluster

determine a second, different cluster of the LEDs iHuminating al least a second

portion of & second other vehicle based at least in part on the data indicating a second

nostiion associgted with the second other vehicle:

diminish glanine tHumination of the second other vehicle by a second change o gne

N

o more charactenstics of second light of at least the second, different cluster,
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wherein the first and second chanses decrease intensity of first emission from the fust

cluster and second emission from the second cluster relative to a third emission, from the at

"

least one headlamp, uminating an area between the first and second nortion,

41 (New) The iifuyminating devige of olaim 40, wherein,

the data includes image datas

at feast one of the frst or second change to charactenistios of Heht associated with at fsast ong

of the first or second cluster of LED < includes at least one of a change to color, to intensity,

change of at least one LED of the respective cluster 1o 8 non-emutling staie;

at least one of the first cluster or the second cluster includes a pluralitv of the LEDs and &t

teast one of the first cluster or the second duster includes non-contgucus LED

the determination of the first cluster includes selecrion of the Hirst cluster based at leasiin part

on known aimines of Helt associated with the first cluster having a correlation 1o the £irst position

the known aimines based at least 1o part on al least one of known directionality of Leht enutted by

the first cluster or known directionality of Haht emitted by the frat cluster exating the headlamn: and

the determunation of the second cluster includes selection of the second cluster based at least

tn part on known ainmunes of Hebt associated with the second cluster having a correlation to the

second position, the known aimings based at least in pant on at least one of known directionalitv of

Heht emitied by the second cluster or kuown divectionality of Heht emitied by the second cluster

exuting the headlamp.

A

42 {New) The lluminating device of claim 40, wherein the memory further stores

instructions that, when execuied by one oy more processors of the controtler. enable the coniroller i

identfv an upcoming read curvature alongz a road on which the motor vehicle 18 traveling:

accommodate the upcoming road curvature by adaptation of a Lieht pattern of at least one of

the at least one headlamps.
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3. {New) The illuminating device of claim 42, wherein;

.i.\.;

i

at teast one of the Orst or second change to charactenistics of Heht associated with at least one

of the first or second cluster of LEDs mncludes ai least one of a change to color, fo intensity, or a

change of at least one LED of the respective cluster 1o 8 non-emutling staie;

at least one of the first cluster or the second cluster includes a pluralitv of the LED< and &t

feast one of the first cluster or the second cluster includes non-conueuous LEDS

the determination of the frst cluster includes selection of the frst cluster based at feast in pagt

on known aimines of Helt associated with the first cluster having a correlation 1o the £irst position

the known atmings based at least v part oo at least one of known directionality of helt _enutted by

N
i

the first cluster or known directionality of Heht emitied by the first clusier exiting the headlamp,

the deternunation of the second cluster includes selection of the second cluster based at least

tn part on known ainmunes of Hebt associated with the second cluster having a correlation to the

second posttion, the known aimings based at least in part on at least one of known directionality of

o~

Heht emutied by the second clusier or known directionalitv of lieht enutted by the seoond clustes

exiting the headlamp, and

the memory further stores instructions that, when executed by one or more processors of the

controller, enable the controlier 1o accommuopdate the road curvature by chaneine dlumination m at

least a divection of the road curvature by adaptation of the lght pattern in at least one of color,

~

intensity or spatial distribution by modification of Light associated with one or more of the LEDg

44, (New) The dhumnating device of olaim 42, wherein the identification of the upcoming

road curvature 18 based at least in part on map data and wherein the adaptation of the light pattern is

hased at least in part on the mag data

4% {New) The illuminating device of claim 42, wherein the identification of the upcoming

rogd curvature i3 based at least in part on sensor data provided by one or more of the sensors of the

vehicle and wherein the adapration of the Light pattern is based at least in part on the sensor data,

46, {(New) The tluminating device of claim 40, further including one ¢or more optical control

slements o control heht emtted from ons or more of the LED
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47, {New) The Hluminating device of claim 46, wherein the optical condrol elements include

at least one of one or more refleciors, refractors or lenses,

4% (New_An_illuminating device having automatio gontrol_of hght provided foap

tuminated area comprising:

a strycture for ingo i{}ﬂ]’&ﬁdﬁ tHumnati g device elements, wherein the struciure &Aﬂdi"!’l%i’

motor vehicle:

a plurality of individually conrolisble LEDs incorsorated in the structure via at least one

headlamp mounted to the structure, each headlamp including at least one of the LEDs. the LEDs i1

commumcation with a power souree;

electronic cireuitry apparatus for the controlled powering of the LEDs  and other of the

,..,
o

itluminatine device elements;

QRO O MOre ProCessers,

one of miore sensors, including one or more cameras, placed on the structure for detecting

coordinate~specific information sbout the luminated area. at least ons of said cameras in

communication with power, and in communication with at least oue of the one Or IMOre PrOCessoTs,

a controller, including at least one of the one or more processors, integrated with the structure

via mounting, in communication with the LED coniroliing power electronic ircutiry apparatus, sad

controller arranged 1o process the information, communicated from the cameras and 1o automangcally

control the heht orovided 1o the dlumanated areas and

memory storing instructions that, when executed by one or more processors of the controller,

enable the controller io;

illuminate a portion of at least one obiect, indicated by data from at least one of the

one Or more sensors. by selecting a first cluster of the LEDs 1o emit fivst licht directed

towards a first area including the at least the portion of atb feast one obiect the first area

determined based at feastin part on the data, the first cluster selected based at leastin part on

known aimines of Lioht associated with the Grst cluster determined 1o correspond to the first

&

area, and the first Helt determined based at least in part on classifving the obiect based at

{east in part on the data andeontrol Hight emutted from the Grst gluster divected towards the
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first area io be different in at least one emission characteristic, based on the fivst Hght
determination, from second light emitted from a second, different cluster of the LEDs,

directed towards one or more dluminaied second areas at a common elevaiion with the Hrst

area and laterally adiacent to the first area,

49 {New) The iiluminating device of claim 48 wherein;

the data includes image daty;

the memory further stores instructions that, when executed by one or more progcessors of the

ontroller. enable the conwroller to tluminate the at least the portion with hght below at least a

predefined slare level:

the at least one objectinciudes at least one of 4 pedestrian, g sign, or ancther vehicle:

o~

he first cluster or the second cluster includes a plurality of the LEDs and at

s
o

u->

at least one of

feast one of the first cluster or the second cluster includes non-contiguous LEDs:

~
i

the conirol of the hight emmtied from the st cluster includes a change of at least one LED of

the cluster 1o a non-emitting state;

the at least one emission characienstie is different followine modification by an ontical

control elament; and

5

the known minunes of heht associated with the frst cluster is based at least on part on known

directionality of light emitted by LEDs of the first cluster exiting from the at least one headlamp.

{‘;

S0, (New)_The lununating device of claim 48, _wherein _the memory, futher stores

processors of the controlier, enable the countroller 1o

[¢]

instructions that, when executed by one or more

dentily an uncoming read curvaiure along a rvoad on which the motor vehicle is

traveling, and

accommodaie the upeonung road curvature by adaptation of a light pattern of at least

gue of the headlamps.

10
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51 {New) The illuminating device of claim 3¢, wherein;

the memory further stores instructions that when executed by ong or more processers of the

controller, enable the controller o illuminate the at least the portion with lieht below at least a

predefined glare lovel

the at least one obieci includes atleast one of a pedesinan, & sign. or another vehigle:

at least one of the first cluster or the second cluster includes a plurality of the LEDs and at

teast one of the Grst cluster or the second cluster includes non-contizuous LEDs

the control of the Light emitted from the first cluster includes a chanee of at least one LED of

the cluster to 8 non-emitling state;

the at least one emission characteristic is different following modification by an optical

control element

the known aimines of heht associated with the first cluster is based at least on part on known

directionality of Laht emitted by LEDs of the first cluster exiting from the at least one headlamp; and

the memory further stores instructions that, when execuied by one or maore processors of the

controller, enable the contraller to accommuodate the road curvature by changing dlumination in at

teast a divection of the road curvaiure by adaptation of the hght patern 1o at least one of color

,._

tntensity or spatial distribution by modification of light associated with one or more of the LEDs,

52, (New) The illuminatng device of ¢lamm 30, wheretn_the dentification of the upcoming

road curvature 18 based at Jeastin part on map data and whergin the adaptation of the light patierns

based ab least 1o part on the man data,

3. (New) The illnminating device of ¢laim 30, wheretn the wdentification of the upcoming

read curvature is based at least 1n part on sensor data provided by one or more of the sensors of the

vehicle and wherein the adaptanon of the lieht pattern is based at leastin part oo the sensor data,

S4_{New) The tlununating device of claim 48, further including one or more opngeal control

elements to control lieht enutted from one or more of the LEDs,

11

Mercedes EX1010, Part 1 of 3
U.S. Patent No. 9,955,551



TRCHO102RX
New Claims

55 {New) The iluminating device of claim 34, wherein the optical control slements includs

at feast one of one or more refiegiors, refractors or lenses,

S6. (Newy_ An_iiluninating device heving automatce control_of hght provided o an

luminated area comprising,

a structure for chomm dine Humimating device elements, wherein the stiucture comuprises a

moter vehicls:

a plurality of individually controlisble LEDS incorporated in the structure via at least one

headlamp mounted to the structure, each headlamp including at least one of the LEDs. the LEDs in

communicaiion with a power source:

clectronic circuitryapparsius for the controllied powerine of the LEDs and other of the

tluminatng device elements,

OIS OF DTS processors,

one of more sensors, including ong Or more Cameras, f‘id ed on the structure for detecting

coordinate-specific information asbout the Hluminated area and positioned to capture an image of at

teast one other vehicle ahead of the motor vehicle, at least one of said carmerss in communicalion

with power, and in communication with at least one of the one Or mMOore ProCessors,

a controller, including at least one of the one or more processors, integrated with the structure

via mounting, in communication with the LED coniroliing power electronic circutiry apparatus, sad

o

controller arranged to process the information comupunicated from the cameras and to automangcally

control the heht orovided 1o the dlumanated areas and

memory storing instructions that, when executed by one or more processors of the controller,

enable the controller io;

determine, based on data from one or more of the sensors, a vertical and horizontal

position associated with the at least one other vehicle:

select a first cluster of the LEDs based at leasi in part on at least one of the vertical

and horzental position comnpared to known aimings of lght ssseciated with the first clusten

and

reduce intensity of dlumination o non-glanne dlumination of a first area gssociated

with the at least one other vehicle, relabive to infensity of tHumination on both sides of the

12
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first area ab elevations common with the Hrst area dluminated by a second cluster of the

LEDs, by contrel of emassion from the fivst cluster,

ST {New) The iluminating device of claim 36, wheraing

the data includes image data,

the control of emission of the first cluster includes a change of at least one of color or

ntensity or contral of at least one LED of the Oirst cluster into 8 non-emiiting staie,

e o~ e

at 1gast one of the first cluster or the second cluster includes a plurality of the L Es and at

least one of the fivst cluster or the second cluster ingludes non-contiguous LEDs: and

the known Hght aiminegs associated with the first cluster is based at least on part on known

o ~

direcuonality of lieht emitted by LEDs of the first cluster exdting from the at least one headlamp,

S8 {New) The illuminating device of claim 3¢ wherein the memory further stores

instructions that, when execuied by one oy more processors of the controtler. enable the coniroller i

H

identify an upcoming road curvature along a road on which the motor vehicle s

{raveling and

................... PR 4

accommadate the upcoming road curvature by adaptation of a heht pattern of at least

one of the headlamps,

39, {(New) The tluminating devige of claim SR, wherein;

the control of emission of the frst cluster includes a chanee of at least one of color or

intensity or contral of at least one LED of the first cluster into 8 non-enmuitting state;

at least one of the Grst cluster or the second cluster includes a nlurality of the LEDs and at

]

feast one of the first cluster or the second dluster includes non-contieuous LEDs

the known Heht simings associated with the first cluster 18 based st least on part on known

direciionaiity of Lieht emitted by LEDs of the first clusier exiting from the at least one headlamp: and
the memory further stores instructions that, when executed by one or more processors of the

coniroller. enable the controller to accommeodate the road curvature by changing Hlupunation inat

ieast a direction of the read curvature by adaptation of the light pattern in at feast one of color,

ntensity or spatial distribution by modification of heht associated with one or more of the LEDs,
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60, {(New) The duminating device of claim 58 wherein the identification of the upcoming

road curvature 1s based at least in part on map data and wherein the adaptation of the lighi patiern is

based at least in part on the map data,

61, {(New) The illuminating device of claim 58 wherein the identification of the upcoming

road curvature is based at leasi in part on sensor data orovided by one or more of the sensors of the

vehicle and wherein the adaptation of the light pattern is based at least in part on the sensor data,

62 (New) The thuminating device of claum 56, further including one or more optical control

elements o contrel heht emitted from ong or more of the LEDs,

{New) The tHluminating device of claim 62, wherein the optical control elements include

at least one of one or more reflectors, refiactors or lenses,

64, (New) An dhupninating device bhaving automatic control of light provided 1o an

tluminated area comprising,

a structure for ingorporating Huminagting devige glements, wherein the struciure COmMprises a

motor vehicle:

a_plurality_of individually_controligble LED incorporated in the structure via at least one

headlamp mounted to the structure, each headlamp including at least one of the LEDs and in

communication with a power source

elocironic circuitry apparaius for the controlled powering of the LEDs and other of the

tlluminating device elements;

OHE O IGre DICCOssers

gne or more sensors, including one or more cameras, placed on the structure for detecting
coordinate-specific nformation about the dluminated aree and positioned to capturg an image of

"

another vehicle, at least one of said cameras in communication with power. and in copununication

with at 1gast one of the one of MOTS ProCessors,
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a controtler. including at least one of the one or more proce . inteerated with the structure

via mounting, in commurucation with the LED controlling DOWE v elecironic circuitey apparatus said

controller arranged {0 process the information communicated from the cameras and o automatically

control the light provided to the iluminated area; aud

Memory. storing nstructions tha L {owhen executed by one or more PIGCOsSsNs of the controller

enable the controller

sedect a frst oluster of the LEDS havine leht associated therewith that is diregied

towards the other vehicle based at least in part on first data from one or more of the sensors

indicating a first position associated with the other vehicle,

o~

control a first change 10 one o more charagtenstics of the licht associated with the

first cluster of the LEDs that is duected towards the other vehicle, that dimunishes glare to g

driver of the other vehicle when the other vehicle 1s gt the first postiion:

select a second. different cluster of the LEDs having Lioht associated therewith that is

divecied towards the other vehicle based at least in part onsecond, subsequent data from one

or more of the sensors indicating a second, subseguent position associated with the other

vehicle: and

conirol a second. subsequent change, 10 one or more characteristics of the Lichi that is

subseguently directed towards the other vehicle, that diminishes glare 1o the driver of the

other vehicle when the other vehicle is at the second position.

65, (New The dluminating device of ¢laim 64, wherein:

the first data or second data includes imase data:

at Jeast one of the first or second change to characteristics of Heht assoctated with at least one

of the first or second cluster of LEDs includes at least one of a change to color, to intensity, or a

change of at least one LED of the respective cluster 1o a non-emutting state:

at least one of the first cluster or the second cluster inchudes a plurality of the LEDs and at

feast one of the first cluster or the second cluster includes non-contiguous LEDs: and

the Huht that is divected or subseguenilv directed towards the other vehicle 1s determinad

based at least in part on known divectionality of light emitted by the respective first or second cluster

exiiing the at least one headlamn,
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i

00, _(New)_The tluminating device of claim 64, wherein the memory  further_stores

tnstructions that, when executed by one or more processors of the coniroller, enable the controller

[#2]

wdentify_an upcoming read curvature_along a road_on which the motor vehigie 3

accommeodate the upconuing road curvature by adaptation of a light pattera of at least

one of the headiamps,

{New) The illuminating device of clain 66, whereiny

at least one of the first or second chanee to charactenstics of Heht assoctated with at least gus

of the first or second cluster of LEDs includes at least one of a change to color, o intengity, or g

change of at least one LED of the respective clusier o a non~amitling siate

e e

at 1gast one of the first cluster or the second cluster includes a plurality of the L EDS and at

5

least one of the first cluster or the second chluster includes non-contiguous LEDs

the light that is directed or subsequently directed towards the other vehicle 15 determined

based ab least 1o part on known divectionality of Leht empitted by the respective first or second clusier

exiting the at least one headlamp, and

the memory further stores instructions that, when executed by one or more processors of the

coniroller, enable the controller to accommeodate the road curvature by changing Hlupunation inat

igast a direction of the road curvature by adaptation of the hight paftern to_at least oneg of color

ntensity or spatial digtnibution by modification of Lhight associated with one or more of the LEDs.

(New) The illominating device of ¢laim 66, wheretn the wdentification of the upcoming
LA

read curvature 18 based at feast in part on map data and wherein the adamtation of the Heht pattern is

based at least in part on the map data

69 {(New) The llununating device of dlaim 66, wherain the wdentificanon of the npeoming

road curvature is based at least in part on sensor data provided by one or more of the sensors of the

vehicle and wherein the adaptation of the Heht pattern is based at least in part on the sensor data,
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