DocCode - SCORE

SCORE Placeholder Sheet for IFW Content

Application Number: 18527226 Document Date: 12/01/2023

The presence of this form in the IFW record indicates that the following document type was received
in electronic format on the date identified above. This content is stored in the SCORE database.

Since this was an electronic submission, there is no physical artifact folder, no artifact folder is
recorded in PALM, and no paper documents or physical media exist. The TIFF images in the IFW
record were created from the original documents that are stored in SCORE.

Drawing

At the time of document entry (noted above):
e USPTO employees may access SCORE content via DAV or via the SCORE web page.

e External customers may access SCORE content via PAIR using the Supplemental Content
tab.

Form Revision Date: March 1, 2019 Samsara EX1002

Samsara v. Motive Tech. Inc.
0001 IPR2026-00034



PTO/AIA/14 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032
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Attorney Docket Number | 189908.000302

Application Data Sheet 37 CFR 1.76

Application Number

CAMERA INITIALIZATION FOR LANE DETECTION AND DISTANCE ESTIMATION USING SINGLE-VIEW

Title of Invention GEOMETRY

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.

This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the
document may be printed and included in a paper filed application.

Secrecy Order 37 CFR 5.2:

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

Inventor Information:

Inventor 1

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
Ali HASSAN

Residence Information (Select One) (O US Residency  (8) Non US Residency () Active US Military Service

City |Lahore Country of Residence ! PK

Mailing Address of Inventor:

Address 1 c¢/o MOTIVE TECHNOLOGIES, INC.

Address 2 55 Hawthrone Street, 4th Floor

City San Francisco | State/Province CA

Postal Code 94105 | Country us

Inventor 2

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
Ahmed ALl

Residence Information (Select One) () US Residency  (8) Non US Residency () Active US Military Service

City |Lahore Country of Residence ! PK

Mailing Address of Inventor:

Address 1 c¢/o MOTIVE TECHNOLOGIES, INC.

Address 2 55 Hawthrone Street, 4th Floor

City San Francisco | State/Province CA
Postal Code 94105 | Country us

Inventor 3
Legal Name

EFS Web 2.2.13 0002
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Approved for use through 11/30/2020. OMB 0651-0032

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

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

Attorney Docket Number | 189908.000302

Application Data Sheet 37 CFR 1.76 —
Application Number

. . CAMERA INITIALIZATION FOR LANE DETECTION AND DISTANCE ESTIMATION USING SINGLE-VIEW
Title of Invention

GEOMETRY
Prefix| Given Name Middle Name Family Name Suffix
Syed Wajahat Ali Shah KAZMI

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

City |Lahore Country of Residence ! PK

Mailing Address of Inventor:

Address 1 c¢/o MOTIVE TECHNOLOGIES, INC.

Address 2 55 Hawthrone Street, 4th Floor

City San Francisco | State/Province CA
Postal Code | 94105 | Country us

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

Correspondence Information:

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

[ ] An Address is being provided for the correspondence Information of this application.

Customer Number 32361

Email Address njdocket@gtlaw.com

Application Information:

Title of the Invention \(;lﬂél\\/ll\lligé(leNIlE_/rAll?_\I(ZATION FOR LANE DETECTION AND DISTANCE ESTIMATION USING SINGLE-
Attorney Docket Number| 189908.000302 Small Entity Status Claimed [ ]

Application Type Nonprovisional

Subject Matter Utility

Total Number of Drawing Sheets (if any) 10 Suggested Figure for Publication (if any)

Filing By Reference:

Only complete this section when filing an application by reference under 35 U.S.C. 111(c) and 37 CFR 1.57(a). Do not complete this section if
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be
provided in the appropriate section(s) below (i.e., “Domestic Benefit/National Stage Information” and “Foreign Priority Information”).

For the purposes of a filing date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a). )
Application number of the previously Filing date (YYYY-MM-DD) Intellectual Property Authority or Country

filed application

EFS Web 2.2.13 0003
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Attorney Docket Number | 189908.000302

Application Data Sheet 37 CFR 1.76

Application Number

CAMERA INITIALIZATION FOR LANE DETECTION AND DISTANCE ESTIMATION USING SINGLE-VIEW

Title of Invention GEOMETRY

Publication Information:
[] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Request Not to Publish. | hereby request that the attached application not be published under

] 35 U.S.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the
subject of an application filed in another country, or under a multilateral international agreement, that requires
publication at eighteen months after filing.

Representative Information:

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32).

Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer
Number will be used for the Representative Information during processing.

Please Select One: (®) Customer Number (O US Patent Practitioner (O Limited Recognition (37 CFR 11.9)
Customer Number 32361

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, 365(c), or 386(c) or indicate
National Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes
the specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78.

When referring to the current application, please leave the “Application Number” field blank.

Prior Application Status | Pending

Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
Continuation of 17493011 2021-10-04

Additional Domestic Benefit/National Stage Data may be generated within this form
by selecting the Add button.

Foreign Priority Information:

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet
constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application
that is eligible for retrieval under the priority document exchange program (PDX)i the information will be used by the Office to
automatically attempt retrieval pursuant to 37 CFR 1.55(i)(1) and (2). Under the PDX program, applicant bears the ultimate
responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual
property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)(1).

EFS Web 2.2.13 0004



PTO/AIA/14 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Application Data Sheet 37 CFR 1.76

Attorney Docket Number | 189908.000302

Application Number

Title of Invention GEOMETRY

CAMERA INITIALIZATION FOR LANE DETECTION AND DISTANCE ESTIMATION USING SINGLE-VIEW

Application Number

Countryi

Filing Date (YYYY-MM-DD)

Access Code' (if applicable)

Add button.

Additional Foreign Priority Data may be generated within this form by selecting the

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition

Applications

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also
contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March

[] 16, 2013.

NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March

16, 2013, will be examined under the first inventor to file provisions of the AlA.

EFS Web 2.2.13
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Attorney Docket Number | 189908.000302

Application Data Sheet 37 CFR 1.76

Application Number

CAMERA INITIALIZATION FOR LANE DETECTION AND DISTANCE ESTIMATION USING SINGLE-VIEW

Title of Invention GEOMETRY

Authorization or Opt-Out of Authorization to Permit Access:

When this Application Data Sheet is properly signed and filed with the application, applicant has provided written
authority to permit a participating foreign intellectual property (IP) office access to the instant application-as-filed (see
paragraph A in subsection 1 below) and the European Patent Office (EPO) access to any search results from the instant
application (see paragraph B in subsection 1 below).

Should applicant choose not to provide an authorization identified in subsection 1 below, applicant must opt-out of the
authorization by checking the corresponding box A or B or both in subsection 2 below.

NOTE: This section of the Application Data Sheet is ONLY reviewed and processed with the INITIAL filing of an
application. After the initial filing of an application, an Application Data Sheet cannot be used to provide or rescind
authorization for access by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate.

1. Authorization to Permit Access by a Foreign Intellectual Property Office(s)

A. Priority Document Exchange (PDX) - Unless box A in subsection 2 (opt-out of authorization) is checked, the
undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO), the Japan Patent Office
(JPO), the Korean Intellectual Property Office (KIPO), the State Intellectual Property Office of the People’s Republic of
China (SIPO), the World Intellectual Property Organization (WIPO), and any other foreign intellectual property office
participating with the USPTO in a bilateral or multilateral priority document exchange agreement in which a foreign
application claiming priority to the instant patent application is filed, access to: (1) the instant patent application-as-filed
and its related bibliographic data, (2) any foreign or domestic application to which priority or benefit is claimed by the
instant application and its related bibliographic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(h)

).

B. Search Results from U.S. Application to EPO - Unless box B in subsection 2 (opt-out of authorization) is checked,
the undersigned hereby grants the USPTO authority to provide the EPO access to the bibliographic data and search
results from the instant patent application when a European patent application claiming priority to the instant patent
application is filed. See 37 CFR 1.14(h)(2).

The applicant is reminded that the EPO’s Rule 141(1) EPC (European Patent Convention) requires applicants to submit a
copy of search results from the instant application without delay in a European patent application that claims priority to
the instant application.

2. Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s)

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant
[ ] application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with
any documents and information identified in subsection 1A above.

B. Applicant DOES NOT authorize the USPTO to transmit to the EPO any search results from the instant patent
[] application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant
application.
NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the
application in accordance with 37 CFR 1.14.

EFS Web 2.2.13 0006
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Attorney Docket Number | 189908.000302

Application Data Sheet 37 CFR 1.76 —
Application Number

CAMERA INITIALIZATION FOR LANE DETECTION AND DISTANCE ESTIMATION USING SINGLE-VIEW

Title of Invention GEOMETRY

Applicant Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR
to have an assignment recorded by the Office.

Applicant 1

If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed.
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an
applicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be
identified in this section.

(® Assignee (O Legal Representative under 35 U.S.C. 117 (O Joint Inventor

O Person to whom the inventor is obligated to assign. O Person who shows sufficient proprietary interest

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

Name of the Deceased or Legally Incapacitated Inventor:

If the Applicant is an Organization check here.

Organization Name | \io7vE TECHNOLOGIES, INC.

Mailing Address Information For Applicant:

Address 1 55 Hawthrone Street

Address 2 4th Floor

City San Francisco State/Province CA
Country | Us Postal Code 94105
Phone Number Fax Number

Email Address

Additional Applicant Data may be generated within this form by selecting the Add button.

Assignee Information including Non-Applicant Assignee Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title
37 of CFR to have an assignment recorded by the Office.

EFS Web 2.2.13 0007
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U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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. . Attorney Docket Number | 189908.000302
Application Data Sheet 37 CFR 1.76

Application Number

. . CAMERA INITIALIZATION FOR LANE DETECTION AND DISTANCE ESTIMATION USING SINGLE-VIEW
Title of Invention GEOMETRY

Assignee 1

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent
application publication. An assignee-applicant identified in the "Applicant Information" section will appear on the patent application

publication as an applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the
patent application publication.

If the Assignee or Non-Applicant Assignee is an Organization check here.

Prefix Given Name Middle Name Family Name Suffix

Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1

Address 2

City State/Province
Country Postal Code

Phone Number Fax Number

Email Address

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by
selecting the Add button.

Signature:

NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b). However, if this Application
Data Sheet is submitted with the INITIAL filing of the application and either box A or B is not checked in
subsection 2 of the “Authorization or Opt-Out of Authorization to Permit Access” section, then this form must
also be signed in accordance with 37 CFR 1.14(c).

This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic
entity (e.g., corporation or association). If the applicant is two or more joint inventors, this form must be signed by a
patent practitioner, all joint inventors who are the applicant, or one or more joint inventor-applicants who have been given
power of attorney (e.g., see USPTO Form PTO/AIA/81) on behalf of all joint inventor-applicants.

See 37 CFR 1.4(d) for the manner of making signatures and certifications.

Signature |/George Zalepa/ Date (YYYY-MM-DD)| 2023-12-01

First Name | George Last Name Zalepa Registration Number | 72706

Additional Signature may be generated within this form by selecting the Add button.
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Attorney Docket Number | 189908.000302

Application Data Sheet 37 CFR 1.76

Application Number

CAMERA INITIALIZATION FOR LANE DETECTION AND DISTANCE ESTIMATION USING SINGLE-VIEW

Title of Invention GEOMETRY

This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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Privacy Act Statement

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

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

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

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

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

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

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

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

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

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

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

From the INTERNATIONAL SEARCHING AUTHORITY

. GEORGE ZALEPA | PCT

GREENBERG TRAURIG, LLP
ONE VANDERBILT AVENUE
NEW YORK, NY 10017 NOTIFICATION OF TRANSMITTAL OF

| THE INTERNATIONAL SEARCH REPORT AND
THE WRITTEN OPINION OF THE INTERNATIONAL
SEARCHING AUTHORITY, OR THE DECLARATION

(PCT Rule 44.1)

Tists of maiting
{dapingetliyepr}

- Applicant’s or agent’s file reference
FOR FURTHER ACTYION  See paragraphs 1 and 4 below

| 189808.000301
Internationat application No. I{nt@matiqn'al fiting date
POT/US 22/45734 {daymonshiyear) 28 September 2022 (28.08.2022)

Applicant MOTIVE TECHNOLOGIES, INC.

Mo spplicant is heodlie notified that the tntynatipnat szarch report and the written opinien of the International Searching
oty have bewg setdblished and are transmitgd herawith,

Filing of amendments and siatement under Artiele 1%: ‘

The anplib ant is entitled, if he so wishes, to amend the claims of'the mte:matmnal application {see Rule 46):

When? The time lmit for filing such amendments is normally two months from the date of transmittal of the international

ssarch repot.

How?  Directly to the International Bureau preferably through ePCT, or on paper to:
The International Rurean of WIPQ, 34, chemin des Colombeties, 1211 Geneva 20, Switzerland

For more detatied instructions, see the PCT Applicant s Guide, Iiternational Phase, pavagraphs 9.004 —8.011

I3od

l E The appligant i$ Hersty notifisd thet s intermationsl sesrch xepert will be opiablishpd and that e dectanting wder
T Articls TR to that affect and the virition opieien of the Intesndtional Scarcking Suilfority are teamumitted Herowith,

3. D With regard to any protest against pavment of {an) additional foe(s) vnder Rule 40.2, the applicant is notified that:

the protist togettue with tir decision therson has heen transmdtiad o s Tntgrnationd Bersas togettis with any request
o Rorwsrd M Wiy ol both e protest and the decizinn tao o the desigmmed Offieeg.

f12x decision has hean ade et aw the protest; e spplivant will be nolified a8 soon as 3 decisiors i made,

4. Reminders

The spplicant may submit comm ety on andnduymal mm o the woitten ppinion of the Inferaational ‘%aarchs;xg Avtharity to
e Mrieratinnal Burdaw, Thske cotmaents will bo made svalableto the pblic alter sitdcraiionad publiuztion. The Interamionsl
B will sl 2 copy o such commants © all dbsignaid Ciftens wnldss s dntorbaticnal preliminary sxaningtion reperi has
been or is to be established.

Shortly after the expiration of 18 months from the priority date, the international application will be puhithed by the
Inteenstional Rureay, Ifthe applisast wishestoavoi or postpone p\z{ﬁxmunn snotice sfvithdenvat of the torational spplisstion,
or of he privvity S, must Rk G Intorsanonat Pareau beftes the vompletion of S taclutioal preparatinns for intematinmal
publication {Rules 90&is.1 and 90bis.3).

Within 19 monthy from the priveis dais, bub o

sxsnmintion e b fied e \zptﬂsm:am wishes v;a SputiE Qm‘ enm m
et (in some TR0 wves latery. olisoivisy, the H

3

iy for oy tuio the sationad pinxe beftre those c!mcfsmx SR 3 cex the time Nt st
3 mvontis {or etard witl spphy oven o demand fe filed veithin i*‘* maﬂi.‘ﬁ: ? s Hnits, B3

P

By Oy, sos wivsowis inFpettfentsftime it hted and the FOT dppioeml Gude, “é 'm\\mt' b fm:r\
WHHIN 22 months fraw the prigrity Jade, the applizant ey s‘mguut simt & suppiemmtaw international search be carvied out
byd Qiffesent fmerrational Scarching Authority that ffove tus sepvive {Rule85bis. 1). The procedure for requesting supplementary
micmatmm. search is dr.ambcd in fne PCT Applicant’s Guide, International Phase pdragrdphs 8.005-8. 032

Name and mailing addrass of the ISA/US Authorizsd officer

Matl Stop PCT, Altr ISAUS

Commissioner for Patents

P.0. Box 1450, Alexandria, Virginia 22313-1450
Facsimile Mo, §71-273-8300 Telephons No. PCT Helpdesk: 571-272-4300

Kari Rodriquez

Form PCT/ASAZ20 {revised Janvary 2020}
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PATENT COOPERATION TREATY

From the INTERNATIONAL SEARCHING AUTHORITY

To

GEORGE LALERPA | §B€ T

GREENBERG TRAURIG, LLP
ONE VANDERBILT AVENUE
NEW YORK, NY 10017 NOTIFICATION OF TRANSMITTAL OF
THE INTERNATIONAL SEARCH REPORT AN
THE WRITTEN OPINION OF THE INTERNATIONAL

SEARCHING AUTHORITY, OR THE DECLARATION

{(PCT Rule 44.1)

i of m;siiiﬁg

wnsantiyean j ﬁN 3 :E_ 2323

Applicant’s or agent’s file reference

FOR FURTHER ACTION  Sec paragraphs | and 4 below

189808.600301
International application No. T International filing date

{devimonthiveas) . .
BCT/US 232/45131 {day/monthyyear) 29 Septembes‘ 2022 &25;(39:2{}2_.2)

3 Appiicant MOTIVE TECHNOLOGIES, INC,

i

2. D The apphiviind {8 hesshy potified tag sv &

S

The applicant is hereby notified that the international search report and the writien opinion of the International Searching
Authority have been established and are transmitted herawith.

Filing of amendments and statement under Article 1%:

The applicant is entitled, it be so wishes, to amend the clatms of the international application {sec Rule 46):

When? The time limit for filing such amendments is nosmally two months from the date of transmittal of the international
search report.

How?  Direstly to the Intemnational Bureau preferably thuough ePCT, or on paper to:
The International Burean of WIPO, 34, chemin des Colombettes, 1211 Geneva 24, Switzerland

For more detailed instructions, see the PCT Applicants Guide, International Phase, paragraphs 9.004 - 9.011

't will be esiblished and that the declasstion under

Asticle PRI rotbi offot and the wnitten gs;vmmn athe fternational Searching Anthorisy are toimsmited harewith,

. F_Q_E With regard to any protest against payment of (an) additional feefs) under Rule 40.2, the applicant is notified that:

{j the protest together with the decision thereon has been transtaiftted to the International Burean together with any request
" to forward the texts of both the profest and the decision thereon to the designated Offices.

{ no decision has been made yet on the profest; the applicant will be notified as soon as 2 decision is made.

. Reminders

The applicant may submit comments on an informal basis on the wriiten opinion of the International Searching Authority to
the International Bureau. These comments will be made available to the public after tuternational publication. The International
Bureau will send a copy of such cowmments fo all designated Oftices unless an international preliminary examination report has
been or is to be established.

Shorily after the expiration of 18 months {rom the priovily date, the international application will be pubmhed by the
Intermational Bureaw. Hthe applicant wishes to avoid or postpons publication, anotice of withdraws! of the international application,
or of the priovity clatm, must reach the Infernational Bureau before the completion of the techaical preparations for international
publication {Rules 9Gbis.} and G0Bis. 33,

Within 12 months from the priority date, but only in respect of some designated Offices, = demand {or international preliminary
examination must be filed if the dppln,smt wishes fo postpone the entvy into the national pha»e until 30 months fomw the priority
date {in some Offices even later); otherwise, the applicant myust, within 20 menths from the pricrity date, perform the prescribed
acts for entry info the national phase before those designated Offices. In respect of other designated Oﬁues the time it of
30 months {or later) will apply even if no demand is filed within 19 months. For details about the applicable ttme Hmits, Office
by Office, see www wipo.int/pot/enftexts/time limits himi and the POT Applicant 5 Giuide, National Chapters.

Within 22 months from the priority date, the applicant may request that a supplementary international search be earried out
by & different International Seacching Authority that offers this service (Rule 458451}, The procedure for requesting supplementary
internationat search is described i the PUT Appiicant s Guide, International Phase, paragraphs 8.006-8.032.

Wame and maiting address of the ISAMUS Authorized officer

Mail Stop PCT, Altnl ISAUS
Commissioner for Patents
FLO. Box 1459, stexandria, Virginis 228313-1480

Kari Rodriguez

Facsimife Mo, 571-272-8300 Telephione No. PCT Helpdesk: 571-272-4300

Form PCTASA/220 (vevised January 2026)
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PATENT COOPERATION TREATY

PCT

INTERNATIONAL SEARCH REPORY
{(PCT Asticle 18 and Rules 43 and 44)

Applicant’s or agent’s file reference ' FOR FURTHER ACTION
139308.000301 see Fonm PCT/ISA/Z20 as well as, where applicable, item 5 below.
Tntémational application No. 1 International filing date (daw/momhyear) {Barliest} Priovity Date (day/monthy/year}
POT/US 22/45131 29 September 2022 (26.08.2027) 3 G4 Qctober 2021 {04.10.2021)

Appiicant

MOTIVE TECHNOLOGIES, INC,

This interpational search report has been prepared by this International Searching Authority and is transmitted to the applicant according
{c Article 18, A copy is heing transmitted to the International Bursat,

This international search report consists of a total of 579% sheets.

l—__} Tt is also accompatiad by a copy of each prior art dosument cited in this report.

1. Basis of the report
a. With regard to the langunge, the intemational search was carried out on the basis of.
the international application in the language in which it was fled.

| atransiation ¢ the imematinmal spplicstion oy ~ which is the language of
& translation Menishiod o fhe pirposes of fnsematicnd soacd (Bl 123G} and 23.1(0)).

This international search report has been established taking into account the rectification of an sbvisus mistake authorized
by or notified to this Authority under Rule 91 (Rule 43.68is(a).

&

bl

5. l il With regard to any sucleotide xud/or amine acid sequence disclosed in the inlevpational application, see Rox No. L.

B Certain claims were found unsearchable (see Box No. H).

[

3 m Unily of tnvention is lacking (see Box MNo. IiL).

4. With regard fo the title,
the text is approved as submifted by the applicant,
B the text has been established by this Authority o read as follows:

Y5, With regard to the abstract,
the text is approved as submitted by the applicant.

the text hips been cstablished, sonsrding toRule 33, by this Asshieity as it appears di Bos No. P il spplitant may,
within ong

6. With regard to the drawings,
1

a. the fipure of the drawings to be published with the abstract is Figwre No.

as suggested by the applicant.

as selected by this Authority, because the applicant fatled fo suggest a fgure.
Em as selected by this Authority, becanse this figure better characierizes the invention.

=3 i::} none of the fgures is to be published with the abstract.

Form PCTAS A0 (Brst sheet) (July 2022)
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INTERNATIONAL SEARCH REPORT

International appuuanoﬂ No.

POTIIS 22145131

CLASSIFICATION OF SUBJECT MATTER

A
IPC - INV, BBOW 40700 (2022.01)

ADD. GO8T 7/33 (2022.01)
CPC - Ny, BOSW 40/00

ADD, GO6T 7/33, GOSD 1/021

Agcording to lnternational Pateat Llassxﬁcm@n {PC) or to both natiounal classification and IPC

B, FIELDS SEARCI D

Mintmum documentation searched (classification system followed by classification symbods}

Ses Search History document

Dncumentation searched sther than minimum documentation to the extent thaf such documents are included in the fields searchad

See Search History document

Hlectronic dats base congulted during the intemational ssarch (names of data bass and, whers practicable, search terms used)

Ses Search History documant

C. DOCUMENTS CONSIDERED TD BE REL}Z YANT

Y

O dosumentreferringtoan rmd dizclosure, use, exhibition or other mezans
P docvment published prior o the international filing date bus bater than

the priority dete claimed

Category® Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2021/0049780 A1 (FIVE A LIMITED), 18 February 2021 (18.02.2021}, entire document, 1-12, 14, 17, 19-20
- especially Abstract; para [0007], [0062], [0088], [0131], {0145}, 101509, [0180], {024C), {0291], i e
Y [03071, {0318, [0323], [0331], [0359}-{0360] 13, 15-18, 18
Y S 2018/0228266 A1 (QUALCOMM INCORPORATED], 25 July 2018 (25.07.2018), entire 13, 15-18
document, especially Abstract; para [0036]-{0037], [0048], [0070]
Y US 202170009186 A1 (UATC, LLC), 14 January 2021 (14.01.2021}, entire document, especiafly {18
Abstract; para [0034]
] i Furiher doouments are Hsted in the comtinuation of Box . { E See patent famiiy ANNEX. .
*  Spesiel categor ' ) e ional flisg daear “z*m'm
“47 wided nv\g iE; w8 rs[ state of the art which is not considered iR i i 10w desstant
o be of pms:‘ular SR o
“I¥ docuiuent cited by the applicant in the international application K docmmm af giicutar refevance; the claimed invention cannot be
oz cm\mm’“d st or cannot be considered to inviive an inventive step

when the documerd i3 taken alone

docusment of particslar refevance, the claimed
be vonsidersd to invelve 20 inventive st
combined with one or more other st
being obvious o a person skilied in t

(.- invention ¢ 3.““(.-1

g

dosument member of the same patent famiky

Frate of the actual completion of the tntermattonal search

27 December 2022 (27.12.2022)

Date of mailing of the mt&matim.ai s&arc,h repon

MName and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313~1450
Facsimile No, 571-273-8300

Authorized officer
Kari Rodriguez

Telephone No, PCT Helpdesk: 571-272-4300

Foom FIOBISA10 (second sheet) {nby
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From the
INTERNATIONAL SEARCHING AUTRORITY

- To: GEORGE ZALEPA PQT

GREENBERG TRAURIG, LLP
ONE VANDERBILT AVENUE
NEW YORK, NY 10017 WRITTEN OFINION OF THE
INTERNATIONAL SEARCHING AUTHORITY

{(PCT Rule 435is.1}

Tiate of imaikiag
{ensimanihiieanyt

Applicant’s or agent’s file reference : FOR FURTHER ACTION

188408.000301 See paragraph 2 below
International application No. International Sling date (daymouhiveas) Priority date {dap/monthiyear)
PCTIUS 22/45131 29 September 2022 (25.09.2022) 04 October 2021 (04.10.2021)

Internationat Patent Linssificatics (JPC) or both national clasgifcation and IPC
PG - INV. BeOW 40/00 {2022.01)

ADD. GOST 7/33 (2022.01)
CPC - Ny, BOSW 40/00

ADD. GOBT 7/33, 305D 1/021

Applicant MOTIVE TECHNOLOGIES, INC.

1. This opinion contains indizations relating to the following iems:
BoxNo. I Basis of the opinion
D BoxNo. I Prority
Bg Box No. [If  Non-establishment of opinion with regard to novelly, inventive step and industrial applicability
U Rox No. 1V Lack of unity of invention

7 . o o i . bt
D RoxNo V. Ressisd ssement wader Rufe 438
itations and explnsions supposing such Matement

l i Box Mo. VI Certain documsnts cited
l I Box Mo. VI Certain defeots in the fnternational application

[::} Bex No. VIIL Certain observations on the intornaiional spplication

HE) itk regard to novelty, inventive step and industrial applicability;

2. FURTHER ACTION

1o domand fir intitnaional prefiminery wmination is made, thix opition will be sansiered fo by xowritien opinfon of the
Inteeational Protiminary Bxayiving Authority {TPEAC) excapt thet this dos ot apply whars the spplivaa chovses sadahnrty
otfore ther thes omp i be i TPES sodthe chosen TREA has potitd the friternational Burdsi wider Rad 68 1Edb) it weone
opinions of this International Searching Authority wilt not be 5o considered.
15t oplatords, ss provided shovey comsidtred #0'be 2 wellidn opledon of thin IWRA, the applivant ixinvited woauhant fo B IREA
» writien reply igether, whers approprisly, with amendaents, By the sxpition of 3 months e the dete of mailing of Form.
FOTIRALZE o biftre the eupiration of 22 mowhs Som the priority date, whichever expires later.
For further options, see Form PCTASA/Z20.

Mame and mailing address of the ISA/US | Date of completion of this opinion Antborized officer

Malk Stop PCT, Atin: ISARIS iKart Rodriquez

Commissizner for Patents - N i 77 4

PO, B 145D, Alexandria, Vinginis 225131450 § 27 December 2022 (27.12.2022) PCT Help Desk

Facsimile No, 571-273-8300 3 Telephone No. 571-272-4300

From PCTASA/ZIT {cover sheet) (revised July 2022)
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WRITTEN OPINION OF THE ' Trternational apphication No.
INTERNATIONAL SEARCHING AUTHORITY

POTUS 22/45131
Box Neo. ¥ Basis of this opinion
1. With repard to the tanguage, this opinion has been established on the basis of.
the international application is the language in which it was filed.
' 4 transiation of the international application into which is the langnage of a iranslation

formished for the purposes of international search (Rutes 12.3(a) and 23.1(b}).

o by beon astablishisd taking inte account the rectification of an abvisus wistake authorized by or notified to

2. D This op : :
Hein Attty undsr Rude 81 (Rule 43540, 3(b)).
s i With regard to any nucieotide and/or amines acid scquense disclosed in the international application, this opinion has been
established on the basis of a sequence listing:
] I forming past of the infernational application as filed.
b. f ! furnished subssquent to the intermationsl filing date for the purposes of international search (Rule 13ter. 1)),

EE acourapad by 2 statement to the effect that the sequence Hsting does not go beyond the disclosure in
the snfernational application a§ filed.

4. E ' With regard fo any nucleotide and/or aming actd sequence disclosed in the Intornational application, this epinion has been
established to the extent that 3 meaningful opinion could be formed without & WIFO Standard §T.26 compliant sequence
listing,

5. Additionsl commenis:

Form POTASA3T (Box Ne. I} {revised July 2022}
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WRITTEN OPINION OF THE International applicalion No.

INTERNATIONAL SEARCHING AUTHORITY PCTIUS 2245131

Box No. ¥V Reasoned statement under Rule 438ir.1(a)(1) with regard to novelty, inventive step and industrial applicability;
citations and explanations supporting such statement

1. Statement

Novstty (N} Claims 13, 1515, 1? YES
Claims 1-12, 14, 17, 18-20 MO

Inventive step (IS) Clafms Mone YES
Claims 1-20 NO

Indusirial applicability (IA) Claims 1-20 . YES
Claims None . NG

| 2. Citations and explanations:
Claims 1-12, 44, 17 and 18-20 lack novelty under PCT Article 33{2) as being anticipatad by US 2021/0048780 A1 to FIVE Al LIMITED
{hereinafter 'Fiva').

As to claim 1, Five feaches a mathod comprising: receiving, over a network from a camera device, a video comprising a set of image
frames {"these images ars captured as frames of short video segments recorded as the vehisle 300 drives along a road,” para [ot45]),
identifying one or more lines in the video using a prediclive medel, the ane or more lines including & horizon fine (The relative orientation
of the camera can be captured as a “forward point” and “horizon line”, as defined below,” para {(190]; "Any feature in the video that is
paraliel to the path followed can benefit from the same speed up in annotation and single click addition by the human annotator...For
example, ths road markings can be annotated in this way. Both in position and type. Including centre dashed or solid lines, road adge 1
fines, double yeliow lines atc. For example, oycle lanes can be added in this way, as can pavements,” para [33231}; computing atleast ons |
camera parameter based on the one or more lines {°At run time a variant of the approach proposed by [33] was followed, predicting an
embadding per pixel. The prediction of Road was used io filter away pixels which are not likely (o be lanes,” para [036C) averaying the
one or mare fines on the video to generate an overlaid video {"The rendering component can render data of any one of the capiured
images on a display of the user interface 412, overlaid with its associated annotation data A(n),” para [0307); para [0323}); fransmitling the
overiaid viden io an annctator device for manual review ("Any feature in the video that is paraliel to the path followed can benefit from the
same speed up in annotation and single click addition by the human annotator...For example, the rmad markings can be annctated in this
way. Both in position and type. Including cenire dashed or solid lines, road edge fines, double yeliow lines ets. For example, cycle lanes
can be added in this way, as can pavements,” para [0323]); receiving a confirmation from the annctator device, the confirmation indicating
that the one or more lines are accurate ("The user can then cycle through the following images, quickly verifying that everything still
rmaiches up,” para [0316}; "Another benefit of this technique is that the human can choose to annotate an object in an image in the video
when the camera is ciose to it {i.e. when the object is large). This accurate annotation is then propagated to all images even when the
object is small within the image...Since there is a 20 model underlying the whole sequence of images in the video, then annotations
automatically ganerated when the object is more distant from the camera will have the accuracy of annotation when the object was large
and annotated by a human. This can often be more ascurate than could be achieved by a human trying to annotate the small image of tha
ohject, para [0331)); and transmitting data representing the at least one camera parametar to the camera device {"a rendering compenent
configured to render at least one of the images and its two~dimensional image annotation data via a user interface; and & model
adaptation component configured to adapt the three-dimensional structure moded according to instructions received via the user interface,
wherain the annotation component is configured to modify the two-dimensional image annotation data for sach of the caplured images
based on the adapted three-dimensional struclure model,” para [0062]).

As to ciaim 2, Five teaches the method of claim 1, wherein the one or mors fines includes at least ons lane line of a readway ("The
modeling component may be configured fo assign one of the following labels to the expected paraliel structure: a road label, a fane fabel,
" a nen-drivable Isbel, an ego lane label, a non-ego fane label, a cycle or bus lane label, a paraliel road marking or boundary label,” para

L [0085]).

As to ciaim 3, Five teaches the method of claim 1, wherein computing the at least one camers parameter comprises pradicting the at least
one camera parameater using the predictive mode! {"At run time a variant of the approach proposed by [33] was followed, predicting an
embedding per pixel. The prediction of Road was usad to filter away pixels which are not likaly to be lanes,” para [0383]).

As 1o olaim 4, Five teaches the method of claim 1, wherein computing the at least one camera parameter comprises predicting the at least |
one camera parameter using a second predictive made! ("a model was trained based on {33}, adopting thelr approach of learning per pixel |
embeddings whose value is optimised such that pixels within the same training instance are given similar embeddings, while the mean ‘
smbedding of separate instances are simuitaneocusly pushed apart. A cost function which learns such pixel embeddings can be written
down exactly and is presented in Equations 1-4 of [33]. For comparison, the the same hyper parameters reporied in that work wers used.
This loss was imposed as an exira output of @ RoadiNon-Road Seghet model trained alongside the segmentation task from scrateft...At
run time a variant of the approach proposed by [33] was followed, predicting an embedding per pixel. The prediction of Road was used to
filter away pixels which are not likely to be lanes, Pixals were then uniformly sampled In the road area and their embeddings were
clustered using the Mean Shift [37] algorithr, ideniifving the centres of the detected lane instances. Finally, af pixels in the road area are
assigned to a single lane instance using the Euclidean distance,” para [0358}-{03600).

{PLEASE SEE SUPPLEMENTAL BOX)

Form PCT/SA237 (Box Ne. V) {revised July 2022)
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WRITTEN OPINION OF THE Internationat application No.

INTERNATIONAL SEARCHING AUTHORITY POTIUS 22/45134

Supplemental Box

In case the space in any of the preceding boxes is not sufficient.
Continuation of: :
Box V.2 - Citations and explanations:

As to claim 5, Five teaches the method of claim 1, wherein the at least one camera parameter comprises a camera height and road plang
normat ("FIG. 27 shows the principles of the estimation of the iane border points bi left, bi right at frame 1. cf is the camera position at frams
i {obtained via Siv), Tis the forward direction and n is the normal vector of the road plane (both relative to the camera orientation), h is the
height of the camera above the road, ris the horizontal vector across the lans and wi feft, wi right are the distances to the leit and right ego
-fane borders,” para [0150]).

As to claim 6, Five teaches the method of claim 1, further comprising: receiving, over the network from the camera device, a second video
comprising a second set of images ("FIG. 17 shows an image of a SLAM reconstruction of camera positions maoving through a peint cloud
woild, where there are two sets of camera imagss,” para [0281}); transmitting the second video to the annotator device for manual review
 {(para [(1323]); adding, by the annotator device, one or more fings to the second video o generaie a second overlaid video {para [0307],
 {0323)); predicting, using the one or more lines in the sscond overlaid video, at least one camera parameter {para [0180], [03231}; and
transmitting the at least one camera parameter to the annotator device {para [0082]).

As to claim 7, Five teaches the method of claim &, furthar comprising: receliving a second confirmation from the annotator device, the
second confirmation indicating that the at least one camera parameier are accurate (para [0318], 0331]); and transmitling data
representing the one or more fines of the second video 1o the camera davice (para [0062], [0323]).

As ta claim 8, Five teaches a mathod comprising: receiving a video, the video comprising one or mors image frames {para [0145])
generating a set of intermediate featurss representing the video using & backbone network ("The detection component 102 takes as an
input image data of a street scene imags, labelled |, and gensrates an outpul y(i) where y is a function defined by a set of model
parameters of the detection component 102. This can be in the form of a fedture vector derived from the image, which can be formed of
rea or transformed pixel values for example,” para [0131]; "By identifying distinctive reference features that appear within the
irmages——sich as those fabslied F1 and F2—and matching them up across the images, triangulation can then be used to construct a 3D
model of those features, as Hiustrated in the lower part of FIG. 7, para [02401); inputting the set of intermediate features info 2 Jane or
horizon prediction head, the lane or horizon prediction head comprising a neural network (para {0120}, [0323]}; predicting a horizon line
using the lane or horizon prediction head, the horizon line comprising a set of horizon markers {para [0180], [U323]); and using the horizon
line to compute at least one camera parameter {(para [0180], [0380}).

As to claim 9, Five teaches the mathod of claim 8, the bacikbone network comprising at jeast one convolutional layer ("Such images can for
example be used to prepare a vary large iraining set of annotated road images suitable for training a convolutionat neural network {CNN)
or other state-of-the-art machine leaming (ML) structure defection component,” para [SO07]).

As to claim 10, Five teaches the method of claim 8, wherein the at least one camera parsmeter comprises one of a camera height, camera g
angie, and road plane normal {para [(150}).

As to claim 11, Five teaches the method of claim 8, further comprising predicting, using the lane or horizon prediction head, at least one
Hane line, the al least one lane fine comprising a set of lane fine markers {para [0068]).

As to claim 12, Five teaches the method of claim 11, wherein generating a plurafity of fane key points comprises generating a plurality of
iane key points for two lane lines on a roadway ("In order generate the Jane position and project it back inte each image, 35 indicated
above the following need to be known or deduced," para [0228)]).

As to claim 14, Five teaches the method of claim 8, wherein the lane or horizon prediction head comprises at least one convolutionat layer
{para [00CT]).

As to chaim 17, Five teaches a method comprising: receiving a vidso, the video comprising one o more image frames {para [0145]);
generating a sat of intermadiate features repregenting the video using & backbone network {para [0131], [02401); inputling the set of
intermediate features info a camera parametsr @stifhation head, the camera parameter estimation head comprising a neural network (para
[0160], [0323)); and predicting at least one camera parameter using the camera paramster estimation head, the camera parameter
estimation head trained using an output of the backbone network and an cutput of a fane and horizon line prediction head {para [0180],
032371

As to claim 19, Five teaches the meathod of claim 17, further comprising predicling a horizon line using the lane and horizon line pradiction
head, the lane and horizon line prediction head comprising 2 neural network configured ta receive the set of intermediate features as an
input {para [0190}, 10323)).

As to claim 20, Five teaches the mathod of claim 17, whersin the camera parameter estimation head comprises at least one convolutional
fayer (para {00071

{PLEASE SEE NEXT SUPPLEMENTAL BOX)

Form PCT/ISA/23T {Supplemental Box) (revised July 2022}
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INTERNATIONAL SEARCHING AUTHORITY POTAUS 22145131

Supplemental Box

In case the space in any of the preceding boxes is not sufficient.
Continuation of
Box V.2 - Cilations and explanations:

Claims 13, 15-16 lack an inventive step under PCT Article 33{3} as being obvious over Five in view of US 2019/0228268 Al to
QUALCOMM INCORPORATED (hereinafter ‘Qualcomm’).

Sato S 1Y, Pive tearhes the melthod of deir 8, but ails 1o explichly teach such & Muthad Yurthey compriging dalaling & movemdnt ol -
% camens st iptuted he vidsoand rednitialiving the stisest ot compraparameter in responss. Howevr, Qualooien aches sutha

| esnised Rvifey comprising Hetecting & moverment of ¢ camans that capturad fhe video and renifislixing the atiesst one caniats paranius
§# estionss Ol ahieot Rackes tay 1o dis o vattuy seitni, suctt 55, for sxample, unstable fighling, sreatic muvament by fage;
moverent of & beoking samera, dubiay in e freme, an aechusion of the larget. Failure tagy couse the siject ks to suarch an
{sporrect tagion. The fallure may be propagated over time such that if an phjsdt is lostat afame t, the lregkey imay nol ind the objectina

subsssunnt frame t41, as well as a later frame t+n. That is, based on an #itis! fracking Sllucs, the objert bachar may lose iwack of the
tac, I conventional systums, 3 suhstetial pefod of Hms may pass bebwsen s laikra thny Shd 2 tuliues datention ime. Bécuise 8

s Hal pesiad of Sme say. lépse befure Rroblent fracker attvecs T the infifal iracking fatiure, s desialie @ wdice anamuunt
of fime Sor detmining & trioking folurs. Sspests of the prisent dlgelosurs s dirscied t delecting o taciing fallure and fitafiangrs
recovary mode in regrnse loths deticted failire. Tha recovery rordimay te-nitialixe thie taegt and the sesrch regions pare (0038}
[00BTE b wonid hava heen obvicus fvone of ardinary skiffin e 81 e soabirs the natet netiverk feaius deteoiing sealam of Five with
the supnert for rednittalizing a vamare of Qualvammy becsuss such systems and methods allow forsecavaring from fracking errors causad
by repositioned cameras (Qualcomm: para [0036)-0037]). Furthermare, both Five and Qualcomm am direvied to systems and methads for
neural network image analysis.

As to claim 15, Five teaches the method of claim 14, but fails fo explicitly teach such & method whersil e fawy te hortzan prediction head
further comprises at least one fully connactad layer recelving an oufput of the convolutional fayer. Howsvar, Cuateorne isches such a
method wherain the fane or horlzon prediction head further comprises at least one fully connacted layer receiving an output of the
convolutional layer {"the connections between layers of a neural networkmay e fully connected 502 or locally connesied 504," para
ORAST Bwtula havs bgat obvious it one-of nedinery skiltin theartto sambine-the neural network feature detection gySstem of Five with
e supael for Aaheconmniad Rydes ol Ouateawiyr, Beoalse such sysiems and methads alfow for providing multiple types o connected
tayses in 3 pevrad aetwod (Custeomn paes JODARY. Fushemmors, both Five and Qualones are directed fo systems and matheds for
neural network image analysis.

ARG 18, Fie traches the mothed of oisim 14, hutisils e ngicily loach such s method whare the lavie o el pradintion head
Rither compitizes & kuyer selacled from g group sonsietiag of A vecurrent netissl netiwovk fyer fony shorkderns memerny layer snd gated
recursnt unit feyer. Howiver, Qualcor taaches such @ rsthod wisrein the fang or hinrksan prediction head fusther comptisas = fayer
selecdesd from M group consleting of e recurradt neurs ressueh layer, hang shorbldem mamuey laver, and et recurrent uni fayer (The
fatlore detectinn network S04 mey bea trsinad binary classifies In this sonfiguration, teged on the redeluad fealtire maps, i fallwe
detection network 904 ditermines whether tracking has failed. That is, the fSilore dessdiion nebyii 804 may classlly e bdoking 25 falled
or successful, In one cufighuration, the failure detection network 804 is 2 convolktionst resiral nedwork, such a5 »shaliow sonveldional
"neural network. In anolher embodiment, the failure detection network 804 is 2 recurrent convolutional neural netwark,” para oo7on. it
would have been cbvicus to one of ordinary skiff in the art to combine the neural network fealure defection system of Five with the support
for recurrent layers of Qualcomm, because such systems and methods aliow for providing multiple types of neural networks (Qualcomm:

para [0070]). Furtharmors, both Five and Qualcomm are direcled to systems and methods for neural network image snalysis.

Claim 18 lacks an inventive step under PCT Article 33(3} as being obvious over Five in view of US 2021/0008166 At to UATC, LLC
{hereinafter 'UATC ).

A b it 19, Bive teanhiss the msthod of il 17, bt falls 1o sxglicifly tesch such a mathod wWhafein e backbone nebadrk, camera
piavarater Sstomaling Dadd, fane and hegzos e predistion hasd sre krained using 8 joint foss function, the joint foss funclion aggregating
o fsson of e dane and hotizon fing prdlition head ard e newrdl netord, Hovaver, UATC jeaches such a method wharsin the
backbans natwck, cxmens parasieter atimation hesd, fare and hodzon ling pretiivlien head are rained using » inint lowy Rumction, tha

odntfnss unolion aggragating the insses of e lans end nerizon s predicBon head and the nauns] netvsk Ustrorg can B saquentislly
Baelepropsaied Sidugh cach of the olifsct detection misdel, the Interection mudel, wiid the rmiuyent siidel 1 svaluate  joint loss:

 finclion, A gradin of e ol foss Sunclidn san e coloulated 10 wdjust the parsimzter(s) to regdusathe joint loss Tunlivs 1o jointly train the
modais,” giars (00343 Jtwould have been obidnus 1 e of ordinary skill in thevart to combies e preural network fagture detection system
ot Fies with e supoort for Joint toss functions of UATE, because such systemns and methods allow for caltulation 2 joint loss to help refine
2 neural nebwork (ATS: pang [00341). Fustheeenss, bath Five and UATG are directed to systems and pigthads for neural network imags
analysis.

Claims 1-20 have industrial applicability as defined by PCT Article 33(4) because the subject matler can be made or used in industry.
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ABSTRACT

Disclosed are methods, devices, and computer-readable media for detecting lanes and objects in
image frames of a monocular camera. In one embodiment, a method is disclosed comprising
receiving a plurality of images; identifying a horizon in the plurality of images by inputting the
plurality of images into a deep learning (DL) model (either stored on a local device or via a network
call); determining one or more camera parameters based on the horizon; and storing or using the

camera parameters to initialize a camera.
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CAMERA CALIBRATION FOR LANE DETECTION AND DISTANCE ESTIMATION
USING SINGLE-VIEW GEOMETRY AND DEEP LEARNING

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application is a continuation of, and claims the benefit of, U.S. Appl. No.
17/493,011, filed Oct. 4, 2021 and incorporated by reference in its entirety.

BACKGROUND

[0002] The disclosed embodiments relate to automotive systems and to machine learning

systems for analyzing sensor data in such systems.

[0003] Multiple cameras or sensors may be installed in a vehicle to detect objects. However,
the use of multiple cameras may be expensive. Sensors such as Radar and Lidar may also be used
as proximity sensors, but such sensors may also be costly. In addition, a built-in monocular camera
may be used to detect the relative distance to proximate objects; however, this may require the

location of the camera to be predefined or preset.
BRIEF SUMMARY

[0004] The present disclosure relates to using a monocular camera (e.g., an image sensor) that
may be retrofitted and adjustable within the vehicle such as, the vehicle’s dashboard. Upon driving,
the camera initializes itself to determine its height with respect to the ground as well as a road
plane normal. Thus, the camera may be installed in various positions and later re-initialized or

recalibrated as needed.

[0005] The example embodiments are directed towards initializing such a camera onboard a
vehicle. In the various embodiments, parameters can include the height of the camera, the viewing
angle of the camera relative to the roadway, and a ground or road plane normal vector. Various
embodiments are illustrated for performing this initialization which can then be used by

downstream processes such as distance estimation or lane boundary detection.

[0006] In a first embodiment, a network-based initialization system is disclosed. In this

embodiment, a server-side system receives a video comprising a set of image frames and identifies
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one or more lines in the video using a predictive model (e.g., a convolutional neural network). In
one embodiment, the lines can include a horizon line. After identifying the horizon line, the system
computes some camera parameters (e.g., height, viewing angle, road plane normal, etc.) based on
the horizon line. The system then overlays the computed horizon line on the video and transmits
it to an annotator device for manual review. In response, the annotator device can transmit a
confirmation indicating the horizon line was accurate. In some embodiments, the annotator device
can reject the horizon line and manually add the horizon line. Once the horizon line is confirmed,

the system returns the camera parameters to the calling party (e.g., a camera onboard a vehicle).

[0007] In a second embodiment, an on-vehicle neural network is disclosed. In this
embodiment, a camera records a video comprising one or more image frames. A backbone network
generates a set of intermediate features representing the video. The intermediate features are then
input into a lane or horizon prediction head (e.g., a neural network). The lane or horizon prediction
head can then predict a horizon line using the lane or horizon prediction head, the horizon line
comprising a set of horizon markers. Finally, the on-vehicle device can compute a camera
parameter (e.g., height, viewing angle, road plane normal, etc.) based on the horizon line and lane

key points.

[0008] In a third embodiment, an on-vehicle neural network is disclosed. In this embodiment,
a camera records a video comprising one or more image frames. A backbone network generates a
set of intermediate features representing the video. The intermediate features are then input into a
camera parameter estimation head (e.g., a neural network). The on-vehicle device can then predict
camera parameters using the output of the camera parameter estimation head, the camera
parameter estimation head trained using an output of the backbone network, and an output of a

lane and horizon line prediction head.
[0009] Various further embodiments are disclosed in the following description.
BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 is a block diagram of a vehicle according to some embodiments of the

disclosure.

0035



Docket No. 189908-000302/US
Non-Provisional Patent

[0011] FIG. 2 is an interaction diagram illustrating a method for initializing a camera

according to some embodiments.

[0012] FIG. 3A is a block diagram illustrating a neural network for predicting lane and horizon

lines according to some embodiments.

[0013] FIG. 3B is a block diagram illustrating a neural network for predicting lane and horizon

lines and camera parameters according to some embodiments.

[0014] FIG. 3C is an illustration of the output of the neural networks of FIGS. 3A and 3B,

according to some embodiments.

[0015] FIG. 4A is a flow diagram illustrating a method for training the neural network of FIG.

3A according to some embodiments.

[0016] FIG. 4B is a flow diagram illustrating a method for training the neural network of FIG.

3B according to some embodiments.

[0017] FIG. 5A is a flow diagram illustrating a method for predicting lane and horizon lines

using the neural network of FIG. 3A according to some embodiments.

[0018] FIG. 5B is a flow diagram illustrating a method for predicting lane and horizon lines

and camera parameters using the neural network of FIG. 3B according to some embodiments.

[0019] FIG. 6 is a flow diagram illustrating a method for detecting lane markers on a roadway

and determining distances to objects according to some embodiments.

[0020] FIG. 7 is a flow diagram illustrating a method for initializing a camera installed in a

vehicle according to some embodiments.

[0021] FIG. 8 is a block diagram illustrating a computing device showing an example

embodiment of a computing device used in the various embodiments.
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DETAILED DESCRIPTION

[0022] FIG. 1 is a block diagram of a vehicle according to some embodiments of the

disclosure.

[0023] The system illustrated in FIG. 1 may be installed entirely within a vehicle. In some
embodiments, some components may comprise existing autonomous vehicle subsystems,
although, in some embodiments, autonomous vehicle subsystems are optional. Thus, the vehicle
in FIG. 1 may comprise either an autonomous, semi-autonomous, or non-autonomous vehicle.
Descriptions made herein are primarily described with respect to autonomous vehicles; however,

this is not intended to be limiting.

[0024] In the illustrated embodiment, the system includes an autonomous vehicle subsystem
102 or Advanced Driver Assistance System (ADAS). In an embodiment, autonomous vehicle
subsystem 102 includes map database 102A, radar devices 102B, Lidar devices 102C, digital
cameras 102D, sonar devices 102E, global positioning system (GPS) receivers 102F, and inertial
measurement unit (IMU) devices 102G. Each of the components of autonomous vehicle subsystem
102 comprises standard components provided in most current autonomous vehicles or ADAS. In
an embodiment, map database 102A stores a plurality of high-definition three-dimensional maps
used for routing and navigation. Radar devices 102B, Lidar devices 102C, digital cameras 102D,
sonar devices 102E, GPS receivers 102F, and IMU devices 102G may comprise various respective
devices installed at various positions throughout the autonomous vehicle as known in the art. For
example, these devices may be installed along the perimeter of an autonomous vehicle to provide
location awareness, collision avoidance, and another standard autonomous vehicle or ADAS
functionality. As discussed, in some embodiments, the autonomous vehicle subsystem 102 may be
optional or limited such as any form of an ADAS. For example, a non-autonomous vehicle may
only include one camera device, such as a dash-mounted camera device. In this embodiment, the

camera may be included in the sensors 106D.

[0025] Vehicular subsystem 106 is additionally included within the system. Vehicular
subsystem 106 includes various anti-lock braking system (ABS) devices 106A, engine control unit
(ECU) devices 106B, transmission control unit (TCU) devices 106C, and various other sensors

106D such as heat/humidity sensors, emissions sensors, etc. These components may be utilized to

4
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control the operation of the vehicle. In some embodiments, these components perform operations
in response to the streaming data generated by autonomous vehicle subsystem 102. The standard
autonomous vehicle interactions between autonomous vehicle subsystem 102 and vehicular

subsystem 106 are generally known in the art and are not described in detail herein.

[0026] The processing side of the system includes one or more processors 110, short-term
memory 112, a radio frequency (RF) system 114, graphics processing units (GPUs) 116, long-term

storage 118, and one or more interfaces 120.

[0027] One or more processors 110 may comprise central processing units, field-
programmable gate array (FPGA) devices, or any range of processing devices needed to support
the operations of the autonomous vehicle. Memory 112 comprises dynamic random-access
memory (DRAM) or other suitable volatile memory for the temporary storage of data required by
processors 110. RF system 114 may comprise a cellular transceiver and/or satellite transceiver.
Long-term storage 118 may comprise one or more high-capacity solid-state drives (SSDs). In
general, long-term storage 118 may be utilized to store, for example, high-definition maps, routing
data, and any other data requiring permanent or semi-permanent storage. GPUs 116 may comprise
one or more high throughput GPU, vector processing unit (VPU), and/or tensor processing unit
(TPU) devices for processing data received from autonomous vehicle subsystem 102. Finally,
interfaces 120 may comprise various display units positioned within the autonomous vehicle (e.g.,

an in-dash screen).

[0028] Each of the devices is connected via a bus 108. In an embodiment, bus 108 may
comprise a controller area network (CAN) bus. In some embodiments, other bus types may be
used (e.g., a FlexRay or Media Oriented Systems Transport, MOST, bus). Additionally, each
subsystem may include one or more additional busses to handle internal subsystem
communications (e.g., Local Interconnect Network, LIN, busses for lower bandwidth

communications),

[0029] The system additionally includes a lane and distance subsystem 104, which performs
the operations required by the methods illustrated in the following figures. The lane and distance
subsystem 104 includes a distance estimation subunit 104A that can determine the distance

between the system and other objects. The lane and distance subsystem 104 additionally includes

5
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a lane detection subunit 104B that can detect lanes (including unmarked lanes) on a roadway the
vehicle is operating on. The lane and distance subsystem 104 additionally includes a vehicle
detection subunit 104C that can detect vehicles within image frames of a roadway the vehicle is

operating on, as described in more detail herein..

[0030] In some embodiments, the lane and distance subsystem 104 may be an after-market
device installed in a non-autonomous vehicle system. In other embodiments, the lane and distance
subsystem 104 can be integrated into an autonomous vehicle’s or ADAS processing units. Details
of distance estimation subunit 104A, lane detection subunit 104B, and vehicle detection subunit
104C (and their operations) are further described herein. The lane and distance subsystem 104
additionally includes a camera initialization subunit 104D. In an embodiment, camera initialization
subunit 104D can initialize a camera upon startup or upon detecting a movement or repositioning
of the camera. In some embodiments, the camera initialization subunit 104D can communicate
with a remote system (illustrated in FIG. 2) to initialize a camera with one or more camera
parameters (e.g., camera height, camera viewing angle, and road plane normal). In other
embodiments, the camera initialization subunit 104D can store one or more predictive models (e.g.,
as depicted in FIGS. 3A and 3B) to generate camera parameters locally. In some embodiments, a
combination of approaches can be employed. For example, the camera initialization subunit 104D
can locally predict camera parameters and then confirm these parameters with a remote system.
Alternatively, in an embodiment, the camera initialization subunit 104D can predict a horizon line
and transmit the horizon line along with lane key points to a remote system to determine camera

parameters.

[0031] As will be discussed in more detail, some embodiments of the disclosure are related to
lane detection in the above vehicular system. The disclosed embodiments generalize lane boundary
(line or curve) detection on a rather small dataset as compared to lane region analysis which
requires larger data sets. The disclosed embodiments utilize a convolutional neural network (CNN)
to predict lane boundary and horizon markers directly instead of sampling them from segmentation
maps. The CNN output is then passed through a post-processing pipeline to fit lines to the predicted
markers generated by the CNN and to initialize lane width. At inference, if the disclosed
embodiments fit two lane boundaries (e.g., lines or curves) to the detected markers jointly using

the initialized lane width within a reasonable tolerance (e.g., 30%) and parallelism, the disclosed
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embodiments may then predict any missing lane boundaries and handle multiple predictions
through weighted averaging. The disclosed embodiments greatly improve the lane detection

accuracy when compared to existing systems.

[0032] FIG. 2 is a swim lane diagram illustrating a method for initializing a camera according

to some embodiments.

[0033] In process 202, a device 230 (e.g., a camera and processor installed in a vehicle)
captures a video, represented as, for example, a set of one or more images. In an embodiment,
process 202 can include capturing a sequence of frames. In an embodiment, the device 230 can
trigger process 202 when a vehicle equipped with the device 230 is in a preferred location, such as
traveling on a highway. In such an embodiment, process 202 can comprise determining the
location of a vehicle and confirming that the location is near a highway or other predefined location
type. In an embodiment, the device 230 can implement process 202 as a state machine executing
on the device 230 that continuously monitors for a special event. Examples of special events
include driving over a preset speed (e.g., 35 miles per hour) for a preset duration (e.g., sixty
seconds). Once this special event is detected, process 202 can then begin capturing images for a
preset duration (e.g., thirty or sixty seconds). In an embodiment, process 202 can additionally
confirm a road type (e.g., determining if the vehicle is on a highway or two-lane road) before

recording images.

[0034] Once process 202 records a video of the preset duration, it transmits a camera
initialization event to a camera initialization service 232 in transmission 204. In the illustrated
embodiment, the camera initialization service 232 can comprise a remote computing device
executing the camera initialization service 232. For example, the camera initialization service 232

can comprise an application running on a remote server.

[0035] In process 206, the camera initialization service 232 receives the video transmitted in
transmission 204. In an embodiment, the camera initialization service 232 can comprise a remote
endpoint configured to receive network requests and process the request body (i.e., the video). In
an embodiment, the camera initialization service 232 detects lane and horizon lines in the video
using a predictive model, such as a deep learning or other Al model. In an embodiment, process

206 can comprise inputting the video into a predictive model, such as a CNN or other type of deep

7
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learning model to identify lane and horizon markers in a given video file automatically. Details of
this type of predictive model are provided in the description of FIG. 6 and are not repeated herein.
Additionally, examples of such models are provided in FIGS. 3A and 3B. In general, the model

can output a set of lane and horizon lines identified by key points or markers.

[0036] In one embodiment, if process 206 can detect at least two lanes (e.g., identified by
three independent lane lines), process 206 can further include computing camera parameters for
the device 230 that recorded the video. Further detail on computing camera properties based on
detected lane lines is provided in commonly-owned Appl. No. 17/173,950, filed Feb. 11, 2021,
and incorporated by reference in its entirety. As one example, process 206 can predict the camera

height, viewing angle, and road plane normal.

[0037] In an embodiment, process 206 overlays the computed lane and horizon lines on the
original video file, generating an overlaid video file. An example of such an overlaid video file is
provided in FIG. 3C. In some embodiments, the overlaying of lane lines can be optional. In another
embodiment, process 206 can only overlay a horizon on the original video file as part of generating
an overlaid video file. Process 206 can then transmit this overlaid video file to an annotator device

234 in transmission 208.

[0038] In an embodiment, if the camera initialization service 232 fails to estimate lane or
horizon lines and thus does not compute camera parameters, the camera initialization service 232
can bypass generating an overlaid video file. In such a scenario, the camera initialization service
232 can transmit the original video file in transmission 208 to enable the annotator device 234 so

that the annotator device 234 can add lane markings manually, as will be discussed.

[0039] In an embodiment, the annotator device 234 can comprise a workstation or web-based
application allowing for human review of automatically detected horizon and lane lines. When the
annotator device 234 receives an overlaid video file, process 210 presents the overlaid video file
to the human annotator. The process 210 then requests that the human annotator confirm the lane
lines (if present) and horizon in the overlaid video file. If the annotator confirms the overlaid lines,
the annotator can accept the lines and transmit its acceptance back to the camera initialization
service 232 in transmission 222. In response, the camera initialization service 232 can then

transmit the generated camera parameters back to the device 230 in transmission 224. As described
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in, for example, FIG. 6, the device 230 can then use these parameters to perform lane detection

and distance estimation, respectively, while a camera is in motion.

[0040] As discussed, if the annotator device 234 receives the original video file and not an
overlaid video file, the annotator device 234 may manually mark lane markers and thus lane lines
using an annotation interface allowing for graphical entry of lane markers and (optionally)
horizons on the images in the original video file. For example, the annotator interface may allow
for manual drawing of lines (e.g., via straight lines or Bezier curves) overlaid on an image in a
video file. These manual entries can then be converted into lane lines of the same format output
by the deep learning model of the camera initialization service 232. In an embodiment, if the
annotator device 234 received an overlaid video file but determines that the overlaid lane lines or
horizon is not accurate, the human annotator can manually annotate the lane lines and bypass the
transmission 222. Thus, if the annotator device 234 receives an original video or receives an
incorrectly labeled overlaid video file, the human annotator will manually add a horizon line and/or

lane lines in process 210.

[0041] In the illustrated embodiment, if process 210 transmits an acceptance in transmission
222, the method ends after transmission 224. However, if process 210 determines that no lane lines
were added by process 206 or that the added lane lines were inaccurate, the human annotator
manually adds such lines, generating a second, manually overlaid video file, and transmits the

manually overlaid video file to the initialization service 236 in transmission 212.

[0042] In the illustrated embodiment, the initialization service 236 executes a process 214 in
response to a video file and lane line markers. In an embodiment, process 214 can comprise a deep
learning or AI model that predicts camera parameters (e.g., height, IPM, etc.) based on such input
data. Certainly, in some embodiments, camera initialization service 232 may employ dual models:
one predicting lane lines and one predicting camera parameters based on lane lines. In such an
embodiment, the initialization service 236 can reuse the model for predicting camera parameters.
In some embodiments, these two models may comprise heads of a multi-headed model sharing a

common backbone neural network. Details of such models are provided in FIGS. 3A and 3B.

[0043] After processing, process 214 returns a computed horizon line and camera parameters

to the annotator device 234 in transmission 216. In one embodiment, the data in transmission 216
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can comprise an overlaid video similar or identical to that transmitted in transmission 208. In
response, the annotator device 234 performs process 218, which can be similar or identical to that
of process 210. Specifically, the manually overlaid video file is reviewed by human reviewers to
confirm the horizon line and/or camera parameters. If the annotator rejects the predicted horizon
line and/or camera parameters, the annotator device 234 can request a new video capture by the
device 230 by requesting one in transmission 220. Alternatively, if the annotator confirms that the
horizon and/or camera parameters are accurate, the annotator device 234 can transmit the camera
parameters to the camera initialization service 232 in transmission 226. The camera initialization
service 232 can receive the camera parameters and, in some embodiments, can store the camera
parameters as training data to improve the deep learning model. Further, the camera initialization

service 232 can return the accepted camera parameters to the device 230 in transmission 228.

[0044] FIG. 3A is a block diagram illustrating a neural network for predicting lane and horizon

lines according to some embodiments.

[0045] Systems can use the illustrated neural network in some embodiments instead of a
geometric process to determine lane and horizon lines. Specifically, given an input image 302 (e.g.,
a video frame), a backbone network 304 can convolve the input image 302 to generate a set of
intermediate features (not illustrated). The backbone network 304 feeds these intermediate features
into a lane-horizon marking head 306, which outputs a plurality of key points 308 representing

both the lane lines in the input image 302 as well as a horizon line in the input image 302.

[0046] In an embodiment, the lane-horizon marking head 306 can comprise a CNN configured
to process images and output a sequence of points representing the horizon and/or lane lines. For
example, in some embodiments, lane-horizon marking head 306 can be a fully convolutional
network (FCN) that includes a plurality of convolutional blocks where each block can include one
or more convolution, batch normalization, activation and up-sampling layers. In some
embodiments, FCN can also be a network comprising, or based on, Unet, DeepLab, PSPNet,
SCNN or EnetSAD architectures. In some embodiments, FCN can include a neck module that
further processes backbone features to detect markers on fine-grain scale. The neck module can
have one or more feature pyramid network (FPN), spatial pyramid pooling (SPP), recurrent neural

network (RNN) or long short-term memory (LSTM) layers to take advantage of contextual
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information. In an embodiment, the lane-horizon marking head 306 can be a transformer network.
In some embodiment, the lane-horizon marking head 306 can further include a plurality of fully
connected layers (e.g., dense layers) with optional dropout layers that output predicted lane or

horizon markers.

[0047] In some embodiments, the lane-horizon marking head 306 can comprise a combined
deep learning network that predicts both horizon and lane lines. In another embodiment, lane-
horizon marking head 306 can comprise two separate prediction heads (e.g., deep learning
models). In such an embodiment, the losses of the two separate prediction heads can be combined

as a joint loss function when backpropagating.

[0048] FIG. 3C illustrates the predicted lane/horizon lines overlaid on top of an input image.
As illustrated, the neural network predicts both horizon line 314 and multiple lane lines (e.g., lane

line 316, lane line 318, and lane line 320).

[0049] In some embodiments, the backbone network 304 can comprise an EfficientNet
backbone network. For example, in some embodiments, the backbone network 304 can comprise
an EfficientNet or EfficientNet-lite backbone. In an embodiment, the backbone network 304 can
further comprise a plurality of convolutional layers followed by one or more LSTM layers. In
some embodiments, a max-pooling layer can be inserted between the convolutional layers and the
LSTM layers. In some embodiments, a fully connected layer can be placed after the LSTM layers
to process the outputs of the LSTM layers. Alternatively, or in conjunction with the foregoing, the
intermediate network can comprise an RNN. In other embodiments, the intermediate network can
be implemented using Gated Recurrent Unit (GRU), bidirectional GRU, or transformer layers
(versus LSTM or RNN layers).

[0050] In an embodiment, the neural network is trained to predict lane and horizon key points
308. During testing, image frames are fitted with lane lines and horizon lanes based on estimated
key points. As described, in some embodiments, human annotators can be used to perform this
fitting, as described in the description of FIG. 2. In other embodiments, a geometric process can
be performed to identify lane and horizon lines. As discussed in previous figures, once the horizon

line is determined, downstream processes can use the horizon line to determine the height of a
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camera and its viewing angle (i.e., road plane normal) with respect to the ground. Further, from

these, downstream processes can determine the road-plane normal vector.

[0051] In some embodiments, by using a neural network, a camera device equipped with the
neural network can more rapidly estimate a horizon line using a lightweight model locally installed
on the camera device. As such, if the camera device is moved (either intentionally or
unintentionally), the camera can automatically re-estimate the horizon lines and re-compute the
camera parameters. In some embodiments, Kalman filtering can be employed to temporally

smooth image and/or horizon/lane key points over time.

[0052] In some embodiments, the neural network can be employed in combination with the
process depicted in FIG. 2. Specifically, the processing in FIG. 2 utilizes a remote computing
system to annotate horizon and lane lines, and in some cases, manually adding lane markers. In
some embodiments, a vehicular system can use the system of FIG. 3A and “fallback™ to the
procedure described in FIG. 2 in the event that the key points 308 cannot be accurately predicted
using the system of FIG. 3A. In some embodiments, the model of FIG. 3A can provide advantages
over the offline process of FIG. 2. For example, the use of the neural network can relax constraints
that the vehicle needs to be driving on a highway having three or more lane lines. Indeed, just two
lane-lines with a known lane-width would be sufficient for camera initialization. That is, since the
model is capable of predicting the horizon line directly, previous requirements of having three lane
lines in frame (e.g., to geometrically calculate a horizon line) can be relaxed. Additionally, the
neural network can be configured to run directly on in-vehicle devices and does not require a
cloud-based service initiation or annotator review. Further, since the camera itself can detect (or

be informed of) movements, recalibration can be done on an as-needed basis.

[0053] FIG. 3B is a block diagram illustrating a neural network for predicting lane and horizon

lines and camera parameters according to some embodiments.

[0054] In the illustrated embodiment, various elements have previously been discussed, such
as input image 302, backbone network 304, lane-horizon marking head 306, and key points 308.
The discussion of these components is not repeated herein but is incorporated by reference in its

entirety.
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[0055] In the illustrated embodiment, in addition to the component of the model of FIG. 3A, a
separate camera parameter prediction head 310 that outputs camera parameters 312 is coupled to
backbone network 304. Thus, the backbone network 304 feeds intermediate representations of
input image 302 into the separate camera parameter prediction head 310, and the separate camera
parameter prediction head 310 outputs corresponding camera parameters 312. In an embodiment,
the camera parameters 312 can comprise a camera height and viewing angle with respect to the
ground plane and the road-plane normal vector. In some embodiments, when the neural network
of FIG. 3B is used, the lane-horizon marking head 306 can be modified to only predict lane lines

and not a horizon line.

[0056] As with lane-horizon marking head 306, in some embodiments, the camera parameter
prediction head 310 can include a plurality of convolutional blocks used to compute relationships
among different objects in the scene. Each convolutional block can include, in some embodiments,
one or more convolutional, batch normalization, activation or up-sampling layers. In an
embodiment, the camera parameter prediction head 310 can further include a plurality of fully
connected layers (e.g., dense layers) with optional dropouts to predict camera parameters. The
specific arrangement of layers in the camera parameter prediction head 310 is not limiting, and

other configurations may be used.

[0057] In the illustrated embodiment, the separate camera parameter prediction head 310 can
predict camera parameters 312 without relying on the key points 308. Specifically, while the two
heads are trained simultaneously (using a joint loss function), the individual heads can be separated
and used independently. Thus, backpropagation based on the joint loss can utilize relevant features
of backbone network 304 and lane-horizon marking head 306 to optimize the layers of the separate
camera parameter prediction head 310. Then, in production, the input image 302 can be fed through
the backbone network 304 and separate camera parameter prediction head 310 to predict camera

parameters such as camera height and viewing angle.

[0058] In an embodiment, the output of the lane-horizon marking head 306 can further be used
as an input to separate camera parameter prediction head 310. In such an embodiment, the key
points 308 can be used as an additional feature (along with image representations) to predict the

camera parameters. In some embodiments, this additional input may be optional.
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[0059] In some embodiments, a joint loss is minimized, which comprises the aggregate of the
loss of the lane-horizon marking head 306 (10SS;410 —norizon) that evaluates the distance between
the estimated and ground-truth lane/horizon key points and the loss of the separate camera
parameter prediction head 310 (105S g —inic) that comprises the loss between the estimated and

ground-truth camera parameters. Thus, the joint loss minimized is equal to l0SSjoin =

losslane—horizon + losscam—init .

[0060] In some embodiments, the neural network of FIG. 3B can provide additional
advantages over current systems. For example, the neural network can directly estimate camera
parameters and partially or completely eliminate the need for accurate lane and horizon detection.
In addition, the illustrated neural network does not require the lane width of the road the vehicle
is running on. In some embodiments, the estimation of an auxiliary horizon can also be used in

formulating a fusion strategy among different methods of camera initialization (manual, geometry-

based and model-based).

[0061] FIG. 4A is a flow diagram illustrating a method for training the neural network of FIG.

3A according to some embodiments.

[0062] In step 402A, the method receives an image or set of images. In one embodiment, the
image in the method comprises an image captured by a camera device installed within a vehicle.
Such images were discussed previously in connection with FIG. 3A, the disclosure of which is
incorporated in its entirety. In some embodiments, a set of images can be received as a batch of

images. In some embodiments, the image or set of images can comprise a video or video frames.

[0063] In step 404A, the method processes the image(s) using a backbone network. In an
embodiment, the backbone network can comprise a backbone network such as backbone network
304, the disclosure of which is incorporated in its entirety. In some embodiments, the backbone

network can include an intermediate network as discussed in the description of FIG. 3A.

[0064] In step 406A, the method inputs the features of the backbone network (and, if
implemented, an intermediate network) into a lane/horizon marking head. As described in FIG.
3A, the lane/horizon marking head can comprise a neural network configured to predict lane and/or

horizon markers for a given image or set of images. In some embodiments, the lane/horizon
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marking head can include an RNN or LSTM layer (or layers) to refine predictions based on a

sequence of images.

[0065] In step 408A, the method takes input, from step 414A, the ground truth image labels
corresponding to the processed image along with all the classification prediction head’s output to
compute a prediction loss. Details of prediction loss and backpropagation are described in the
previous FIG. 3A and are not repeated herein but are incorporated in their entirety herein. In
general, the ground truth can comprise a set of expected markers or lines (e.g., horizon and/or lane
markers or lines). In step 408A, the method computes the loss for each of the lane and/or horizon

markers as compared to the predicted lane and/or horizon markers to determine a prediction loss.

[0066] In step 410A, the method determines if a stopping criterion is met. If so, the method
ends. In one embodiment, the stopping criterion can comprise a configurable parameter set during
the training of the machine learning (ML) model. In one embodiment, the stopping criterion can
comprise a monitored performance metric such as the output of the loss function. Other types of
stopping criteria can be utilized alone or in combination with the foregoing. For example, one
stopping criterion may comprise the lack of a change in the loss function output across a configured
number of epochs, a decrease in performance of the ML model, or a cap on the maximum number

of allowed epochs or iterations.

[0067] In step 412A, if the method determines that the stopping criterion is not met, the method
will compute partial derivatives against all trainable network parameters and back-propagates them

to adjust each layer parameter, as described previously.

[0068] In brief, in steps 402A—412A, the method can repeatedly adjust the parameters in the
network so as to minimize a measure of the difference (e.g., cost function) between the predicted
output of the ML model and the ground truth until the stopping criterion is met. In the illustrated
embodiment, if the method returns to step 402A after step 412A, the method will utilize the weights
updated in step 412A. Alternatively, when the method determines that a stopping criterion is met,

the method may end.

[0069] FIG. 4B is a flow diagram illustrating a method for training the neural network of FIG.

3B according to some embodiments.
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[0070] In step 402B, the method receives an image. In one embodiment, the image in the
method comprises an image captured by a camera device installed within a vehicle. Such images
were discussed previously in connection with FIG. 3B, the disclosure of which is incorporated in
its entirety. In some embodiments, a set of images can be received as a batch of images. In some

embodiments, the image or set of images can comprise a video or video frames.

[0071] In step 404B, the method processes the image using a backbone network. In an
embodiment, the backbone network can comprise a backbone network such as backbone network

304, the disclosure of which is incorporated in its entirety.

[0072] In step 406B, the method feeds backbone features into a plurality of prediction heads.
In various embodiments, the prediction heads can include multiple prediction heads as depicted in
FIG. 3B. Specifically, in an embodiment, the prediction heads include a first prediction head
configured to predict lane and/or horizon lines/markers and a second prediction head configured
to predict camera parameters (e.g., a height, angle with respect to a roadway, and road plane
normal). In some embodiments, the method can optionally process the backbone features using
an intermediate head (e.g., an intermediate network such a CNN, RNN, LSTM, GRU, etc.) prior
to inputting data into the prediction heads. The specific processing of each of the prediction heads
has been described previously in the descriptions of FIG. 3B and is not repeated herein but is

incorporated herein in its entirety.

[0073] In step 408B, the method takes as input, from step 414B, the ground truth image labels
corresponding to the processed image along with all the prediction heads' outputs to compute a
single joint loss aggregating the individual losses of the plurality of prediction heads. Details of
joint loss function and backpropagation are described in the previous FIG. 3B and are not repeated
herein but are incorporated in their entirety herein. In general, the ground truth can comprise a set
of expected markers or lines (e.g., horizon and/or lane markers or lines) as well as expected camera
parameters. In step 408B, the method computes the loss for each of the expected features as

compared to the predicted features and aggregates these losses to determine a joint loss.

[0074] In step 410B, the method determines if a stopping criterion is met. In one embodiment,
the stopping criterion can comprise a configurable parameter set during the training of the ML

model. In one embodiment, the stopping criterion can comprise a monitored performance metric
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such as the output of the loss function. Other types of stopping criteria can be utilized alone or in
combination with the foregoing. For example, one stopping criterion may comprise the lack of a
change in the loss function output across a configured number of epochs, a decrease in performance

of the ML model, or a cap on the maximum number of allowed epochs or iterations.

[0075] In step 412B, if the method determines that the stopping criterion is not met, the method
computes partial derivatives against all trainable network parameters and back-propagates them to

adjust each layer parameter, as described previously.

[0076] In brief, in steps 402B—412B, the method can repeatedly adjust the parameters in the
network so as to minimize a measure of the difference (e.g., cost function) between the predicted
output of the ML model and the ground truth until the stopping criterion is met. Alternatively,
when the method determines that a stopping criterion is met, the method may end. In the illustrated
embodiment, if the method returns to step 402B after the decision in step 410B, the method will
utilize the weights updated in step 412B.

[0077] FIG. 5A is a flow diagram illustrating a method for predicting lane and horizon lines
using the neural network of FIG. 3A according to some embodiments. As will be discussed, in

some embodiments, FIG. 5A can be used as part of step 608.

[0078] In step S02A, the method receives an image or set of images. In one embodiment, the
image in the method comprises an image captured by a camera device installed within a vehicle.
Such images were discussed previously in connection with FIG. 3A, the disclosure of which is
incorporated in its entirety. In some embodiments, a set of images can be received as a batch of

images. In some embodiments, the image or set of images can comprise a video or video frames.

[0079] In step 5S04A, the method processes the image(s) using a backbone network. In an
embodiment, the backbone network can comprise a backbone network such as backbone network
304, the disclosure of which is incorporated in its entirety. In some embodiments, the backbone

network can include an intermediate network.

[0080] In step 506A, the method inputs the features of the backbone network (and, if

implemented, an intermediate network) into a lane and/or horizon prediction head. In some

17

0050



Docket No. 189908-000302/US
Non-Provisional Patent

embodiments, the lane and/or horizon prediction head can comprise lane-horizon marking head

306, the disclosure of which is incorporated in its entirety.

[0081] In step SO8A, the method uses the predicted lane and/or horizon markers or lines to
compute camera parameters. Details of this step are provided in more detail in the description of

FIG. 7, incorporated herein in its entirety.

[0082] FIG. 5B is a flow diagram illustrating a method for predicting lane and horizon lines
and camera parameters the neural network of FIG. 3B according to some embodiments. As will be

discussed, in some embodiments, FIG. 5B can be used as part of step 608.

[0083] In step 502B, the method receives an image or set of images. In one embodiment, the
image in the method comprises an image captured by a camera device installed within a vehicle.
Such images were discussed previously in connection with FIG. 3B, the disclosure of which is
incorporated in its entirety. In some embodiments, a set of images can be received as a batch of

images. In some embodiments, the image or set of images can comprise a video or video frames.

[0084] In step 504B, the method processes the image(s) using a backbone network. In an
embodiment, the backbone network can comprise a backbone network such as backbone network
304, the disclosure of which is incorporated in its entirety. In some embodiments, the backbone

network can include an intermediate network.

[0085] In step 506B, the method inputs the features of the backbone network (and, if
implemented, an intermediate network) into a camera parameter head. In an embodiment, the
camera parameter head can comprise separate camera parameter prediction head 310. In an
optional embodiment, the method can further input the features of the backbone network into a
lane and/or horizon prediction head. In some embodiments, the lane and/or horizon prediction head
can comprise lane-horizon marking head 306, the disclosure of which is incorporated in its

entirety.

[0086] In step S08B, the method outputs camera parameters. In some embodiments, the camera
parameters can be stored for future use, such as during lane detection or distance estimation as
described in FIG. 6. If the method predicts lane or horizon markers/lines, step 508B can further

comprise outputting the predicted lane/horizon markers/lines.
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[0087] FIG. 6 is a flow diagram illustrating a method for detecting lane markers on a roadway

and determining distances to objects according to some embodiments of the disclosure.

[0088] In step 602, the method receives video frames. In an embodiment, the video frames are
captured by a camera installed in or on a vehicle. In an embodiment, the camera is mounted at a
fixed location and direction with respect to the vehicle. For example, the camera may be a dash-
mounted camera. In an embodiment, the camera continuously streams video frames while in

operation.

[0089] In step 604, the method detects markers (or key points) in video frames using a CNN.
Reference is made to FIG. 7, which depicts one embodiment of a CNN used in step 604, according
to some embodiments of the disclosure. In an alternative embodiment, the network of FIGS. 3A
or 3B can alternatively be used to predict lane lines. For example, key points 308 can be used to
generate horizon line key points using lane-horizon marking head 306. In such an embodiment,
the lane-horizon marking head 306 can be utilized both for initialization (as will be discussed) but

also during the prediction phase (e.g., to continuously identify a horizon line).

[0090] In step 606, the method determines if the system is initializing a camera. If so, the
method proceeds to step 608. If not, the method proceeds to step 610. Next, in step 614, the method
fits one or more lines to the markers. In some embodiments, step 614 can be optional. As
illustrated, if the camera is already initialized, step 608 is bypassed, and the method proceeds
directly toward step 614. In an alternative embodiment, as exemplified in FIG. 2, step 606 can be
executed after step 602 and step 608 can include the network-based initialization procedure

described in FIG. 2.

[0091] In an embodiment, the method determines that the system is initializing if camera
parameters have not been stored for the camera. In an embodiment, the estimation of camera
parameters is a one-off calculation for a given camera which is done over a small set of initial
frames. Thus, each camera can be associated with a set of camera parameters and these camera
parameters need only be calculated once per camera. In some embodiments, the camera parameters
may be recalculated as desired or in response to a change in camera position or other intrinsic
value. For example, in an embodiment, the method can determine if an orientation measured by

one or more leveling devices has changed from an orientation that was present when calculating
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the camera parameters. If so, the method can perform step 608 in response to detecting such a
change. In one embodiment, the camera parameters can comprise a camera height and road normal
vector associated with a given camera. In some embodiments, an inverse perspective mapping can

then be computed based on the camera height and road normal vector.
[0092] In step 608, the method initializes the camera using the frames recorded by the camera.

[0093] In an embodiment, camera initialization involves using the horizon output by a CNN
(e.g., using the methods described in FIGS. 2, SA, or 5B) and third-party data sources to calculate
a camera height and road normal vector. In some embodiments, after identifying a camera height
and road normal vector, the method can further comprise calculating an IPM that can be used to
synthetically rotate the viewpoint of the video frames. In some embodiments, the method can then
use a lane width determined from the rotated viewpoint to fit equidistant parallel lanes in rectified

view after the initialization.

[0094] In an embodiment, the methods discussed in connection with FIG. 6 may utilize horizon
detection directly from lane detection network as a fifth line (in addition to four lane lines). In
some embodiments, a separate neural network for horizon detection may also be used. Details of
this approach are described in connection with FIGS. 3A and 3B. As an alternative, a server-side
approach can be used to determine the camera parameters. Details of this approach are described

in connection with FIG. 2.

[0095] FIG. 7 is a flow diagram illustrating a method for initializing a camera installed in a
vehicle according to some embodiments of the disclosure. As described above, the method may
only need be performed once per camera or can be performed on demand (e.g., in response to a

change in camera orientation or angle) as part of a recalibration or reinitialization procedure.

[0096] In step 702, the method receives a horizon line detected using a CNN or similar model.
As discussed above, in some embodiments, the horizon line can be determined by a local neural

network (as in FIGS. 3A and 3B) or via a remote data source (as in FIG. 2).

[0097] In step 704, the method computes the IPM for a camera and rectifies the sample images.
In an embodiment, step 704 comprises computing a road plane normal vector (1) using an intrinsic

camera matrix (K) and the detected horizon (I},) according to:

20

0053



Docket No. 189908-000302/US
Non-Provisional Patent

s — T
n=K lh
(Equation 1)

where KT comprises the transpose of the intrinsic camera matrix. In an embodiment, the intrinsic
camera matrix comprises the geometric properties of the camera. After computing the plane

normal (77), the method computes the IPM (H) using:
H = KRK™1
(Equation 2)

where H is the rectification homography which will rotate the camera view to align its Z-axis with

the road plane normal, and R is the rotation matrix defined by:
R= 11y x ft; (I, x 7)) x —n; —n]
(Equation 3)

[0098] Further detail on computing an IPM is provided in commonly-owned Appl. No.
17/173,950, filed Feb. 11, 2021, and incorporated by reference in its entirety.

[0099] In some embodiments, the method may further include step 706 wherein lane widths

(in pixels) of lanes in the video frames are determined.

[0100] In an embodiment, a current location is determined in step 706. As used herein, a
current location can refer to a latitude and longitude, Geohash value, or other identifying value. In
an embodiment, this current location is used to retrieve lane width details from a third-party
mapping service. In an embodiment, the method can transmit the current location to the third-party
mapping service and receive a lane width associated with the current location or, more specifically,
the roadway present at the current location. If the third-party mapping service returns such data,

the method can set the value of the lane width in pixels (pr) to the return value.
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[0101] In other embodiments, the third-party mapping service may not return a lane width. In
such an embodiment, the third-party mapping service may provide a bird’s eye image of the
roadway at the current location and a resolution. In an embodiment, the resolution can comprise a
unit of measurement converting pixels to physical distances. Thus, as one example, one pixel may
correspond to one foot. In such an embodiment, the method can automatically identify lane lines
within the image (e.g., using a CNN or other machine learning approach) and then compute the
number of pixels between each lane line. The method can then convert the lane width in pixels

(pr) to a real-world lane width distance (Ly, ) using the returned resolution.

[0102] In an alternative embodiment, the method can rely on user input to detect lane widths.
In such an embodiment, the method can display the images returned from the third-party mapping
service and display the image to a user. The user can then manually identify lane lines (e.g., by
using a line drawing tool, touch screen, etc.). The method can then use the user markup to compute
the distance between lane lines and compute the number of pixels between each lane line. The

method can then convert the number of pixels to a real-world lane width distance (Ly,) using the

returned resolution.

[0103] In another embodiment, the method can attempt to automatically mark lane lines using,
for example, a machine learning model. The method can then display the predicted lane lines to
the user to allow the user to confirm, reject, and/or adjust the predicted markers. The method can
then compute the number of pixels between each lane line. The method can then convert the
number of pixels to a real-world lane width distance (Ly, ) using the returned resolution. Details

of using a machine learning model to predict lane lines and/or horizon lines are described in the

descriptions of FIGS. 2, 3A, 3C, and 3B.

[0104] In some embodiments, the result of the foregoing embodiments can be inconclusive.
For example, image quality of the returned third-party service images may be unsuitable for
annotation of lane lines and thus the lane widths are not able to be calculated. In such an
embodiment, the method can revert to a geometric algorithm to determine a lane width, as detailed

in commonly-owned Appl. No. 17/173,950, filed Feb. 11, 2021.
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[0105] In step 708, the method stores the camera parameters. In one embodiment, step 708
comprises storing the camera height, horizon line, and road plane normal. In some embodiments,

step 708 can optionally comprise storing the IPM (H) and the lane width (pr)~ In an embodiment,

the camera parameters are stored in a non-volatile storage device and are associated with a camera.
Thus, the camera parameters may be reused during subsequent operations performed on images
captured by a given camera, as discussed fully in step 610. In some embodiments, the method may
be executed directly on the camera and stored on the camera (such as on the edge hardware onboard
the vehicle). In other embodiments, the value of H, lane width and camera height may be calculated

off-camera and stored off-camera (such as in the cloud and stored in a cloud database).

[0106] Returning to FIG. 6, if the method determines that the camera is initialized, the method
proceeds to apply the IPM to line or curves represented by the CNN-predicted markers and horizon
to identify lane lines in a given frame. As illustrated, in some embodiments, the method may
execute step 610 on the sample frames used to initialize the camera in step 608 as well. Details of
applying an IPM to a set of image frames to detect lane lines are provided in more detail in
commonly-owned Appl. No. 17/173,950, filed Feb. 11, 2021 In step 612, the method transmits or
outputs the perspective lane boundaries in step 612. In an embodiment, the method may transmit
the line/curve data to a downstream processing device for further processing. For example, the
method may transmit the data to a lane warning system to enable the system to determine if the
vehicle crosses a lane boundary. In other embodiments, the outputting of the line or curve
comprises displaying the line or curve on an in-vehicle display (e.g., a dash-mounted display or
mobile phone). In an embodiment, the lane boundaries may be overlaid on top of the capture video

frames.

[0107] In step 616, the method can additionally detect a distance to identified objects. As
illustrated, steps 616 and 618 can be done in parallel with steps 610 and 612. Further, in some

embodiments, steps 610 and 616 can be triggered asynchronously.

[0108] As illustrated, in some embodiments, the method may execute step 616 on the sample
frames used to initialize the camera in step 608 as well. In an embodiment, any type of object
detection system may be used to identify objects (e.g., via bounding boxes) within an image

including detecting objects using DL object detectors such as Faster-RCNN, MobileNet-SSD,
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EfficientDets, YoloV1, YoloV2, YoloV3, YoloV4, YoloV5, and similar such systems. Details of
detecting object distances in step 608 were described in commonly-owned Appl. No. 17/173,950,
filed Feb. 11, 2021. Finally, in step 616, the method transmits or outputs the distance data. In an
embodiment, the distance data includes distances to detected objects. In some embodiments, the
distance data includes bounding boxes for the detected objects. In some embodiments, the method
may further detect lane boundary or lane lines/curves and may include these in the returned data.
In an embodiment, the method may transmit the line/curve data to a downstream processing device
for further processing. For example, the method may transmit the data to a collision detection

system to enable the system to determine if the vehicle is too close to another object or vehicle.

[0109] FIG. 8 is a block diagram of a computing device according to some embodiments of
the disclosure. In some embodiments, the computing device can be used to train and use the various

ML models described previously.

[0110] As illustrated, the device includes a processor or central processing unit (CPU) such as
CPU 802 in communication with a memory 804 via a bus 814. The device also includes one or
more input/output (I/O) or peripheral devices 812. Examples of peripheral devices include, but are
not limited to, network interfaces, audio interfaces, display devices, keypads, mice, keyboard,
touch screens, illuminators, haptic interfaces, global positioning system (GPS) receivers, cameras,

or other optical, thermal, or electromagnetic sensors.

[0111] In some embodiments, the CPU 802 may comprise a general-purpose CPU. The CPU
802 may comprise a single-core or multiple-core CPU. The CPU 802 may comprise a system-on-
a-chip (SoC) or a similar embedded system. In some embodiments, a graphics processing unit
(GPU) may be used in place of, or in combination with, a CPU 802. Memory 804 may comprise a
memory system including a dynamic random-access memory (DRAM), static random-access
memory (SRAM), Flash (e.g., NAND Flash), or combinations thereof. In one embodiment, the
bus 814 may comprise a Peripheral Component Interconnect Express (PCle) bus. In some

embodiments, the bus 8§14 may comprise multiple busses instead of a single bus.

[0112] Memory 804 illustrates an example of computer storage media for the storage of
information such as computer-readable instructions, data structures, program modules, or other

data. Memory 804 can store a basic input/output system (BIOS) in read-only memory (ROM),
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such as ROM 808 for controlling the low-level operation of the device. The memory can also store

an operating system in random-access memory (RAM) for controlling the operation of the device

[0113] Applications 810 may include computer-executable instructions which, when executed
by the device, perform any of the methods (or portions of the methods) described previously in the
description of the preceding Figures. In some embodiments, the software or programs
implementing the method embodiments can be read from a hard disk drive (not illustrated) and
temporarily stored in RAM 806 by CPU 802. CPU 802 may then read the software or data from
RAM 806, process them, and store them in RAM 806 again.

[0114] The device may optionally communicate with a base station (not shown) or directly
with another computing device. One or more network interfaces in peripheral devices 812 are

sometimes referred to as a transceiver, transceiving device, or network interface card (NIC).

[0115] An audio interface in peripheral devices 812 produces and receives audio signals such
as the sound of a human voice. For example, an audio interface may be coupled to a speaker and
microphone (not shown) to enable telecommunication with others or generate an audio
acknowledgment for some action. Displays in peripheral devices 812 may comprise liquid crystal
display (LCD), gas plasma, light-emitting diode (LED), or any other type of display device used
with a computing device. A display may also include a touch-sensitive screen arranged to receive

input from an object such as a stylus or a digit from a human hand.

[0116] A keypad in peripheral devices 812 may comprise any input device arranged to receive
input from a user. An illuminator in peripheral devices 812 may provide a status indication or
provide light. The device can also comprise an input/output interface in peripheral devices 812 for
communication with external devices, using communication technologies, such as USB, infrared,
Bluetooth™, or the like. A haptic interface in peripheral devices 812 provides tactile feedback to

a user of the client device.

[0117] A GPS receiver in peripheral devices 812 can determine the physical coordinates of the
device on the surface of the Earth, which typically outputs a location as latitude and longitude
values. A GPS receiver can also employ other geo-positioning mechanisms, including, but not

limited to, triangulation, assisted GPS (AGPS), E-OTD, CI, SAL ETA, BSS, or the like, to further
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determine the physical location of the device on the surface of the Earth. In one embodiment,
however, the device may communicate through other components, providing other information
that may be employed to determine the physical location of the device, including, for example, a

media access control (MAC) address, Internet Protocol (IP) address, or the like.

[0118] The device may include more or fewer components than those shown in FIG. 8,
depending on the deployment or usage of the device. For example, a server computing device,
such as a rack-mounted server, may not include audio interfaces, displays, keypads, illuminators,
haptic interfaces, Global Positioning System (GPS) receivers, or cameras/sensors. Some devices
may include additional components not shown, such as graphics processing unit (GPU) devices,

cryptographic co-processors, artificial intelligence (Al) accelerators, or other peripheral devices.

[0119] The subject matter disclosed above may, however, be embodied in a variety of different
forms and, therefore, covered or claimed subject matter is intended to be construed as not being
limited to any example embodiments set forth herein; example embodiments are provided merely
to be illustrative. Likewise, a reasonably broad scope for claimed or covered subject matter is
intended. Among other things, for example, subject matter may be embodied as methods, devices,
components, or systems. Accordingly, embodiments may, for example, take the form of hardware,
software, firmware, or any combination thereof (other than software per se). The preceding

detailed description is, therefore, not intended to be taken in a limiting sense.

[0120] Throughout the specification and claims, terms may have nuanced meanings suggested
or implied in context beyond an explicitly stated meaning. Likewise, the phrase “in an
embodiment” as used herein does not necessarily refer to the same embodiment and the phrase “in
another embodiment” as used herein does not necessarily refer to a different embodiment. It is
intended, for example, that claimed subject matter include combinations of example embodiments

in whole or in part.

[0121] In general, terminology may be understood at least in part from usage in context. For
example, terms, such as “and,” “or,” or “and/or,” as used herein may include a variety of meanings
that may depend at least in part upon the context in which such terms are used. Typically, “or” if
used to associate a list, such as A, B or C, is intended to mean A, B, and C, here used in the

inclusive sense, as well as A, B or C, here used in the exclusive sense. In addition, the term “one
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or more” as used herein, depending at least in part upon context, may be used to describe any
feature, structure, or characteristic in a singular sense or may be used to describe combinations of

29 CC

features, structures, or characteristics in a plural sense. Similarly, terms, such as “a,” “an,” or “the,”
again, may be understood to convey a singular usage or to convey a plural usage, depending at
least in part upon context. In addition, the term “based on” may be understood as not necessarily
intended to convey an exclusive set of factors and may, instead, allow for existence of additional

factors not necessarily expressly described, again, depending at least in part on context.

[0122] The present disclosure is described with reference to block diagrams and operational
illustrations of methods and devices. It is understood that each block of the block diagrams or
operational illustrations, and combinations of blocks in the block diagrams or operational
illustrations, can be implemented by means of analog or digital hardware and computer program
instructions. These computer program instructions can be provided to a processor of a general-
purpose computer to alter its function as detailed herein, a special purpose computer, application-
specific integrated circuit (ASIC), or other programmable data processing apparatus, such that the
instructions, which execute via the processor of the computer or other programmable data
processing apparatus, implement the functions/acts specified in the block diagrams or operational
block or blocks. In some alternate implementations, the functions or acts noted in the blocks can
occur out of the order noted in the operational illustrations. For example, two blocks shown in
succession can in fact be executed substantially concurrently or the blocks can sometimes be

executed in the reverse order, depending upon the functionality or acts involved.

[0123] These computer program instructions can be provided to a processor of a general
purpose computer to alter its function to a special purpose; a special purpose computer; ASIC; or
other programmable digital data processing apparatus, such that the instructions, which execute
via the processor of the computer or other programmable data processing apparatus, implement
the functions or acts specified in the block diagrams or operational block or blocks, thereby

transforming their functionality in accordance with embodiments herein.

[0124] For the purposes of this disclosure a computer readable medium (or computer-readable
storage medium) stores computer data, which data can include computer program code or

instructions that are executable by a computer, in machine readable form. By way of example, and
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not limitation, a computer readable medium may comprise computer readable storage media, for
tangible or fixed storage of data, or communication media for transient interpretation of code-
containing signals. Computer readable storage media, as used herein, refers to physical or tangible
storage (as opposed to signals) and includes without limitation volatile and non-volatile,
removable, and non-removable media implemented in any method or technology for the tangible
storage of information such as computer-readable instructions, data structures, program modules
or other data. Computer readable storage media includes, but is not limited to, RAM, ROM,
EPROM, EEPROM, flash memory or other solid-state memory technology, CD-ROM, DVD, or
other optical storage, magnetic cassettes, magnetic tape, magnetic disk storage or other magnetic
storage devices, or any other physical or material medium which can be used to tangibly store the

desired information or data or instructions and which can be accessed by a computer or processor.

[0125] For the purposes of this disclosure a module is a software, hardware, or firmware (or
combinations thereof) system, process or functionality, or component thereof, that performs or
facilitates the processes, features, and/or functions described herein (with or without human
interaction or augmentation). A module can include sub-modules. Software components of a
module may be stored on a computer readable medium for execution by a processor. Modules may
be integral to one or more servers or be loaded and executed by one or more servers. One or more

modules may be grouped into an engine or an application.

[0126] Those skilled in the art will recognize that the methods and systems of the present
disclosure may be implemented in many manners and as such are not to be limited by the foregoing
exemplary embodiments and examples. In other words, functional elements being performed by
single or multiple components, in various combinations of hardware and software or firmware,
and individual functions, may be distributed among software applications at either the client level
or server level or both. In this regard, any number of the features of the different embodiments
described herein may be combined into single or multiple embodiments, and alternate

embodiments having fewer than, or more than, all the features described herein are possible.

[0127] Functionality may also be, in whole or in part, distributed among multiple components,
in manners now known or to become known. Thus, a myriad or software, hardware, and firmware

combinations are possible in achieving the functions, features, interfaces, and preferences
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described herein. Moreover, the scope of the present disclosure covers conventionally known
manners for carrying out the described features and functions and interfaces, as well as those
variations and modifications that may be made to the hardware or software or firmware

components described herein as would be understood by those skilled in the art now and hereafter.

[0128] Furthermore, the embodiments of methods presented and described as flowcharts in
this disclosure are provided by way of example to provide a more complete understanding of the
technology. The disclosed methods are not limited to the operations and logical flow presented
herein. Alternative embodiments are contemplated in which the order of the various operations is
altered and in which sub-operations described as being part of a larger operation are performed

independently.

[0129] While various embodiments have been described for purposes of this disclosure, such
embodiments should not be deemed to limit the teaching of this disclosure to those embodiments.
Various changes and modifications may be made to the elements and operations described above
to obtain a result that remains within the scope of the systems and processes described in this

disclosure.
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[[] See attached certification statement.
[] The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

A certification statement is not submitted herewith.

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

Signature /George Zalepa/ Date (YYYY-MM-DD) 2023-12-01

Name/Print George Zalepa Registration Number 72706

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

EFS Web 2.1.18

0068




Privacy Act Statement

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

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

1.

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

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

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

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

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

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

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

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

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Docket No. 189908-000302/US
Non-Provisional Patent

CLAIMS
What is claimed is:
1. A method comprising:
receiving, over a network from a camera device, a video comprising a set of image frames;

identifying one or more lines in the video using a predictive model, the one or more lines

including a horizon line;
computing at least one camera parameter based on the one or more lines;
overlaying the one or more lines on the video to generate an overlaid video;
transmitting the overlaid video to an annotator device for manual review;

receiving a confirmation from the annotator device, the confirmation indicating that the

one or more lines are accurate; and

transmitting data representing the at least one camera parameter to the camera device.

2. The method of claim 1, wherein the one or more lines includes at least one lane line of a
roadway.
3. The method of claim 1, wherein computing the at least one camera parameter comprises

predicting the at least one camera parameter using the predictive model.

4. The method of claim 1, wherein computing the at least one camera parameter comprises

predicting the at least one camera parameter using a second predictive model.

5. The method of claim 1, wherein the at least one camera parameter comprises a camera

height and road plane normal.

6. The method of claim 1, further comprising:
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Non-Provisional Patent

receiving, over the network from the camera device, a second video comprising a second

set of images;

transmitting the second video to the annotator device for manual review;

adding, by the annotator device, one or more lines to the second video to generate a second

overlaid video;

predicting, using the one or more lines in the second overlaid video, at least one camera

parameter; and

transmitting the at least one camera parameter to the annotator device.

The method of claim 6, further comprising:

receiving a second confirmation from the annotator device, the second confirmation

indicating that the at least one camera parameter are accurate; and

transmitting data representing the one or more lines of the second video to the camera

device.

A method comprising:

receiving a video, the video comprising one or more image frames;

generating a set of intermediate features representing the video using a backbone network;

inputting the set of intermediate features into a lane or horizon prediction head, the lane or

horizon prediction head comprising a neural network;

predicting a horizon line using the lane or horizon prediction head, the horizon line

comprising a set of horizon markers; and

using the horizon line to compute at least one camera parameter.

The method of claim 8, the backbone network comprising at least one convolutional layer.
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10. The method of claim 8, wherein the at least one camera parameter comprises one of a

camera height, camera angle, and road plane normal.

11. The method of claim 8, further comprising predicting, using the lane or horizon prediction

head, at least one lane line, the at least one lane line comprising a set of lane line markers.

12. The method of claim 11, wherein generating a plurality of lane key points comprises

generating a plurality of lane key points for two lane lines on a roadway.

13. The method of claim 8, further comprising detecting a movement of a camera that captured

the video and re-initializing the at least one camera parameter in response.

14. The method of claim 8, wherein the lane or horizon prediction head comprises at least one

convolutional layer.

15. The method of claim 14, wherein the lane or horizon prediction head further comprises at

least one fully connected layer receiving an output of the convolutional layer.

16. The method of claim 14, wherein the lane or horizon prediction head further comprises a
layer selected from the group consisting of a recurrent neural network layer, long short-term

memory layer, and gated recurrent unit layer.
17. A method comprising:
receiving a video, the video comprising one or more image frames;
generating a set of intermediate features representing the video using a backbone network;

inputting the set of intermediate features into a camera parameter estimation head, the

camera parameter estimation head comprising a neural network; and

predicting at least one camera parameter using the camera parameter estimation head, the
camera parameter estimation head trained using an output of the backbone network and

an output of a lane and horizon line prediction head.
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18. The method of claim 17, wherein the backbone network, camera parameter estimation
head, lane and horizon line prediction head are trained using a joint loss function, the joint loss

function aggregating the losses of the lane and horizon line prediction head and the neural network.

19. The method of claim 17, further comprising predicting a horizon line using the lane and
horizon line prediction head, the lane and horizon line prediction head comprising a neural network

configured to receive the set of intermediate features as an input.

20. The method of claim 17, wherein the camera parameter estimation head comprises at least

one convolutional layer.
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Application or Docket Number

PATENT APPLICATION FEE DETERMINATION RECORD

Substitute for Form PTO-875 18/627,226
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
B 5.0 0) N/A N/A N/A N/A 320
SEARCH FEE
T o o N/A N/A N/A N/A 700
EXAMINATION FEE
(37 CFR 1.16(0). (). or (a) N/A N/A N/A N/A 800
TOTAL CLAIMS ) *
(37 GFR 1.16(i)) 20 minus 20 = 0 OR |« 0
INDEPENDENT CLAIMS : *
(37 GFR 1.16(h)) 3 minus 3 = X 0
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16()) 0
* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 1820
APPLICATION AS AMENDED - PART I
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIQUSLY EXTRA RATE($) FEE($) RATE(®) FEE($)
E AMENDMENT PAID FOR
| Total . i = =
= (37 ch ?.160)) Minus X = OR X
[ 7 - =
E (:I;g%erRe? .?g(nht)) s x = OR |x
<§E Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16())) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIQUSLY EXTRA RATE($) FEE($) RATE(®) FEE($)
E AMENDMENT PAID FOR
L Total * Minus ** = X =
= @7 ch ?.160)) OR |x
% Independent * Minus | ** = M _ OR |x
L (37 GFR 1.16(h})) B
<§E Application Size Fee (37 CFR 1.16(s))
R
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16())) o
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".
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A\ UNITED STATES PATENT AND TRADEMARK OFFIGE
N

S

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0. Box 1450

Alexandria, Virginia 22313-1450

‘www.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE REC'D ATTY.DOCKET.NO TOT CLAIMS | IND CLAIMS
18/527,226 12/01/2023 1820 189908.000302 20 3
CONFIRMATION NO. 7088
32361 FILING RECEIPT

GREENSERG TRAURIG (W I 0

NEW YORK, NY 10017
Date Mailed: 12/14/2023

Receipt is acknowledged of this non-provisional utility patent application. The application will be taken up for
examination in due course. Applicant will be notified as to the results of the examination. Any correspondence
concerning the application must include the following identification information: the U.S. APPLICATION NUMBER,
FILING DATE, NAME OF FIRST INVENTOR, and TITLE OF INVENTION. Fees transmitted by check or draft are
subject to collection.

Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a corrected Filing Receipt, including a properly marked-up ADS showing the changes
with strike-through for deletions and underlining for additions. If you received a "Notice to File Missing Parts" or
other Notice requiring a response for this application, please submit any request for correction to this Filing Receipt
with your reply to the Notice. When the USPTO processes the reply to the Notice, the USPTO will generate another
Filing Receipt incorporating the requested corrections provided that the request is grantable.

Inventor(s)

Ali HASSAN, Lahore, PAKISTAN;

Ahmed ALI, Lahore, PAKISTAN;

Syed Wajahat Ali Shah KAZMI, Lahore, PAKISTAN;
Applicant(s)

MOTIVE TECHNOLOGIES, INC., San Francisco, CA;

Power of Attorney: The patent practitioners associated with Customer Number 32361

Domestic Priority data as claimed by applicant
This application is a CON of 17/493,011 10/04/2021

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None.

Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

Permission to Access Application via Priority Document Exchange: Yes
Permission to Access Search Results: Yes

Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.
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If Required, Foreign Filing License Granted: 12/13/2023

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,

is US 18/527,226
Projected Publication Date: 03/21/2024
Non-Publication Request: No

Early Publication Request: No
Title

CAMERA INITIALIZATION FOR LANE DETECTION AND DISTANCE ESTIMATION USING
SINGLE-VIEW GEOMETRY

Preliminary Class

Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No
PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at hitp://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).
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LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http:/www.SelectUSA.gov or call
+1-202-482-6800.

page 30of 3

0086



United States Patent and Trademark Office

Under Sacretary of Commerce for intellectual Property and
Director of the United States Pafent and Trademark Office

WELCOMETO THE UNITED STATES PATENT AND TRADEMARK OFFICE (USPTO)

Congratulations on taking the first step to prolect your invention. You can now advertise or mark any products
covered by this application for your invention as “Patent Pending” for as long as this epplication is pending!

We are here to help you on the rest of your journey.

New to the process? The Patent Basics page will take vou from Contact us:

“What is a patent?” to assistance with the application process. s General information: USPTO Contact Center

*  www.usplo.gov/PaleniBasics - www.uspto.gov/heip

*  Patent Center
Patent Electronic Business Center
- www.uspto.gov/EBC

Consider cost savings. You might qualify for small entity or
micro entity status, which means a discount on most USPTO
patent fees.
o www,uspto.gov/ EntityStatus = Pre or post-examination: Application Assistance Unit
- www.uspto.gov/PatentAssistance
Become a registered electronic filer (eFiler). You'll gain access

L e ~ ) ) - \ oe?
to the full capabilities of Patent Center. As a registerad eFiler, Want to learn more

vou ean electronically view your submission, track the progress ~ * Aceess our free services all in one spot. Find all of our
of your application, and respond to USPTO correspondence. coniact centers, nationwide services, evenis, aducation,

and training.
- www.uspto.gov/ FreeServices
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. 0 7 r
o Vidal_ Y Y

Kathi Vidal Derrick Brent
Under Secretary of Commerce for Intellectual Property and Deputy Under Secretary of Commerce for Intellectual Property and
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Docket No. 189908-000302
Appl. No. 18/527,226
Preliminary Amendment

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Inventor(s) A. Hassan et al. Examiner To be assigned

Serial No. 18/527,226 Art Unit To be assigned
Filed Dec. 1, 2023 Confirmation 7088
Title CAMERA INITIALIZATION FOR LANE

DETECTION AND DISTANCE ESTIMATION
USING SINGLE-VIEW GEOMETRY

PRELIMINARY AMENDMENT

COMMISSIONER FOR PATENTS
P.O. Box 1450
ALEXANDRIA, VA 22313-1450

Dear Sir:

Before examination, please amend the application as follows.
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Docket No. 189908-000302
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Preliminary Amendment

LISTING OF THE CLAIMS
The following listing of claims replaces all previous listings.
1-20. (Canceled)
21.  (New) A method comprising:

receiving an image of a roadway recorded by a camera device installed

within a vehicle;
detecting a horizon line in the image;
overlaying a line on the image to generate an overlaid image;
transmitting the overlaid image to a computing device over a network;

receiving a modification of the line from the computing device, the

modification comprising a new line at a second position;
computing a camera parameter based on the new line; and

transmitting data representing the camera parameter to the camera

device.

22.  (New) The method of claim 21, wherein the camera parameter comprises

one of camera height, viewing angle, and road plane normal.

23. (New) The method of claim 21, wherein receiving the image of the
roadway comprises receiving an image of the roadway while the vehicle is

moving.
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24. (New) The method of claim 23, wherein receiving the image of the
roadway while the vehicle is moving comprises detecting that the vehicle is

traveling above a pre-defined speed or for a pre-defined duration.

25. (New) The method of claim 21, wherein transmitting the overlaid image
to the computing device over the network comprises transmitting the overlaid

image to a web-based application.

26. (New) The method of claim 21, wherein receiving the modification of the
line from the computing device comprises receiving an identification of a new

horizon line by a user of the computing device.

27. (New) The method of claim 21, wherein transmitting the data
representing the camera parameter to the camera device further comprises

recomputing the camera parameter based on the modification of the line.

28. (New) A non-transitory computer-readable storage medium for tangibly
storing computer program that, when executed by a computer processor,

perform operations of:

receiving an image of a roadway recorded by a camera device installed

within a vehicle;
detecting a horizon line in the image;
overlaying a line on the image to generate an overlaid image;
transmitting the overlaid image to a computing device over a network;

receiving a modification of the line from the computing device, the

modification comprising a new line at a second position;

computing a camera parameter based on the new line; and
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transmitting data representing the camera parameter to the camera

device.

29.  (New) The non-transitory computer-readable storage medium of claim
28, wherein the camera parameter comprises one of camera height, viewing

angle, and road plane normal.

30. (New) The non-transitory computer-readable storage medium of claim
28, wherein receiving the image of the roadway comprises receiving an image

of the roadway while the vehicle is moving.

31. (New) The non-transitory computer-readable storage medium of claim
30, wherein receiving the image of the roadway while the vehicle is moving
comprises detecting that the vehicle is traveling above a pre-defined speed or

for a pre-defined duration.

32. (New) The non-transitory computer-readable storage medium of claim
28, wherein transmitting the overlaid image to the computing device over the

network comprises transmitting the overlaid image to a web-based application.

33. (New) The non-transitory computer-readable storage medium of claim
28, wherein receiving the modification of the line from the computing device
comprises receiving an identification of a new horizon line by a user of the

computing device.

34. (New) The non-transitory computer-readable storage medium of claim
28, wherein transmitting the data representing the camera parameter to the
camera device further comprises recomputing the camera parameter based on

the modification of the line.

35. (New) A device comprising:
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a processor; and

a storage medium for tangibly storing thereon program logic for

execution by the processor, the program logic comprising logic for:

receiving an image of a roadway recorded by a camera device installed

within a vehicle;
detecting a horizon line in the image;
overlaying a line on the image to generate an overlaid image;
transmitting the overlaid image to a computing device over a network;

receiving a modification of the line from the computing device, the

modification comprising a new line at a second position;
computing a camera parameter based on the new line; and

transmitting data representing the camera parameter to the camera

device.

36. (New) The device of claim 35, wherein receiving the image of the
roadway comprises receiving an image of the roadway while the vehicle is

moving.

37. (New) The device of claim 36, wherein receiving the image of the
roadway while the vehicle is moving comprises detecting that the vehicle is

traveling above a pre-defined speed or for a pre-defined duration.

38. (New) The device of claim 35, wherein transmitting the overlaid image
to the computing device over the network comprises transmitting the overlaid

image to a web-based application.
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39. (New) The device of claim 35, wherein receiving the modification of the

line from the computing device comprises receiving an identification of a new

horizon line by a user of the computing device.

40. (New) The device of claim 35, wherein transmitting the data representing
the camera parameter to the camera device further comprises recomputing the

camera parameter based on the modification of the line.
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REMARKS

Claims 21 through 40 are pending. Claims 1 through 20 are hereby canceled
without prejudice or disclaimer of the subject matter. Claims 21 through 40 are
newly added, no new matter has been added. Examination and passage to

allowance are respectfully requested.

Should there be any matters which the Examiner believes could be resolved in
a telephone interview, the Examiner is requested to telephone the Applicant’s
undersigned attorney. In this regard, Applicant’s undersigned attorney may be
reached by phone at (973) 443-3241. All correspondence should continue to be
directed to the below-listed address.

The Commissioner is hereby authorized to charge any required fee in
connection with the submission of this paper, any additional fees which may
be required, now or in the future, or credit any overpayment to Account No.
50-1561. Please ensure that the Attorney Docket Number is referred when

charging any payments or credits for this case.

Respectfully submitted,
/George Zalepa/
George Zalepa

Reg. No. 72,706

GREENBERG TRAURIG, LLP
CUSTOMER NUMBER 32361
Phone: (973) 443-3241
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may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

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

EFS Web 2.1.18

ALL REFERENCES CONSIDERED EXCHWY WHERE LINED THROUGH. /H.D.B/



Bibliographic Data
Application No: 18/527 ,226

Foreign Priority claimed: O Yes ®No
35 USC 119 (a-d) conditions met: D Yes No D Met After Allowance
Verified and Acknowledged: /HOWARD D BROWNJR/ | |
Examiner's Signature Initials
Title: CAMERA INITIALIZATION FOR LANE DETECTION AND
DISTANCE ESTIMATION USING SINGLE-VIEW GEOMETRY

FILING or 371(c) DATE CLASS GROUP ART UNIT ATTORNEY DOCKET NO.
12/01/2023 348 2488 189908.000302
RULE

APPLICANTS

MOTIVE TECHNOLOGIES, INC., San Francisco, CA, UNITED STATES

INVENTORS
Ali HASSAN, Lahore, PAKISTAN
Ahmed ALI Lahore, PAKISTAN

Syed Wajahat Ali Shah KAZMI, Lahore, PAKISTAN

CONTINUING DATA

This application is a CON of 17493011 10/04/2021 PAT 11875580

FOREIGN APPLICATIONS

IF REQUIRED, FOREIGN LICENSE GRANTED#**

12/13/2023
STATE OR COUNTRY
PAKISTAN
ADDRESS

GREENBERG TRAURIG (NY)
One Vanderbilt Avenue
NEW YORK, NY 10017
UNITED STATES

FILING FEE RECEIVED

$1,820

0108




PE2E SEARCH - Search History (Prior Art)

Ref # Hits Search Query DBs Default Plurals British Time Stamp
Operator Equivalents
L1 1 "17493011" (US-PGPUB; USPAT; [OR ON ON 2023/09/06
USOCR; FIT (CN, FR, 07:04 AM
WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L2 40 ((("MOTIVE") near3 (USPAT) OR ON ON 2023/09/06
("TECHNOLOGIES") 07:44 AM
near3
("INC"))).AS,AANM.

L3 1065 ((("HASSAN") near3 (US-PGPUB; USPAT; [OR ON ON 2023/09/06
("Ali")) OR (("ALI") USOCR; EPO; JPO; 07:44 AM
near3d ("Ahmed")) OR |DERWENT)

(("KAZMI") near3
("Syed") near3
("Wajahat") near3
("Ali"))).INV.

L4 3 ("20190009166" OR (US-PGPUB; USPAT) [OR ON ON 2023/09/06
"20210009166" OR 07:46 AM
"20210049780").pn.

L5 88562 (G06V20/588 OR (US-PGPUB; USPAT) [OR ON ON 2023/09/06
G06F18/214 OR 07:47 AM
GO6N3/044 OR
G06T7/50 OR
G06T7/75 OR
G06T2207/30256 OR
GO6N3/0442 OR
GO6N3/045 OR
GO6N3/0464 OR
GO6N3/084 OR
GO6N3/09 OR
G06V10/82).cpc.

L6 587992 (G06V20/588 OR (US-PGPUB; USPAT; [OR ON ON 2023/09/06
G06F18/214 OR USOCR; FIT (CN, FR, 07:48 AM
GO6N3/044 OR WO); FPRS; EPO;

G06T7/50 OR JPO; DERWENT;
G06T7/75 OR IBM_TDB)
G06T2207/30256 OR

GO6N3/0442 OR

GO6N3/045 OR

GO6N3/0464 OR

GO6N3/084 OR

GO6N3/09 OR

G06V10/82).cpc.

L7 540505 (Road OR street WITH [(US-PGPUB; USPAT; |OR ON ON 2023/09/06
lane WITH line WITH USOCR; FIT (CN, FR, 07:57 AM
bondar$3) SAME WO); FPRS; EPO;

(detect$3) JPO; DERWENT;
IBM_TDB)

L8 1856 (Road OR street WITH [(US-PGPUB; USPAT; |OR ON ON 2023/09/06

lane WITH line WITH USOCR; FIT (CN, FR, 07:59 AM
06/07/2024 08:11:39 PM Page 1 of 7
Workspace: 18527226 HB

0109




bondar$3) SAME WO); FPRS; EPO;
(detect$3) AND JPO; DERWENT;
(horizon WITH line) IBM_TDB)

L9 466 (Road OR street WITH [(US-PGPUB; USPAT; |OR ON ON 2023/09/06
lane WITH line WITH USOCR; FIT (CN, FR, 08:00 AM
bondar$3) SAME WO); FPRS; EPO;

(detect$3) SAME JPO; DERWENT;
(horizon WITH line) IBM_TDB)

L10 169 5 AND (Road OR street | (US-PGPUB; USPAT,; [OR ON ON 2023/09/06
WITH lane WITH line USOCR; FIT (CN, FR, 08:01 AM
WITH bondar$3) SAME |WO); FPRS; EPO;

(detect$3) SAME JPO; DERWENT;
(horizon WITH line) IBM_TDB)

L11 443 5 AND (Road OR street | (US-PGPUB; USPAT,; [OR ON ON 2023/09/06
WITH lane WITH line ) |USOCR; FIT (CN, FR, 08:03 AM
SAME (horizon WITH |WO); FPRS; EPO;
line) JPO; DERWENT;

IBM_TDB)

L12 1693 (Road OR street WITH [(US-PGPUB; USPAT; |OR ON ON 2023/09/06
lane WITH line ) SAME |USOCR; FIT (CN, FR, 08:03 AM
(horizon WITH line) WO); FPRS; EPO;

JPO; DERWENT;
IBM_TDB)

L13 30 12 AND (Lane WITH (US-PGPUB; USPAT; [OR ON ON 2023/09/06
mark$3) WITH (Horizon |USOCR; FIT (CN, FR, 08:04 AM
ADJ line) WO); FPRS; EPO;

JPO; DERWENT;
IBM_TDB)

L14 2 12 AND (Lane WITH (US-PGPUB; USPAT; [OR ON ON 2023/09/06
mark$3) WITH (Horizon |USOCR; FIT (CN, FR, 01:56 PM
ADJ line) SAME WO); FPRS; EPO;

(predict$3 OR JPO; DERWENT;
forecast$3) IBM_TDB)

L15 2 (Lane ADJ line) WITH [(US-PGPUB; USPAT; |OR ON ON 2023/09/06
(mark$3) WITH USOCR; FIT (CN, FR, 02:03 PM
(Horizon ADJ line) WO); FPRS; EPO;

SAME (predict$3) JPO; DERWENT;
IBM_TDB)

L16 4 (Lane ADJ line) SAME [(US-PGPUB; USPAT; |OR ON ON 2023/09/06
(Horizon ADJ line) USOCR; FIT (CN, FR, 02:04 PM
SAME (predict$3) WO); FPRS; EPO;

JPO; DERWENT;
IBM_TDB)

L17 57 (Road OR street WITH [(US-PGPUB; USPAT; |OR ON ON 2023/09/11
lane WITH line WITH USOCR; FIT (CN, FR, 12:31 PM
bondar$3) SAME WO); FPRS; EPO;

(detect$3) AND JPO; DERWENT;
(horizon WITH line) IBM_TDB)
SAME network

L18 28 (Road OR street WITH [(US-PGPUB; USPAT) |OR ON ON 2023/09/11
lane WITH line WITH 12:37 PM
bondar$3) SAME
(detect$3) AND
(horizon WITH line)

06/07/2024 08:11:39 PM Page 2 of 7

Workspace: 18527226

0110

HB




L19

L20

L21

L22

L23

L24

L25

L26

L27

28

869

869

452

2596

0

SAME network

(Road OR street WITH
lane WITH line WITH
bondar$3) SAME
(detect$3) AND
(horizon WITH line)
SAME (network)

(Road OR street WITH
lane WITH line WITH
bondar$3) SAME
(detect$3) AND
(horizon WITH line)
SAME (network WITH
receiv$3)

(Road OR street WITH
lane WITH line WITH
bondar$3) SAME
(detect$3) AND
(horizon WITH line)
SAME (network WITH
receiv$3 WITH ccd OR
camera OR imag$3)

(Road OR street WITH
lane WITH line WITH
bondar$3) SAME
(detect$3) AND
(horizon WITH line)
SAME (network near2
receiv$3 WITH ccd OR
camera OR imag$3)

(Road OR street WITH
lane WITH line WITH
bondar$3) SAME
(detect$3) AND
(horizon WITH line)
SAME (network near2
receiv$3 WITH ccd OR
camera)

(Road OR street WITH
lane WITH line WITH
bondar$3) SAME
(detect$3) AND
(horizon WITH line)
SAME (network near2
receiv$3 WITH camera)

(Road OR street WITH
lane WITH line WITH
bondar$3) SAME
(detect$3) AND
(horizon WITH line)
SAME (network WITH
receiv$3 WITH camera)

5 AND (network WITH
receiv$3 WITH camera)

(Road OR street WITH

(US-PGPUB;

(US-PGPUB;

(US-PGPUB;

(US-PGPUB;

(US-PGPUB;

(US-PGPUB;

(US-PGPUB;

(US-PGPUB;

(US-PGPUB;

USPAT)

USPAT)

USPAT)

USPAT)

USPAT)

USPAT)

USPAT)

USPAT)

USPAT)

OR

OR

OR

OR

OR

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

2023/09/11
12:44 PM

2023/09/11
12:56 PM

2023/09/12
10:40 AM

2023/09/12
10:41 AM

2023/09/12
10:41 AM

2023/09/12
10:41 AM

2023/09/12
10:42 AM

2023/09/12
12:04 PM

2023/09/12

06/07/2024 08:11:39 PM

Workspace: 18527226

0111

Page 3 of 7

HB




L28

L29

L30

L31

L32

L33

L34

L35

L36

850

477

133

lane WITH line WITH
bondar$3) SAME
(horizon WITH line)
SAME (network WITH
receiv$3 WITH camera)

(Road OR street WITH
lane ADJ line) SAME
(horizon WITH line)
SAME (boundary)
SAME (network WITH
receiv$3 WITH camera)

(Road OR street WITH
lane ADJ line) SAME
(horizon WITH line)
SAME (network WITH
receiv$3 WITH camera)

(Road OR street WITH
lane ADJ line) SAME
(network WITH receiv$3
WITH camera)

(Road OR street WITH
lane ADJ line) SAME
(network WITH receiv$3
WITH camera WITH
imag$3)

5 AND (Road OR street
WITH lane ADJ line)
SAME (network WITH
receiv$3 WITH camera
WITH imag$3)

5 AND (Road OR street
WITH lane ADJ line)
SAME (network WITH
receiv$3 WITH camera
WITH imag$3) AND
(horizion ADJ Line)

5 AND (Road OR street
WITH lane ADJ line)
SAME (network WITH
receiv$3 WITH camera
WITH imag$3) AND
(horizon ADJ Line)

5 AND (Road OR street
WITH lane ADJ line)
SAME (network WITH
receiv$3 WITH camera
WITH imag$3) SAME
(horizon ADJ Line)

(Road OR street WITH
lane ADJ line) SAME
(network WITH receiv$3
WITH camera WITH
imag$3) SAME (horizon
ADJ Line)

(US-PGPUB;

(US-PGPUB;

(US-PGPUB;

(US-PGPUB;

(US-PGPUB;

(US-PGPUB;

(US-PGPUB;

(US-PGPUB;

(US-PGPUB;

USPAT)

USPAT)

USPAT)

USPAT)

USPAT)

USPAT)

USPAT)

USPAT)

USPAT)

OR

OR

OR

OR

OR

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

12:05 PM

2023/09/12
12:13 PM

2023/09/12
12:13 PM

2023/09/12
12:13 PM

2023/09/12
12:13 PM

2023/09/12
12:14 PM

2023/09/12
12:14 PM

2023/09/12
12:15 PM

2023/09/12
12:15 PM

2023/09/12
12:15 PM

06/07/2024 08:11:39 PM
Workspace: 18527226

0112

Page 4 of 7

HB




L37 0 31 AND annotat (US-PGPUB; USPAT) |OR ON ON 2023/09/12
03:20 PM

L38 22 31 AND (annotat$3 (US-PGPUB; USPAT) |OR ON ON 2023/09/12
WITH accuracy) 03:20 PM

L39 18 32 AND (annotat$3 (US-PGPUB; USPAT) |OR ON ON 2023/09/12
WITH accuracy) 03:21 PM

L40 0 32 AND (annotat$3 (US-PGPUB; USPAT) |OR ON ON 2023/09/12
WITH accuracy WITH 03:24 PM
lines)

L41 0 32 AND (annotat$3 (US-PGPUB; USPAT) |OR ON ON 2023/09/12
WITH accuracy WITH 03:24 PM
line)

L42 0 32 AND (annotat$3 (US-PGPUB; USPAT) |OR ON ON 2023/09/12
WITH accuracy WITH 03:24 PM
land)

L43 0 32 AND (annotat$3 (US-PGPUB; USPAT) |OR ON ON 2023/09/12
WITH accuracy WITH 03:24 PM
lane)

L44 18 32 AND (annotat$3 (US-PGPUB; USPAT) |OR ON ON 2023/09/12
WITH accuracy) 03:24 PM

L45 0 (predict$3 WITH (US-PGPUB; USPAT; |OR ON ON 2023/11/18
horizion ADJ line) USOCR; FIT (CN, FR, 09:31 AM

WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L46 53 (predict$3 WITH (US-PGPUB; USPAT; |OR ON ON 2023/11/18

horizon ADJ line) USOCR; FIT (CN, FR, 09:31 AM
WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L47 18 (predict$3 ) SAME (US-PGPUB; USPAT; |OR ON ON 2023/11/18
(detect$3 WITH horizon [USOCR; FIT (CN, FR, 09:32 AM
ADJ line) WO); FPRS; EPO;

JPO; DERWENT;
IBM_TDB)

L48 346 (detect$3 WITH horizon [(US-PGPUB; USPAT; |OR ON ON 2023/11/18
ADJ line) WITH USOCR; FIT (CN, FR, 09:42 AM
(imag$3) WO); FPRS; EPO;

JPO; DERWENT;
IBM_TDB)

L49 3220 (camera WITH (US-PGPUB; USPAT; |OR ON ON 2023/11/18
parameter) SAME (Line [USOCR; FIT (CN, FR, 09:44 AM
near2 detect$3) WO); FPRS; EPO;

JPO; DERWENT;
IBM_TDB)

L50 2061 (camera WITH (US-PGPUB; USPAT; |OR ON ON 2023/11/18
parameter) WITH (Line |USOCR; FIT (CN, FR, 09:44 AM
near2 detect$3) WO); FPRS; EPO;

JPO; DERWENT;
IBM_TDB)

L51 36426 (camera ccd WITH (US-PGPUB; USPAT; |OR ON ON 2023/11/18
parameter) WITH (Line |USOCR; FIT (CN, FR, 09:45 AM
near2 detect$3) WO); FPRS; EPO;

06/07/2024 08:11:39 PM Page 5 of 7

Workspace: 18527226

0113

HB




JPO; DERWENT;
IBM_TDB)

L52 36326 (camera ccd near2 (US-PGPUB; USPAT; |OR ON ON 2023/11/18
parameter) WITH (Line |USOCR; FIT (CN, FR, 09:45 AM
near2 detect$3) WO); FPRS; EPO;

JPO; DERWENT;
IBM_TDB)

L53 46 (camera ccd near2 (US-PGPUB; USPAT; |OR ON ON 2023/11/18
parameter) WITH (Line |USOCR; FIT (CN, FR, 09:45 AM
near2 detect$3) AND WO); FPRS; EPO;

48 JPO; DERWENT;
IBM_TDB)

L54 53 (predict$3) WITH (US-PGPUB; USPAT; |OR ON ON 2023/11/18

(horizon ADJ line) USOCR; FIT (CN, FR, 02:40 PM
WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L55 36326 (camera ccd near2 (US-PGPUB; USPAT; |OR ON ON 2023/11/18
parameter) WITH (Line [USOCR; FIT (CN, FR, 02:40 PM
near2 detect$3) WO); FPRS; EPO;

JPO; DERWENT;
IBM_TDB)

L56 3 55 AND 54 (US-PGPUB; USPAT; |OR ON ON 2023/11/18
USOCR; FIT (CN, FR, 02:41 PM
WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L57 50974 (camera ccd near2 (US-PGPUB; USPAT; |OR ON ON 2023/11/18
parameter) SAME (Line [USOCR; FIT (CN, FR, 02:41 PM
near2 detect$3) WO); FPRS; EPO;

JPO; DERWENT;
IBM_TDB)

L58 16 (predict$3) WITH (US-PGPUB; USPAT; |OR ON ON 2023/11/18
(horizon ADJ line) IBM_TDB) 02:44 PM

L59 43 (horizon ADJ line) (US-PGPUB; USPAT; |OR ON ON 2023/11/18
SAME (lane ADJ line ) |IBM_TDB) 06:28 PM

L60 59 (horizon ADJ line) (US-PGPUB; USPAT; |OR ON ON 2023/11/18
SAME (lane ADJ line ) |USOCR; FIT (CN, FR, 06:28 PM

WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L61 53 (horizon ADJ line) (US-PGPUB; USPAT; |OR ON ON 2023/11/18
SAME (lane ADJ line ) |USOCR; FIT (CN, FR, 06:31 PM
SAME (markers OR WO); FPRS; EPO;
points) JPO; DERWENT;

IBM_TDB)

L62 14 ("11205284" OR (US-PGPUB; USPAT) |OR ON ON 2024/06/06
"20150177370" OR 07:31 PM
"20170177951" OR
"20180046867" OR
"20180262678" OR
"20190009166" OR
"20190034740" OR
"20190102674" OR

06/07/2024 08:11:39 PM Page 6 of 7

Workspace: 18527226
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"20190205667" OR
"20200357138" OR
"20210009166" OR
"20210049780" OR
"20220105947" OR
"20230106961").pn.
L63 9 "11875580" (US-PGPUB; USPAT; |OR ON ON 2024/06/06
USOCR; FIT (CN, FR, 07:34 PM
WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)
L64 1 "18527226" (US-PGPUB; USPAT; |OR ON ON 2024/06/06
USOCR; FIT (CN, FR, 08:08 PM
WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)
PE2E SEARCH - Search History (Interference)
Ref # Hits [Search Query DBs Default Plurals Briish Time Stamp
Operator Equivalents

N1 42 (horizon ADJ line) (US-PGPUB; USPAT) |OR ON ON 2023/11/18
SAME (lane ADJ line ) 06:36 PM
SAME (markers OR
points)

N2 211 (camera WITH (US-PGPUB; USPAT) |OR ON ON 2023/11/18
parameter) WITH (Line 06:36 PM
near2 detect$3)

N3 1 N2 AND N1 (US-PGPUB; USPAT) |OR ON ON 2023/11/18

06:39 PM
06/07/2024 08:11:39 PM Page7 of 7

Workspace: 18527226
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Application No. Applicant(s)

18/527,226 HASSAN et al.
Office Actlon Summary Examiner ArtUnit | AIA (FITF) Status
HOWARD D BROWN JR 2488 Yes

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING
DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed after SIX (6) MONTHS from the mailing
date of this communication.

- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.

- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any earned patent term
adjustment. See 37 CFR 1.704(b).

Status
1)@ Responsive to communication(s) filed on 12/01/2023.
03 A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon
2a)(] This action is FINAL. 2b) ¥ This action is non-final.

3)(J An election was made by the applicant in response to a restriction requirement set forth during the interview
on ; the restriction requirement and election have been incorporated into this action.

4)[J Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*
5) Claim(s) 21-40 is/are pending in the application.

5a) Of the above claim(s) _____is/are withdrawn from consideration.
6) (J Claim(s)___is/are allowed.
7) Claim(s) 21-40 is/are rejected.
8) [0 Claim(s) ____is/are objected to.
9) (OJ Claim(s) are subject to restriction and/or election requirement
* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a

participating intellectual property office for the corresponding application. For more information, please see
http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

Application Papers
10)(1] The specification is objected to by the Examiner.
11)[@ The drawing(s) filed on 12/01/2023 is/are: a)l¥] accepted or b){] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
Priority under 35 U.S.C. § 119

12)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)lJ All b)) Some**  ¢)(J None of the:
1.(]) Certified copies of the priority documents have been received.
2.0 Certified copies of the priority documents have been received in Application No.

3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).

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

Attachment(s)
1) Notice of References Cited (PTO-892) 3) [ Interview Summary (PTO-413)
. . Paper No(s)/Mail Date
2) Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) )
. 4) ] Other:
Paper No(s)/Mail Date 12/01/2023

U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20240606
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Application/Control Number: 18/527,226 Page 2
Art Unit: 2488

DETAILED ACTION
1. This Office Action is sent in response to Applicant’s communication received on
12/01/2023 for application number 18/527,226. The Office herby acknowledges receipt of the
following and placed of record in file: Specification, Drawings, Abstract, Oath/Declaration, and
claims.
Notice of Pre-AIA or AIA Status
2. The present application, filed on or after March 16, 2013, is being examined under the

first inventor to file provisions of the AIA.

Information Disclosure Statement
3. The information disclosure statement (IDS) submitted on 12/01/2023 is in accordance
with provisions of 37 CFR 1.97. Accordingly, the information disclosure statement is being
considered by the examiner.

Double Patenting

4. The nonstatutory double patenting rejection is based on a judicially created doctrine
grounded in public policy (a policy reflected in the statute) so as to prevent the unjustified or
improper timewise extension of the “right to exclude” granted by a patent and to prevent possible
harassment by multiple assignees. A nonstatutory double patenting rejection is appropriate where
the conflicting claims are not identical, but at least one examined application claim is not
patentably distinct from the reference claim(s) because the examined application claim is either
anticipated by, or would have been obvious over, the reference claim(s). See, e.g., In re Berg,
140 F.3d 1428, 46 USPQ2d 1226 (Fed. Cir. 1998); In re Goodman, 11 F.3d 1046, 29 USPQ2d

2010 (Fed. Cir. 1993); In re Longi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir. 1985); In re Van
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Ornum, 686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel, 422 F.2d 438, 164 USPQ 619
(CCPA 1970); In re Thorington, 418 F.2d 528, 163 USPQ 644 (CCPA 1969).

5. A timely filed terminal disclaimer in compliance with 37 CFR 1.321(c) or 1.321(d) may
be used to overcome an actual or provisional rejection based on nonstatutory double patenting
provided the reference application or patent either is shown to be commonly owned with the
examined application, or claims an invention made as a result of activities undertaken within the
scope of a joint research agreement. See MPEP § 717.02 for applications subject to examination
under the first inventor to file provisions of the AIA as explained in MPEP § 2159. See MPEP
§§ 706.02(1)(1) - 706.02(1)(3) for applications not subject to examination under the first inventor
to file provisions of the AIA. A terminal disclaimer must be signed in compliance with 37 CFR
1.321(b).

6. The USPTO Internet website contains terminal disclaimer forms which may be used.
Please visit www.uspto.gov/patent/patents-forms. The filing date of the application in which the
form is filed determines what form (e.g., PTO/SB/25, PTO/SB/26, PTO/AIA/25, or
PTO/AIA/26) should be used. A web-based eTerminal Disclaimer may be filled out completely
online using web-screens. An eTerminal Disclaimer that meets all requirements is auto-
processed and approved immediately upon submission. For more information about eTerminal
Disclaimers, refer to www.uspto.gov/patents/process/file/efs/guidance/eTD-info-1.jsp.

7. Claims 21-22, 28 are rejected on the ground of nonstatutory double patenting as being
unpatentable over claims 1, 5, 8 of U.S. Patent No. 11,875,580. Although the claims at issue are
not identical, they are not patentably distinct from each other: Table 1 shows comparison

between the instant claims and the U.S. Patent 11,875,580 B1 claims.
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See Table:

Page 4

App: 18/527,226
21. (New) A method comprising: receiving an

image of a roadway recorded by a camera
device installed within a vehicle;

detecting a horizon line in the image;
overlaying a line on the image to generate an
overlaid image;

transmitting the overlaid image to a
computing device over a network;

receiving a modification of the line from the
computing device, the modification
comprising a new line at a second position;
computing a camera parameter based on the
new line;

and transmitting data representing the camera

parameter to the camera device.

Patent: 11,875,580
1. A method comprising: receiving, over a

network from a camera device, a video
comprising a set of image frames;
identifying one or more lines in the video
using a predictive model, the one or more
lines including a horizon line;

computing at least one camera parameter
based on the one or more lines;

overlaying the one or more lines on the video
to generate an overlaid video;

transmitting the overlaid video to an annotator
device for manual review;

receiving a confirmation from the annotator
device, the confirmation indicating that the
one or more lines are accurate;

and transmitting data representing the at least

one camera parameter to the camera device.

22. (New) The method of claim 21, wherein
the camera parameter comprises one of
camera height, viewing angle, and road plane

normal.

5. The method of claim 1, wherein the at least
one camera parameter comprises a camera

height and road plane normal.
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Page 5

28. (New) A non-transitory computer-
readable storage medium for tangibly storing
computer program that, when executed by a
computer processor, perform operations of:
receiving an image of a roadway recorded by
a camera device installed within a vehicle;
detecting a horizon line in the image;
overlaying a line on the image to generate an
overlaid image; transmitting the overlaid
image to a computing device over a network;
receiving a modification of the line from the
computing device, the modification
comprising a new line at a second position;
computing a camera parameter based on the
new line; and transmitting data representing

the camera parameter to the camera device.

8. A method comprising: receiving a video,
the video comprising one or more image
frames; generating a set of intermediate
features representing the video using a
backbone network; inputting the set of
intermediate features into a lane or horizon
prediction head, the lane or horizon prediction
head comprising a neural network; predicting
a horizon line using the lane or horizon
prediction head, the horizon line comprising a
set of horizon markers; and using the horizon
line to compute at least one camera

parameter.

Claim Rejections - 35 USC § 103

8. The following is a quotation of 35 U.S.C. 103 which forms the basis for all obviousness

rejections set forth in this Office action:

A patent for a claimed invention may not be obtained, notwithstanding that the claimed invention is not
identically disclosed as set forth in section 102, if the differences between the claimed invention and the
prior art are such that the claimed invention as a whole would have been obvious before the effective
filing date of the claimed invention to a person having ordinary skill in the art to which the claimed
invention pertains. Patentability shall not be negated by the manner in which the invention was made.
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9. The factual inquiries for establishing a background for determining obviousness under 35
U.S.C. 103 are summarized as follows:

1. Determining the scope and contents of the prior art.

2. Ascertaining the differences between the prior art and the claims at issue.

3. Resolving the level of ordinary skill in the pertinent art.

4. Considering objective evidence present in the application indicating obviousness or
nonobviousness.
10. This application currently names joint inventors. In considering patentability of the
claims the examiner presumes that the subject matter of the various claims was commonly
owned as of the effective filing date of the claimed invention(s) absent any evidence to the
contrary. Applicant is advised of the obligation under 37 CFR 1.56 to point out the inventor and
effective filing dates of each claim that was not commonly owned as of the effective filing date
of the later invention in order for the examiner to consider the applicability of 35 U.S.C.
102(b)(2)(C) for any potential 35 U.S.C. 102(a)(2) prior art against the later invention.
11. Claim(s) 21-40 is/are rejected under 35 U.S.C. 103 as being unpatentable over Kwant1 et
al., [US Pub. No.: 2019/0034740 A1] Kwant2 et al., [US Pub. No.: 2019/0102674 Al].
Re. Claim 21. Kwantl discloses

A method comprising: receiving an image of a roadway recorded by a camera device

installed within a vehicle [network for receiving image signals from a vehicle camera of

a roadway |Fig.1 el 113, 0076, 0081];

detecting a horizon line in the image [determining a horizontal line in the image at

which a maximum number of the one or more extended road lanes crosses over a

minimum horizontal extent of the horizontal line |Abstract];
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overlaying a line on the image to generate an overlaid image [Fig.4 401A-C];
transmitting the overlaid image to a computing device over a network [In step 607, the
horizon estimation platform 105 labels or annotates one or more map features depicted
in the image based on the horizon|Fig.1 el 100, Fig.6 Step 607, 0071],

In the same field of endeavor Kwant2 discloses:
receiving a modification of the line from the computing device, the modification
comprising a new line at a second position [The learner module then computes an
accuracy of the predictions for the initial set of model parameters. If the accuracy or
level of performance does not meet a threshold or configured level, the learner module
incrementally adjusts the model parameters until the model generates predictions at a
desired or configured level of accuracy with respect to the manually annotated labels in
the training data (e.g., the ground truth data).|0051],
computing a camera parameter based on the new line [The machine learning system 103
generates respective distributions or probability models for the training set 401 and the
reservoir set 405 according to the various embodiments described herein. These
distributions are combined into a single model (e.g., the sampling distribution 401)
describing a candidate observation 407's similarity to the training set and/or the
candidate pool at evaluation time to either accept or reject the candidate observation
407 from the reservoir set 405 for annotation and inclusion in the training data set
403];
and transmitting data representing the camera parameter to the camera device [data

representing camera parameter to the camera device |Fig. 8a].
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Therefore, it would have been obvious to one with ordinary skill in the art before the effective
filing date of the claimed invention to combine the horizon estimation using lane lines of
Kwantl with Kwant?2 for selecting representative training observations for annotation in machine

learning model.

Re. Claim 22, Kwantl discloses:
The method of claim 21, wherein the camera parameter comprises one of camera height, viewing

angle, and road plane normal [camera height, viewing angle and roadway parameters |Fig.3,

0051,0082].

Re. Claim 23, Kwantl discloses:
The method of claim 21, wherein receiving the image of the roadway comprises receiving an
image of the roadway while the vehicle is moving [images roadway are received during vehicle

operation |Fig.4a-b, 5a-c].

Re. Claim 24, Kwantl discloses:
The method of claim 23, wherein receiving the image of the roadway while the vehicle is
moving comprises detecting that the vehicle is traveling above a pre-defined speed or for a pre-

defined duration [vehicle speed and roadway speed level information is tracked and or received

|0099, 0101].

Re. Claim 25, Kwantl discloses:
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The method of claim 21, wherein transmitting the overlaid image to the computing device over
the network comprises transmitting the overlaid image to a web-based application [components
of the horizon estimation system capable to transmit images over a network to a web-based

application |Fig.1, 0038, 0056, 0063, 0081].

Re. Claim 26, Kwantl discloses:

The method of claim 21, wherein receiving the modification of the line from the computing
device comprises receiving an identification of a new horizon line by a user of the computing
device [to account for variances in the slopes of the roadway, the horizon estimation platform
105 detects a slope of the roadway, and adjusts the horizon based on the slope. The horizon
estimation platform 105, for instance, can determine the slope from one or more sensors of a
vehicle... to the examiner adjusting horizon line is identifying a new horizon based captured

sensor data [0057].

Re. Claim 27, the rejection of claim 1 is incorporated herein.

Kwantl & Kwant2 discloses the claim limitations, as follows:

The method of claim 21, wherein transmitting the data representing the camera parameter to the
camera device [Kwant2: data representing camera parameter to the camera device |Fig. 8a]
further comprises recomputing the camera parameter based on the modification of the line
[Kwantl: a parametric representation of a line can have 12 parameters in one set to describe a

single lane line. |0013].

Re. Claim 28, This claim is interpreted and rejected for the same reason set forth in claim 21.
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Re. Claim 29, This claim is interpreted and rejected for the same reason set forth in claim 22.

Re. Claim 30, This claim is interpreted and rejected for the same reason set forth in claim 23.

Re. Claim 31, This claim is interpreted and rejected for the same reason set forth in claim 24.

Re. Claim 32, This claim is interpreted and rejected for the same reason set forth in claim 25.

Re. Claim 33, This claim is interpreted and rejected for the same reason set forth in claim 26.

Re. Claim 34, This claim is interpreted and rejected for the same reason set forth in claim 27.

Re. Claim 35, This claim is interpreted and rejected for the same reason set forth in claim 1 & 28

including a device comprising: a processor [Fig. 14, box 1403],

and a storage medium for tangibly storing thereon program logic for execution by the processor

[Fig. 14 box 1405].

Re. Claim 36, This claim is interpreted and rejected for the same reason set forth in claims 23 &

30.

Re. Claim 37, This claim is interpreted and rejected for the same reason set forth in claims 24 &

31.
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Re. Claim 38, This claim is interpreted and rejected for the same reason set forth in claims 25 &

32.

Re. Claim 39, This claim is interpreted and rejected for the same reason set forth in claims 26 &

33.

Re. Claim 40, This claim is interpreted and rejected for the same reason set forth in claims 27 &
34.
Conclusion

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to HOWARD D BROWN JR whose telephone number is (571)272-
4371. The examiner can normally be reached Monday - Friday 7:30AM - 5:00PM EST.

Examiner interviews are available via telephone, in-person, and video conferencing using
a USPTO supplied web-based collaboration tool. To schedule an interview, applicant is
encouraged to use the USPTO Automated Interview Request (AIR) at
http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Sathyanarayanan Perungavoor can be reached on 5712727455. The fax phone
number for the organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of published or unpublished applications may be
obtained from Patent Center. Unpublished application information in Patent Center is available

to registered users. To file and manage patent submissions in Patent Center, visit:
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https://patentcenter.uspto.gov. Visit https://www.uspto.gov/patents/apply/patent-center for more
information about Patent Center and https://www.uspto.gov/patents/docx for information about
filing in DOCX format. For additional questions, contact the Electronic Business Center (EBC)
at 866-217-9197 (toll-free). If you would like assistance from a USPTO Customer Service
Representative, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

HOWARD D. BROWN JR
Primary Examiner
Art Unit 2488

/HOWARD D BROWN JR/
Examiner, Art Unit 2488
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Dear Applicant,

You recently received an Office action from your examiner, Review of your potent application is under way! You con continue fo
advertise or mark any products covered by your application for vour invention as “Patent Pending” for as long as this application is
pending. This letter provides information about how to continue through the patent application process and the help available to you
on your fouraey.

Where are you in the patent application process? Your Become 3 registered electronic filer (registered eFiler). As a
patent application is now in step 3, Application Prosecution registered efFiler, you can electronically view your submission,
{(www.uspto gov/UtilityPatentGuide.) Though the Office action  track progress of your application, and respond to USPTO
includes a “rejection,” that does not mean that you don't have correspondence. (www.usptogov/NewPatentFilers)

a good idea you can patent. It means your examiner belisves Contact us

your application is not yet ready for allowance. _ .
) \ o « General i*f-)r mation: USPTO Contact Canter —
Ready to respond? Responding to the Offica action is vour 800-786-3159 « TTY/TDD 800-877-8

opportunity to address the issues raised by your examiner,

Responses must be imely, complets, and in writing. In your

response, you may want to consider amending vour application

(www.uspto.gov/patents/maintain/responding-office-actions). wyrw.usoto.gov/EBC

= Inventors Assistance Center
www.uspio.zov/inventorassisiance
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833
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Patent Center: Patent Electronic Businass Center
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indapendant inventors without an agent or attorney. Visit

www,uspio.gov/ProSePatents for a consolidated list of Want to learn more?
resources, including a sample amendment format. Full o

Hear about resources for startups, inventors, and
description of amendment formatting can be found at

www.uspio.soviwebsotiices/pac/mpen/s7id html. Call us at
E66-767-3848, or email proseassistancecenter@usplo.goy.

entrepreneurs, as wall as our initiatives engaging women,
the military community, and others. These programs offer
helpful tips and tricks on identifying and managing yvour iP,

Have questions about the Office action? Contact vour finding options for funding, and expanding your network to
examinar! A conversation with vour examiner (called an support vour business.
interview™) may help clarify and resolve any issues and - WWW.LSDLO.20V/Startuns

possibly identify what you can patent. While an interview does

. P . - www.uspto.gov/inventors
not stop the clock for your official response or substitute for a -

response, there is no fee for an interview. To schedule a call or - www.usplo.gov/initiativas
video, you can: * Access our fres servicas all in one spot. Find all of cur
1. use the USPTO's Automated Interview Reguest (AIR) contact centers, nationwide services, events, education
form (www.uspto.gov/patents/uspto-automated- and training. (www.uspto.gov/FraelServicas)
interview-request-alr-form); o Connect with us on instagram, Linkedin, Twitter, Facebook,
2. file the Applicant initiated interview Reguest form and YouTube.
(PTOL-413A) (www.usplo. gov/sites/default/diles/ s Hear about the great things we are doing by subscribing at
documents/PTOLAIZA pd); or www. uspio.sov/subscribe.

3. contact your examiner directly via telephone {contact
information is provided at the end of your Office action).

Need help near you? We have regional offices across the
country (www.uspto.gov/locations), as well as Patent and
Trademark Resource Centers in libraries in nearly every state
{www.uspto.gov/pire), with specialists standing by to help you Vaishali Udupa
al no cost

Commissioner for Patents
United States Patent and Trademark Office
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Inventor(s) A. Hassan et al. Examiner H. Brown Jr.
Serial No. 18/527,226 Art Unit 2488

Filed Dec. 1, 2023 Confirmation 7088

Title CAMERA INITIALIZATION FOR LANE

DETECTION AND DISTANCE ESTIMATION
USING SINGLE-VIEW GEOMETRY

RESPONSE TO OFFICE ACTION

COMMISSIONER FOR PATENTS
P.O. Box 1450
ALEXANDRIA, VA 22313-1450

Dear Sir;

In response to the Office Action dated June 12, 2024, please reconsider the application in

view of the following remarks.

0131



Docket No. 189908-000302
Appl. No. 18/527,226
Response to Office Action

LISTING OF THE CLAIMS

The following listing of claims replaces all previous listings.

1-20. (Canceled)

21.

22.

(Previously Presented) A method comprising:

receiving an image of a roadway recorded by a camera device installed within a

vehicle;
detecting a horizon line in the image;
overlaying a line on the image to generate an overlaid image;
transmitting the overlaid image to a computing device over a network;

receiving a modification of the line from the computing device, the modification

comprising a new line at a second position;
computing a camera parameter based on the new line; and
transmitting data representing the camera parameter to the camera device.

(Previously Presented) The method of claim 21, wherein the camera parameter

comprises one of camera height, viewing angle, and road plane normal.

23.

(Previously Presented) The method of claim 21, wherein receiving the image of the

roadway comprises receiving an image of the roadway while the vehicle is moving.

24.

(Previously Presented) The method of claim 23, wherein receiving the image of the

roadway while the vehicle is moving comprises detecting that the vehicle is traveling above

a pre-defined speed or for a pre-defined duration.
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25.  (Previously Presented) The method of claim 21, wherein transmitting the overlaid
image to the computing device over the network comprises transmitting the overlaid image

to a web-based application.

26.  (Previously Presented) The method of claim 21, wherein receiving the modification
of the line from the computing device comprises receiving an identification of a new

horizon line by a user of the computing device.

27.  (Previously Presented) The method of claim 21, wherein transmitting the data
representing the camera parameter to the camera device further comprises recomputing the

camera parameter based on the modification of the line.

28. (Previously Presented) A non-transitory computer-readable storage medium for
tangibly storing computer program that, when executed by a computer processor, perform

operations of

receiving an image of a roadway recorded by a camera device installed within a

vehicle;
detecting a horizon line in the image;
overlaying a line on the image to generate an overlaid image;
transmitting the overlaid image to a computing device over a network;

receiving a modification of the line from the computing device, the modification

comprising a new line at a second position;
computing a camera parameter based on the new line; and

transmitting data representing the camera parameter to the camera device.
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29. (Previously Presented) The non-transitory computer-readable storage medium of
claim 28, wherein the camera parameter comprises one of camera height, viewing angle,

and road plane normal.

30. (Previously Presented) The non-transitory computer-readable storage medium of
claim 28, wherein receiving the image of the roadway comprises receiving an image of the

roadway while the vehicle is moving.

31 (Previously Presented) The non-transitory computer-readable storage medium of
claim 30, wherein receiving the image of the roadway while the vehicle is moving
comprises detecting that the vehicle is traveling above a pre-defined speed or for a pre-

defined duration.

32.  (Previously Presented) The non-transitory computer-readable storage medium of
claim 28, wherein transmitting the overlaid image to the computing device over the

network comprises transmitting the overlaid image to a web-based application.

33.  (Previously Presented) The non-transitory computer-readable storage medium of
claim 28, wherein receiving the modification of the line from the computing device
comprises receiving an identification of a new horizon line by a user of the computing

device.

34.  (Previously Presented) The non-transitory computer-readable storage medium of
claim 28, wherein transmitting the data representing the camera parameter to the camera
device further comprises recomputing the camera parameter based on the modification of

the line.
35. (Previously Presented) A device comprising:
a processor; and

a storage medium for tangibly storing thereon program logic for execution by the

processor, the program logic comprising logic for:
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receiving an image of a roadway recorded by a camera device installed within

a vehicle;
detecting a horizon line in the image;
overlaying a line on the image to generate an overlaid image;
transmitting the overlaid image to a computing device over a network;

receiving a modification of the line from the computing device, the

2

modification comprising a new line at a second position;
computing a camera parameter based on the new line; and
transmitting data representing the camera parameter to the camera device.

36.  (Previously Presented) The device of claim 35, wherein receiving the image of the

roadway comprises receiving an image of the roadway while the vehicle is moving.

37.  (Previously Presented) The device of claim 36, wherein receiving the image of the
roadway while the vehicle is moving comprises detecting that the vehicle is traveling above

a pre-defined speed or for a pre-defined duration.

38.  (Previously Presented) The device of claim 35, wherein transmitting the overlaid
image to the computing device over the network comprises transmitting the overlaid image

to a web-based application.

39.  (Previously Presented) The device of claim 35, wherein receiving the modification
of the line from the computing device comprises receiving an identification of a new

horizon line by a user of the computing device.

40.  (Previously Presented) The device of claim 35, wherein transmitting the data
representing the camera parameter to the camera device further comprises recomputing the

camera parameter based on the modification of the line.
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REMARKS

Claims 21 through 40 are pending. Applicant previously canceled claims 1 through 20

without prejudice.
1 Double Patenting

The Office Action rejects claims 21, 22, and 28 on the grounds of non-statutory double
patenting over claims 1, 5, and 8 of parent U.S. Pat. No. 11,875,580 (the “’580 Patent™).
While Applicant does not concede that the rejection is proper, Applicant will file a terminal

disclaimer in due course.
2 Rejections under 35 U.S.C. § 103

The Office Action rejects claims 1 through 20 under 35 U.S.C. § 103 over U.S. Pat. Pub.
No. 2019/0034740 (“Kwant1”) and U.S. Pat. Pub. No. 2019/0102674 (“Kwant2”).

Applicant respectfully disagrees and traverses.

Kwant1 describes a system for “estimating a vanishing point or horizon in an image
depicting one or more lanes of a roadway.”! In short, Kwantl builds a lane model and
extends road lanes through a potential horizon.? Kwantl then includes “determining a
horizontal line in the image at which a maximum number of the one or more extended road

93

lanes crosses over a minimum horizontal extent of the horizontal line.”” This horizontal

line is then used as the horizon.*
With respect to claim 21, the Office Action contend that Kwant1 teaches or suggests:

overlaying a line on the image to generate an overlaid image; [and]

1 Kwant] at Abstract.
2 See id.

31d.

41d.
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transmitting the overlaid image to a computing device over a network.
Applicant respectfully disagrees.

Notably, Kwantl never performs any type of visualization of the horizon line. Instead,
Kwant1 at most describes using a horizon line as a tool for other operations that do not
include visualizing the horizon. Specifically, and as cited by the Office Action, Kwantl
describes “annotating” images.” However, these annotations do not involve “overlaying”
the horizon as claimed. Instead, they refer to annotating other objects (e.g., signs) by using
the horizon line as a point of reference.® Thus, Applicant disagrees and asserts that Kwant1

fails to describe the overlaying and transmitting steps quoted above.
Claim 21 further recites:

receiving a modification of the line from the computing device, the
modification comprising a new line at a second position;

computing a camera parameter based on the new line; and
transmitting data representing the camera parameter to the camera device.

The Office Action concedes that Kwantl fails to teach or suggest this process. Applicant
agrees. Similar to the discussion above, Kwantl describes various ways in which the
horizon can be used for other operations.” What Kwant1 does not disclose however is
modifying the horizon. Indeed, Kwant1 assumes that the algorithm used to compute the

horizon is accurate.

5 See generally id. at 71,

6 Id. (“The horizon estimation platform 105 can localize the any detected objects in the image 843 (e.g., the
sign 845) by localizing the sign 845 based, at least in part, on a distance 847 to the estimated horizon, and
then identifying the localized sign 845 by querying the geographic database for the HD location information
for a matching sign in the geographic database 111.”)

7 See generally id. at FIG. 6 and accompanying discussion.
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The Office Action cites Kwant2 as remedying this deficiency of Kwantl. Applicant

respectfully disagrees.

The cited portions of Kwant2 describe a machine learning system which includes a “learner
module.”® Notably, Kwant2’s discussion of this learner module is, essentially, describing

backpropagation with a loss function:

For example, during training, the machine learning system 103 uses a
learner module that feeds feature sets from the training data set into the
machine learning model to compute a predicted matching feature using an
initial set of model parameters. The learner module then compares the
predicted matching probability and the predicted feature to the ground truth
data (e.g., the manually annotated feature labels) in the training data set for
each observation (e.g., image) used for training. The learner module then
computes an accuracy of the predictions for the initial set of model
parameters. If the accuracy or level of performance does not meet a
threshold or configured level, the learner module incrementally adjusts the
model parameters until the model generates predictions at a desired or
configured level of accuracy with respect to the manually annotated labels
in the training data (e.g., the ground truth data). °

That is, the learner module makes a prediction on an input feature, compares the prediction
to a ground truth label, and adjusts the model parameters until the predictions meet the

desired accuracy rate.
This is not what is claimed.

Claim 21 recites “receiving a modification of the line from the computing device, the
modification comprising a new line at a second position.” Putting aside that Kwant2
describes a model training process (not a verification), nothing in Kwant2 describes
computing a “new line at a second position.” By contrast, Kwant2 describes predicting a
“label” and the comparing it to a known label. This is a fundamentally different operation.

For example, if one were to apply Kwant2 to a horizon line, it would require Kwant2 to

8 Kwant2 at 9 50.
°Id.
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receive an image with a horizon line, compute a label (e.g., “accurate” or “not accurate”)
and compare that to a ground truth label to backpropagate and tune the model. At no point
does Kwant2 describe a generative step of computing a new line in this type of operation.
As a second example, even if the labels in Kwant2 were horizontal lines,'® there is no
evidence that Kwant2 receives a horizontal line, predicts a new horizontal line, and then
compares the new horizontal line to a third horizontal line. Indeed, at best, one would
assume that Kwant2 receive a image with no horizon, compute the horizon, then compare
the computed horizon to an expected horizon. In this example, there is no “modification”

of aline.

Even if Kwant2 were construed to describe a generative model (a point not conceded),
Kwant?2 fails to describe “computing a camera parameter based on the new line.” First, it
is unclear what portion of Kwant2 is cited for this feature as the Office Action refers to

“FIG. 8 A” which appears in Kwant1 and not Kwant2.

Applicant notes, however, that the “parameters” tuned in Kwant2 are not camera
parameters, they are internal weights and biases of a neural network. Simply stated, the
parameters tuned in Kwant2 have no relation to a camera, but are related instead to how
the machine learning system processes feature vectors. By contrast, the claims camera
parameters are specifically related to the operation of a camera. As described in the
specification, the horizon line can be used to adjust the settings of a camera via camera
parameters. This operation is wholly absent from Kwant2. Further, FIG. 8 A of Kwantl
merely describes an alert that a lane model is inconsistent. This alert does compute or
update a camera parameter, it merely alerts the user of a problem. As such, neither

references teaches or suggests the claimed camera parameter.

For these reasons, Applicant asserts that the cited art fails to teach or suggest each and

every element of claim 1. Further, the remaining independent recite similar elements and

19 Applicant does not concede Kwant2 operates at all in this manner, but merely presents this example to
expedite prosecution. Specifically, Kwant2 only describes “feature labels” which cannot reasonably be
interpreted as representing geometric objects.

0139



Docket No. 189908-000302
Appl. No. 18/527,226
Response to Office Action

are thus allowable over the cited art for at least the same reasons. Finally, the dependent
claims are allowable over the cited art for at least the reasons set forth with respect to the

independent claims.

As aresult, the cited prior art, alone or in combination, fails to teach or suggest all elements
of the claims, and thus Applicant respectfully requests the withdrawal of the rejection based

upon such combination.

3 Conclusion

It is respectfully submitted that all of the Examiner’s objections have been successfully
traversed and that the application is now in order for allowance. Accordingly,
reconsideration of the application and allowance thereof is courteously solicited.
Authorization is hereby provided to charge any fees which may be required for the present

filing, or credit any overpayment, to Deposit Account No. 50-2638.

Respectfully submitted,
/George Zalepa/
George Zalepa

Reg. No. 72,706

GREENBERG TRAURIG, LLP
CUSTOMER NUMBER 32361
Phone: (973) 443-3241
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any patent so granted on the instant application shall be enforceable only for and during such period that it and the

prior patent are commonly owned. This agreement runs with any patent granted on the instant application and is

binding upon the grantee, its successors or assigns.

In making the above disclaimer, the owner does not disclaim the terminal part of the term of any patent granted on

the instant application that would extend to the expiration date of the full statutory term of the prior patent, "as the

term of said prior patent is presently shortened by any terminal disclaimer,” in the event that said prior patent later:

« expires for failure to pay a maintenance fee;

« is held unenforceable;

« is found invalid by a court of competent jurisdiction;

« is statutorily disclaimed in whole or terminally disclaimed under 37 CFR 1.321;

+ has all claims canceled by a reexamination certificate;

* is reissued; or

« is in any manner terminated prior to the expiration of its full statutory term as presently shortened by any terminal
disclaimer.

\\\%\\\‘\\ Terminal disclaimer fee under 37 CFR 1.20(d) included with Electronic Terminal Disclaimer request.
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Applicant claims the following entity status:
Regular Undiscounted

| hereby declare that all statements made herein of my own knowledge are true and that all statemnts made on
information and belief are believed to be true; and further that these statements were made with the knowledge that
willful false statements and the like so made are punishable by fine or imprisonment, or both, under Section 1001 of
Title 18 of the United States Code and that such willful false statements may jeopardize the validity of the
application or any patent issued thereon.

| certify, in accordance with 37 CFR 1.4(d)(4) that | am: An attorney or agent registered to practice before the
Patent and Trademark Office who is of record in this application

Signature Name Registration #

/George Zalepa/ George Zalepa 72706

* Statement under 37 CFR 3.73(b) is required if terminal disclaimer is signed by the assignee (owner). Form
PTO/SB/96 may be used for making this certification. See MPEP 324.
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Doc Code: ECOMM.AUTH/ECOMM.WTDW
Doc Description: Internet Communications Authorization/Internet Communications Authorization Withdrawal

PTO/SB/439 (11-15)

/" AUTHORIZATION FOR INTERNET | Application No. 18/527,226
COMMUNICATIONS IN A PATENT | Filing Date December 1, 2023

APPLICATION OR REQUEST TO First Named Inventor | Al HASSAN
WITHDRAW AUTHORIZATION FOR | Artunit 2488

INTERNET COMMUNICATIONS | Examiner Name HOWARD D BROWN JR

Practitioner Docket No. |189908.000302 J
To: Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

I. To authorize permission for Internet Communications.

Recognizing that Internet communications are not secure, | hereby authorize the USPTO to communicate
with the undersigned and practitioners in accordance with 37 CFR 1.33 and 37 CFR 1.34 concerning any subject
matter of this application via video conferencing, instant messaging, or electronic mail. | understand that a copy
of these communications will be made of record in the application file. (MPEP 502.03)

Il. To withdraw authorization for Internet Communications.

D The authorization given on , to the USPTO to communicate with the undersigned
and any practitioner in accordance with 37 CFR 1.33 and 37 CFR 1.34 concerning any subject matter of this
application via Internet communications such as video conferencing, instant messaging, or electronic mail is
hereby withdrawn. | understand that the withdrawal is effective when approved rather than when received.

| am the

D applicant.

E attorney or agent of record. Registration number

72,706

D attorney or agent acting under 37 CFR 1.34. Registration number

IGeorge Zalepa/ September 20, 2024
Signature Date
George Zalepa 973-443-3241
Typed or printed name Telephone Number

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements and certifications. Juristic
entities must be represented by a patent practitioner (see 37 CFR 1.31, which is applicable to any paper filed on or after September 16,
2012, that is presented on behalf of a juristic entity, regardless of application filing date). Submit multiple forms if more than one signature
is required, see below*.

E * Total of 1 forms are submitted.
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Privacy Act Statement

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

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

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

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

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

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

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

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

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

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

9. Arecord from this system of records may be disclosed, as a routine use, to a Federal, State, or
local law enforcement agency, if the USPTO becomes aware of a violation or potential violation
of law or regulation.
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UNITED STATES PO Box 1450
PATENT AND TRADEMARK OEFICE Ao, Y e onto. oV

ELECTRONIC ACKNOWLEDGEMENT RECEIPT

APPLICATION # RECEIPT DATE / TIME ATTORNEY DOCKET #
18/527,226 09/20/2024 02:14:04 PM Z ET 189908.000302

Title of Invention

CAMERA INITIALIZATION FOR LANE DETECTION AND DISTANCE ESTIMATION USING SINGLE-
VIEW GEOMETRY

Application Information

APPLICATION TYPE  Utility - Nonprovisional Application PATENT #
under 35 USC 111(a)

CONFIRMATION # 7088 FILEDBY  Judi Cordo
PATENT CENTER # 67259448 FILING DATE  12/01/2023
CUSTOMER # 32361 FIRST NAMED  Ali HASSAN
INVENTOR
CORRESPONDENCE - AUTHORIZED BY  George Zalepa
ADDRESS
Documents TOTAL DOCUMENTS: 1
SIZE
DOCUMENT PAGES DESCRIPTION (KB)
189908_000302_authorizatio Internet Communications
n_for_internet_communicatio 2 . 182 KB
Authorization

n.pdf
Digest
DOCUMENT MESSAGE DIGEST(SHA-512)

8D99FAADAE46170F768ESF594E7310DD90D3778760431762F
B3D196E79AD9DD44E72989C8D932C62FD20F926CO9DBD62FF
B5614DEDA894F3FAOCAC3C1DD9E6518

189908_000302_authorization_
for_internet_communication.pdf

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

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for filing date (see 37 CFR 1.53(b)-(d)
and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this Acknowledgement
Receipt will establish the filing date of the application

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 U.S.C.
371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a national stage
submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for an
international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number and of the
International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning national security,
and the date shown on this Acknowledgement Receipt will establish the international filing date of the application.
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Noftice of Referernces Cited

Application/Control No.

Applicant(s)/Patent Under

18/527,226 Reexamination
HASSAN et al.
Examiner Art Unit
HOWARD D BROWN JR 2488 Page 1 of 1

U.S. PATENT DOCUMENTS

* Countzoggg‘fﬁ:gbf:sﬁg Code YYY\?-aI\t/IeM-DD Name CPC Classification US Classification
* | A | US-20190102674-A1 2019-04-04 KWANT; Richard GOB6F16/215 171
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*A copy of this reference is not being furnished with this Office action. (See MPEP § 707.05(a).)
Dates in YYYY-MM-DD format are publication dates. Classifications may be US or foreign.

U.S. Patent and Trademark Office
PTO-892 (Rev. 11-2023)
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Application/Control No.

Applicant(s)/Patent Under Reexamination

Search Nofes 18/527 226 HASSAN et al.
HMICAAIND =
HOWARD D BROWN JR 2488
CPC - Searched”
Symbol Date Examiner
(G06V20/588 09/19/2024 HB
GO06F18/214 09/19/2024 HB
GO6N3/044 09/19/2024 HB
G06T7/50 09/19/2024 HB
GO6T7/75 09/19/2024 HB
G06T2207/30256 09/19/2024 HB
GO6N3/0442 09/19/2024 HB
GO6N3/045 09/19/2024 HB
GO6N3/0464 09/19/2024 HB
GO6N3/084 09/19/2024 HB
GO6N3/09 09/19/2024 HB
G06V10/82 09/19/2024 HB
CPC Combination Sets - Searched*
Symbol Date Examiner
US Classification - Searched”
Class Subclass Date Examiner

* See search history printout included with this form or the SEARCH NOTES box below to determine the scope of

the search.

/HOWARD D BROWN JR/
Examiner, Art Unit 2488

U.S. Patent and Trademark Office

Page 1 of 2
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Application/Control No.

Applicant(s)/Patent Under Reexamination

Search Notes 18/527 226 HASSAN et al.
H““HH“ “HW ‘ HH“‘ o o
HOWARD D BROWN JR 2488
Search Notes
Search Notes Date Examiner
Search Strategy: US-PGPUB, USPAT, USOCR, JPO, EPO, 09/19/2024 HB
DERWENT including keywords, class/subclass, inventor, assignee
Interference Search
US Class/CPC US Subclass/CPC Group Date Examiner
Symbol
GO6N 3/08 09/19/2024 HB

/HOWARD D BROWN JR/
Examiner, Art Unit 2488

U.S. Patent and Trademark Office

Page 2 of 2
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Application/Control No. Applicant(s)/Patent Under Reexamination
Issue Classification |.g;5,7 226 HASSAN et al.
H “ ““H Examiner Art Unit
HOWARD D BROWN JR 2488
CPC
Symbol Type Version
Gosv 20 588 F 2022-01-01
GO06T 7 75 | 2017-01-01
GO6T 7 50 | 2017-01-01
GO6F 18 214 | 2023-01-01
GO6N 3 044 | 2023-01-01
GO06T 2207 30256 A 2013-01-01
CPC Combination Sets
Symbol Type Set Ranking Version
Use images from artifact folder?
NONE
Total Claims Allowed:
(Assistant Examiner) (Date) 20
/HOWARD D BROWN JR/ 19 September 2024 . . -
Examiner, Art Unit 2488 O.G. Print Claim(s}] O.G. Print Figure
(Primary Examiner) (Date) 1 1
U.S. Patent and Trademark Office Page 1 of 3 Part of Paper No.: 20240919
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/ssue Classification

Application/Control No.

Applicant(s)/Patent Under Reexamination

18/527,226 HASSAN et al.
Examiner Art Unit
HOWARD D BROWN JR 2488

INTERNATIONAL CLASSIFICATION

CLAIMED

GO6N

NON-CLAIMED

US ORIGINAL CLASSIFICATION

CLASS

SUBCLASS

CROSS REFERENCES(S)

CLASS

SUBCLASS (ONE SUBCLASS PER BLOCK)

Use images from artifact folder? % Yes “‘No

NONE

Total Claims Allowed:
(Assistant Examiner) (Date) 20
/HOWARD D BROWN JR/ 19 September 2024 ) ) -
Examiner, Art Unit 2488 O.G. Print Claim(s}] O.G. Print Figure
(Primary Examiner) (Date) 1 1

U.S. Patent and Trademark Office

Page 2 of 3
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Application/Control No. Applicant(s)/Patent Under Reexamination
Issue Classification |.g;5,7 226

(J Claims renumbered in the same order as presented by applicant (] CPA T.D. [ R1.47
CLAIMS

Final |Original|Final |Original|Final [Original|Final [Original|Final [Original]Final |Original]Final |Original]Final |Original
1 10 19 8 28 17 37
2 11 20 9 29 18 38
3 12 1 21 10 30 19 39
4 13 2 22 11 31 20 40
5 14 3 23 12 32
6 15 4 24 13 33
7 16 5 25 14 34
8 17 6 26 15 35
9 18 7 27 16 36

Use images from artifact folder?

NONE
Total Claims Allowed:
(Assistant Examiner) (Date) 20
/HOWARD D BROWN JR/ 19 September 2024 ) ) -
Examiner, Art Unit 2488 O.G. Print Claim(s}] O.G. Print Figure
(Primary Examiner) (Date) 1 1
U.S. Patent and Trademark Office Page 3 of 3 Part of Paper No.: 20240919
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PE2E SEARCH - Search History (Prior Art)

Ref # Hits Search Query DBs Default Plurals British Time Stamp
Operator Equivalents
L1 1 "17493011" (US-PGPUB; USPAT; [OR ON ON 2023/09/06
USOCR; FIT (CN, FR, 07:04 AM
WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L2 40 ((("MOTIVE") near3 (USPAT) OR ON ON 2023/09/06
("TECHNOLOGIES") 07:44 AM
near3
("INC"))).AS,AANM.

L3 1065 ((("HASSAN") near3 (US-PGPUB; USPAT; [OR ON ON 2023/09/06
("Ali")) OR (("ALI") USOCR; EPO; JPO; 07:44 AM
near3d ("Ahmed")) OR |DERWENT)

(("KAZMI") near3
("Syed") near3
("Wajahat") near3
("Ali"))).INV.

L4 3 ("20190009166" OR (US-PGPUB; USPAT) [OR ON ON 2023/09/06
"20210009166" OR 07:46 AM
"20210049780").pn.

L5 88562 (G06V20/588 OR (US-PGPUB; USPAT) [OR ON ON 2023/09/06
G06F18/214 OR 07:47 AM
GO6N3/044 OR
G06T7/50 OR
G06T7/75 OR
G06T2207/30256 OR
GO6N3/0442 OR
GO6N3/045 OR
GO6N3/0464 OR
GO6N3/084 OR
GO6N3/09 OR
G06V10/82).cpc.

L6 587992 (G06V20/588 OR (US-PGPUB; USPAT; [OR ON ON 2023/09/06
G06F18/214 OR USOCR; FIT (CN, FR, 07:48 AM
GO6N3/044 OR WO); FPRS; EPO;

G06T7/50 OR JPO; DERWENT;
G06T7/75 OR IBM_TDB)
G06T2207/30256 OR

GO6N3/0442 OR

GO6N3/045 OR

GO6N3/0464 OR

GO6N3/084 OR

GO6N3/09 OR

G06V10/82).cpc.

L7 540505 (Road OR street WITH [(US-PGPUB; USPAT; |OR ON ON 2023/09/06
lane WITH line WITH USOCR; FIT (CN, FR, 07:57 AM
bondar$3) SAME WO); FPRS; EPO;

(detect$3) JPO; DERWENT;
IBM_TDB)

L8 1856 (Road OR street WITH [(US-PGPUB; USPAT; |OR ON ON 2023/09/06

lane WITH line WITH USOCR; FIT (CN, FR, 07:59 AM
09/19/2024 11:54:41 PM Page 1 of 7
Workspace: 18527226 HB
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bondar$3) SAME WO); FPRS; EPO;
(detect$3) AND JPO; DERWENT;
(horizon WITH line) IBM_TDB)

L9 466 (Road OR street WITH [(US-PGPUB; USPAT; |OR ON ON 2023/09/06
lane WITH line WITH USOCR; FIT (CN, FR, 08:00 AM
bondar$3) SAME WO); FPRS; EPO;

(detect$3) SAME JPO; DERWENT;
(horizon WITH line) IBM_TDB)

L10 169 5 AND (Road OR street | (US-PGPUB; USPAT,; [OR ON ON 2023/09/06
WITH lane WITH line USOCR; FIT (CN, FR, 08:01 AM
WITH bondar$3) SAME |WO); FPRS; EPO;

(detect$3) SAME JPO; DERWENT;
(horizon WITH line) IBM_TDB)

L11 443 5 AND (Road OR street | (US-PGPUB; USPAT,; [OR ON ON 2023/09/06
WITH lane WITH line ) |USOCR; FIT (CN, FR, 08:03 AM
SAME (horizon WITH |WO); FPRS; EPO;
line) JPO; DERWENT;

IBM_TDB)

L12 1693 (Road OR street WITH [(US-PGPUB; USPAT; |OR ON ON 2023/09/06
lane WITH line ) SAME |USOCR; FIT (CN, FR, 08:03 AM
(horizon WITH line) WO); FPRS; EPO;

JPO; DERWENT;
IBM_TDB)

L13 30 12 AND (Lane WITH (US-PGPUB; USPAT; [OR ON ON 2023/09/06
mark$3) WITH (Horizon |USOCR; FIT (CN, FR, 08:04 AM
ADJ line) WO); FPRS; EPO;

JPO; DERWENT;
IBM_TDB)

L14 2 12 AND (Lane WITH (US-PGPUB; USPAT; [OR ON ON 2023/09/06
mark$3) WITH (Horizon |USOCR; FIT (CN, FR, 01:56 PM
ADJ line) SAME WO); FPRS; EPO;

(predict$3 OR JPO; DERWENT;
forecast$3) IBM_TDB)

L15 2 (Lane ADJ line) WITH [(US-PGPUB; USPAT; |OR ON ON 2023/09/06
(mark$3) WITH USOCR; FIT (CN, FR, 02:03 PM
(Horizon ADJ line) WO); FPRS; EPO;

SAME (predict$3) JPO; DERWENT;
IBM_TDB)

L16 4 (Lane ADJ line) SAME [(US-PGPUB; USPAT; |OR ON ON 2023/09/06
(Horizon ADJ line) USOCR; FIT (CN, FR, 02:04 PM
SAME (predict$3) WO); FPRS; EPO;

JPO; DERWENT;
IBM_TDB)

L17 57 (Road OR street WITH [(US-PGPUB; USPAT; |OR ON ON 2023/09/11
lane WITH line WITH USOCR; FIT (CN, FR, 12:31 PM
bondar$3) SAME WO); FPRS; EPO;

(detect$3) AND JPO; DERWENT;
(horizon WITH line) IBM_TDB)
SAME network

L18 28 (Road OR street WITH [(US-PGPUB; USPAT) |OR ON ON 2023/09/11
lane WITH line WITH 12:37 PM
bondar$3) SAME
(detect$3) AND
(horizon WITH line)

09/19/2024 11:54:41 PM Page 2 of 7

Workspace: 18527226
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L19

L20

L21

L22

L23

L24

L25

L26

L27

28

869

869

452

2596

0

SAME network

(Road OR street WITH
lane WITH line WITH
bondar$3) SAME
(detect$3) AND
(horizon WITH line)
SAME (network)

(Road OR street WITH
lane WITH line WITH
bondar$3) SAME
(detect$3) AND
(horizon WITH line)
SAME (network WITH
receiv$3)

(Road OR street WITH
lane WITH line WITH
bondar$3) SAME
(detect$3) AND
(horizon WITH line)
SAME (network WITH
receiv$3 WITH ccd OR
camera OR imag$3)

(Road OR street WITH
lane WITH line WITH
bondar$3) SAME
(detect$3) AND
(horizon WITH line)
SAME (network near2
receiv$3 WITH ccd OR
camera OR imag$3)

(Road OR street WITH
lane WITH line WITH
bondar$3) SAME
(detect$3) AND
(horizon WITH line)
SAME (network near2
receiv$3 WITH ccd OR
camera)

(Road OR street WITH
lane WITH line WITH
bondar$3) SAME
(detect$3) AND
(horizon WITH line)
SAME (network near2
receiv$3 WITH camera)

(Road OR street WITH
lane WITH line WITH
bondar$3) SAME
(detect$3) AND
(horizon WITH line)
SAME (network WITH
receiv$3 WITH camera)

5 AND (network WITH
receiv$3 WITH camera)

(Road OR street WITH

(US-PGPUB;

(US-PGPUB;

(US-PGPUB;

(US-PGPUB;

(US-PGPUB;

(US-PGPUB;

(US-PGPUB;

(US-PGPUB;

(US-PGPUB;

USPAT)

USPAT)

USPAT)

USPAT)

USPAT)

USPAT)

USPAT)

USPAT)

USPAT)

OR

OR

OR

OR

OR

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

2023/09/11
12:44 PM

2023/09/11
12:56 PM

2023/09/12
10:40 AM

2023/09/12
10:41 AM

2023/09/12
10:41 AM

2023/09/12
10:41 AM

2023/09/12
10:42 AM

2023/09/12
12:04 PM

2023/09/12

09/19/2024 11:54:41 PM

Workspace: 18527226
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L28

L29

L30

L31

L32

L33

L34

L35

L36

850

477

133

lane WITH line WITH
bondar$3) SAME
(horizon WITH line)
SAME (network WITH
receiv$3 WITH camera)

(Road OR street WITH
lane ADJ line) SAME
(horizon WITH line)
SAME (boundary)
SAME (network WITH
receiv$3 WITH camera)

(Road OR street WITH
lane ADJ line) SAME
(horizon WITH line)
SAME (network WITH
receiv$3 WITH camera)

(Road OR street WITH
lane ADJ line) SAME
(network WITH receiv$3
WITH camera)

(Road OR street WITH
lane ADJ line) SAME
(network WITH receiv$3
WITH camera WITH
imag$3)

5 AND (Road OR street
WITH lane ADJ line)
SAME (network WITH
receiv$3 WITH camera
WITH imag$3)

5 AND (Road OR street
WITH lane ADJ line)
SAME (network WITH
receiv$3 WITH camera
WITH imag$3) AND
(horizion ADJ Line)

5 AND (Road OR street
WITH lane ADJ line)
SAME (network WITH
receiv$3 WITH camera
WITH imag$3) AND
(horizon ADJ Line)

5 AND (Road OR street
WITH lane ADJ line)
SAME (network WITH
receiv$3 WITH camera
WITH imag$3) SAME
(horizon ADJ Line)

(Road OR street WITH
lane ADJ line) SAME
(network WITH receiv$3
WITH camera WITH
imag$3) SAME (horizon
ADJ Line)

(US-PGPUB;

(US-PGPUB;

(US-PGPUB;

(US-PGPUB;

(US-PGPUB;

(US-PGPUB;

(US-PGPUB;

(US-PGPUB;

(US-PGPUB;

USPAT)

USPAT)

USPAT)

USPAT)

USPAT)

USPAT)

USPAT)

USPAT)

USPAT)

OR

OR

OR

OR

OR

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

12:05 PM

2023/09/12
12:13 PM

2023/09/12
12:13 PM

2023/09/12
12:13 PM

2023/09/12
12:13 PM

2023/09/12
12:14 PM

2023/09/12
12:14 PM

2023/09/12
12:15 PM

2023/09/12
12:15 PM

2023/09/12
12:15 PM

09/19/2024 11:54:41 PM
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L37 0 31 AND annotat (US-PGPUB; USPAT) |OR ON ON 2023/09/12
03:20 PM

L38 22 31 AND (annotat$3 (US-PGPUB; USPAT) |OR ON ON 2023/09/12
WITH accuracy) 03:20 PM

L39 18 32 AND (annotat$3 (US-PGPUB; USPAT) |OR ON ON 2023/09/12
WITH accuracy) 03:21 PM

L40 0 32 AND (annotat$3 (US-PGPUB; USPAT) |OR ON ON 2023/09/12
WITH accuracy WITH 03:24 PM
lines)

L41 0 32 AND (annotat$3 (US-PGPUB; USPAT) |OR ON ON 2023/09/12
WITH accuracy WITH 03:24 PM
line)

L42 0 32 AND (annotat$3 (US-PGPUB; USPAT) |OR ON ON 2023/09/12
WITH accuracy WITH 03:24 PM
land)

L43 0 32 AND (annotat$3 (US-PGPUB; USPAT) |OR ON ON 2023/09/12
WITH accuracy WITH 03:24 PM
lane)

L44 18 32 AND (annotat$3 (US-PGPUB; USPAT) |OR ON ON 2023/09/12
WITH accuracy) 03:24 PM

L45 0 (predict$3 WITH (US-PGPUB; USPAT; |OR ON ON 2023/11/18
horizion ADJ line) USOCR; FIT (CN, FR, 09:31 AM

WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L46 53 (predict$3 WITH (US-PGPUB; USPAT; |OR ON ON 2023/11/18

horizon ADJ line) USOCR; FIT (CN, FR, 09:31 AM
WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L47 18 (predict$3 ) SAME (US-PGPUB; USPAT; |OR ON ON 2023/11/18
(detect$3 WITH horizon [USOCR; FIT (CN, FR, 09:32 AM
ADJ line) WO); FPRS; EPO;

JPO; DERWENT;
IBM_TDB)

L48 346 (detect$3 WITH horizon [(US-PGPUB; USPAT; |OR ON ON 2023/11/18
ADJ line) WITH USOCR; FIT (CN, FR, 09:42 AM
(imag$3) WO); FPRS; EPO;

JPO; DERWENT;
IBM_TDB)

L49 3220 (camera WITH (US-PGPUB; USPAT; |OR ON ON 2023/11/18
parameter) SAME (Line [USOCR; FIT (CN, FR, 09:44 AM
near2 detect$3) WO); FPRS; EPO;

JPO; DERWENT;
IBM_TDB)

L50 2061 (camera WITH (US-PGPUB; USPAT; |OR ON ON 2023/11/18
parameter) WITH (Line |USOCR; FIT (CN, FR, 09:44 AM
near2 detect$3) WO); FPRS; EPO;

JPO; DERWENT;
IBM_TDB)

L51 36426 (camera ccd WITH (US-PGPUB; USPAT; |OR ON ON 2023/11/18
parameter) WITH (Line |USOCR; FIT (CN, FR, 09:45 AM
near2 detect$3) WO); FPRS; EPO;
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JPO; DERWENT;
IBM_TDB)

L52 36326 (camera ccd near2 (US-PGPUB; USPAT; |OR ON ON 2023/11/18
parameter) WITH (Line |USOCR; FIT (CN, FR, 09:45 AM
near2 detect$3) WO); FPRS; EPO;

JPO; DERWENT;
IBM_TDB)

L53 46 (camera ccd near2 (US-PGPUB; USPAT; |OR ON ON 2023/11/18
parameter) WITH (Line |USOCR; FIT (CN, FR, 09:45 AM
near2 detect$3) AND WO); FPRS; EPO;

48 JPO; DERWENT;
IBM_TDB)

L54 53 (predict$3) WITH (US-PGPUB; USPAT; |OR ON ON 2023/11/18

(horizon ADJ line) USOCR; FIT (CN, FR, 02:40 PM
WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L55 36326 (camera ccd near2 (US-PGPUB; USPAT; |OR ON ON 2023/11/18
parameter) WITH (Line [USOCR; FIT (CN, FR, 02:40 PM
near2 detect$3) WO); FPRS; EPO;

JPO; DERWENT;
IBM_TDB)

L56 3 55 AND 54 (US-PGPUB; USPAT; |OR ON ON 2023/11/18
USOCR; FIT (CN, FR, 02:41 PM
WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L57 50974 (camera ccd near2 (US-PGPUB; USPAT; |OR ON ON 2023/11/18
parameter) SAME (Line [USOCR; FIT (CN, FR, 02:41 PM
near2 detect$3) WO); FPRS; EPO;

JPO; DERWENT;
IBM_TDB)

L58 16 (predict$3) WITH (US-PGPUB; USPAT; |OR ON ON 2023/11/18
(horizon ADJ line) IBM_TDB) 02:44 PM

L59 43 (horizon ADJ line) (US-PGPUB; USPAT; |OR ON ON 2023/11/18
SAME (lane ADJ line ) |IBM_TDB) 06:28 PM

L60 59 (horizon ADJ line) (US-PGPUB; USPAT; |OR ON ON 2023/11/18
SAME (lane ADJ line ) |USOCR; FIT (CN, FR, 06:28 PM

WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L61 53 (horizon ADJ line) (US-PGPUB; USPAT; |OR ON ON 2023/11/18
SAME (lane ADJ line ) |USOCR; FIT (CN, FR, 06:31 PM
SAME (markers OR WO); FPRS; EPO;
points) JPO; DERWENT;

IBM_TDB)

L62 14 ("11205284" OR (US-PGPUB; USPAT) |OR ON ON 2024/06/06
"20150177370" OR 07:31 PM
"20170177951" OR
"20180046867" OR
"20180262678" OR
"20190009166" OR
"20190034740" OR
"20190102674" OR
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"20190205667" OR
"20200357138" OR
"20210009166" OR
"20210049780" OR
"20220105947" OR
"20230106961").pn.
L63 9 "11875580" (US-PGPUB; USPAT; |OR ON ON 2024/06/06
USOCR; FIT (CN, FR, 07:34 PM
WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)
L64 1 "18527226" (US-PGPUB; USPAT; |OR ON ON 2024/06/06
USOCR; FIT (CN, FR, 08:08 PM
WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)
PE2E SEARCH - Search History (Interference)
Ref # Hits [Search Query DBs Default Plurals Briish Time Stamp
Operator Equivalents

N1 42 (horizon ADJ line) (US-PGPUB; USPAT) |OR ON ON 2023/11/18
SAME (lane ADJ line ) 06:36 PM
SAME (markers OR
points)

N2 211 (camera WITH (US-PGPUB; USPAT) |OR ON ON 2023/11/18
parameter) WITH (Line 06:36 PM
near2 detect$3)

N3 1 N2 AND N1 (US-PGPUB; USPAT) |OR ON ON 2023/11/18

06:39 PM
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
32361 7590 09/30/2024
GREENBERG TRAURIG (NY) BROWN IR, HOWARD D
One Vanderbilt Avenue
NEW YORK, NY 10017 | ART UNIT | pareRNoMBER |
2488
DATE MAILED: 09/30/2024
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |
18/527,226 12/01/2023 Ali HASSAN 189908.000302 7088

TITLE OF INVENTION: CAMERA INITIALIZATION FOR LANE DETECTION AND DISTANCE ESTIMATION USING SINGLE-VIEW GEOMETRY

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional UNDISCOUNTED $1200 $0.00 $0.00 $1200 12/30/2024

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE MAILING
DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. _THIS STATUTORY PERIOD
CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES NOT REFLECT A CREDIT
FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS PREVIOUSLY BEEN PAID IN
THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM WILL BE CONSIDERED A REQUEST
TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that
entity status still applies.

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above.

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled
"Change in Entity Status (from status indicated above)".

For purposes of this notice, small entity fees are 40% the amount of undiscounted fees, and micro entity fees are 20% the amount of
undiscounted fees.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed. If an equivalent of Part B is filed, a request to reapply a previously paid issue fee must be
clearly made, and delays in processing may occur due to the difficulty in recognizing the paper as an equivalent of Part B.

III. Al communications regarding this application must give the application number. Please direct all communications prior to issuance to Mail
Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Maintenance fees are due in utility patents issuing on applications filed on or after Dec. 12, 1980.
It is patentee's responsibility to ensure timely payment of maintenance fees when due. More information is available at
www.uspto.gov/PatentMaintenanceFees.
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PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), by mail or fax, or via the USPTO patent electronic filing system.

By mail, send to: Mail Stop ISSUE FEE By fax, send to:  (571)-273-2885
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate.
All further correspondence will be mailed to the current correspondence address as indicated unless corrected below or directed otherwise in Block 1, by (a) specifying a new
correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications. Because electronic patent issuance may occur shortly after issue
fee payment, any desired continuing application should preferably be filed prior to payment of this issue fee in order not to jeopardize copendency.

Note: A certificate of mailing can only be used for domestic mailings of the
CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Fee(s) Transmittal. This certificate cannot be used for any other accompanying
papers. Each additional paper, such as an assignment or formal drawing, must

have its own certificate of mailing or transmission.

32361 7590 09/30/2024 Certificate of Mailing or Transmission
GREENBERG TRAURIG (NY) I hereby certify that this Fee(s) Transmittal is being deposited with the United
. States Postal Service with sufficient postage for first class mail in an envelope
One Vanderbilt Avenue addressed to the Mail Stop ISSUE FEE address above, or being transmitted to the
NEW YORK, NY 10017 USPTO via the USPTO patent electronic filing system or by facsimile to (571)
273-2885, on the date below.

(Typed or printed name)

(Signature)
(Date)

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.

18/527.226 12/01/2023 Ali HASSAN 189908.000302 7088
TITLE OF INVENTION: CAMERA INITIALIZATION FOR LANE DETECTION AND DISTANCE ESTIMATION USING SINGLE-VIEW GEOMETRY

| APPLN. TYPE ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional UNDISCOUNTED $1200 $0.00 $0.00 $1200 12/30/2024
| EXAMINER | ART UNIT | CLASS SUBCLASS |
BROWN JR, HOWARD D 2488 348-135000
1. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list
CFR 1.363). (1) The names of up to 3 registered patent attorneys

or agents OR, alternatively, 1
(2) The name of a single firm (having as a member a
registered attorney or agent) and the names of up to 2

O e . N . L 2 registered patent attorneys or agents. If no name is
Fee Address” indication (or "Fee Address" Indication form PTO/ listed, no name will be printed.

ATA/A7 or PTO/SB/47; Rev 03-02 or more recent) attached. Use of a
Customer Number is required.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

| Change of correspondence address (or Change of Correspondence
Address form PTO/ATA/122 or PTO/SB/122) attached.

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81(a). Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : [ individuat ([ Corporation or other private group entity [ Government

4a. Fees submitted: (Dissue Fee [Jpublication Fee (if required)
4b. Method of Payment: (Please first reapply any previously paid fee shown above)

[ Electronic Payment via the USPTO patent electronic filing system [ Enclosed check [ Non-electronic payment by credit card (Attach form PTO-2038)

() The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No.

5. Change in Entity Status (from status indicated above)
] Applicant certifying micro entity status. See 37 CFR 1.29 NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue

fee payment in the micro entity amount will not be accepted at the risk of application abandonment.

NOTE: If the application was previously under micro entity status, checking this box will be taken

Q Applicant asserting small entity status. See 37 CFR 1.27 to be a notification of loss of entitlement to micro entity status.

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro

D Applicant changing to regular undiscounted fee status. entity status, as applicable.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature Date
Typed or printed name Registration No.
Page 2 of 3
PTOL-85 Part B (11/23) Approved for use through 03/31/2026 OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
18/527.226 12/01/2023 Ali HASSAN 189908.000302 7088
| EXAMINER |
32361 7590 09/30/2024
GREENBERG TRAURIG (NY) BROWN IR, HOWARD D

One Vanderbilt Avenue
NEW YORK, NY 10017

| ART UNIT PAPER NUMBER |

2488

DATE MAILED: 09/30/2024

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(Applications filed on or after May 29, 2000)

Page 3 of 3

PTOL-85 (Rev. 11/23)
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The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance.

Section 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the requirement
that the Office provide a patent term adjustment determination with the notice of allowance. See Revisions to Patent
Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer providing an initial
patent term adjustment determination with the notice of allowance. The Office will continue to provide a patent term
adjustment determination with the Issue Notification Letter that is mailed to applicant approximately three weeks prior
to the issue date of the patent, and will include the patent term adjustment on the patent. Any request for reconsideration

of the patent term adjustment determination (or reinstatement of patent term adjustment) should follow the process
outlined in 37 CFR 1.705.

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.



OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and Budget
approval before requesting most types of information from the public. When OMB approves an agency request to
collect information from the public, OMB (i) provides a valid OMB Control Number and expiration date for the
agency to display on the instrument that will be used to collect the information and (ii) requires the agency to inform
the public about the OMB Control Number’s legal significance in accordance with 5 CFR 1320.5(b).

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 30 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon
the individual case. Any comments on the amount of time you require to complete this form and/or suggestions
for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office,
U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to respond to acollection
of information unless it displays a valid OMB control number.

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. The United States Patent and Trademark
Office (USPTO) collects the information in this record under authority of 35 U.S.C. 2. The USPTO’s system of
records is used to manage all applicant and owner information including name, citizenship, residence, post office
address, and other information with respect to inventors and their legal representatives pertaining to the applicant's/
owner’s activities in connection with the invention for which a patent is sought or has been granted. The applicable
Privacy Act System of Records Notice for the information collected in this form is COMMERCE/PAT-TM-7 Patent
Application Files, available in the Federal Register at 78 FR 19243 (March 29, 2013).

5
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Routine uses of the information in this record may include disclosure to:

1) law enforcement, in the event that the system of records indicates a violation or potential violation of law;
2) afederal, state, local, or international agency, in response to its request;
3) a contractor of the USPTO having need for the information in order to perform a contract;

4) the Department of Justice for determination of whether the Freedom of Information Act (FOIA) requires
disclosure of the record;

5) a Member of Congress submitting a request involving an individual to whom the record pertains, when the
individual has requested the Member’s assistance with respect to the subject matter of the record;

6) a court, magistrate, or administrative tribunal, in the course of presenting evidence, including disclosures to
opposing counsel in the course of settlement negotiations;

7) the Administrator, General Services Administration (GSA), or their designee, during an inspection of records
conducted by GSA under authority of 44 U.S.C. 2904 and 2906, in accordance with the GSA regulations
and any other relevant (i.e., GSA or Commerce) directive, where such disclosure shall not be used to make
determinations about individuals;

8) another federal agency for purposes of National Security review (35 U.S.C. 181) and for review pursuant to
the Atomic Energy Act (42 U.S.C. 218(c));

9) the Office of Personnel Management (OPM) for personnel research purposes; and
10)the Office of Management and Budget (OMB) for legislative coordination and clearance.

If you do not furnish the information requested on this form, the USPTO may not be able to process and/or examine
your submission, which may result in termination of proceedings, abandonment of the application, and/or expiration
of the patent.
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Application No. Applicant(s)
] N 18/527,226 HASSAN et al,
Notice of Allowability Examiner ArtUnit | AIA (FITF) Status
HOWARD D BROWN JR 2488 Yes

-- The MAILING DATE of this communication appears on the cover sheet with the correspondernce address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1.} This communication is responsive to 09/12/2024.
[J A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

2.[J An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the
restriction requirement and election have been incorporated into this action.

3. The allowed claim(s) is/are 21-40 . As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution
Highway program at a participating intellectual property office for the corresponding application. For more information, please see
http://www._uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

4[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a) LJAll b) (J Some* ¢) [J None of the:
1. [J Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).

* Certified copies not received:

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. CORRECTED DRAWINGS (as "replacement sheets") must be submitted.

0 including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of each
sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6..] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1. Notice of References Cited (PTO-892) 5. (J Examiner's Amendment/Comment

2.0 Information Disclosure Statements (PTO/SB/08), 6. Examiner's Statement of Reasons for Allowance
Paper No./Mail Date .

3.[J Examiner's Comment Regarding Requirement for Deposit 7. J Other .

of Biological Material
4.{] Interview Summary (PTO-413),
Paper No./Mail Date.

/HOWARD D BROWN JR/
Examiner, Art Unit 2488

U.S. Patent and Trademark Office .
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20240919
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Application/Control Number: 18/527,226 Page 2
Art Unit: 2488

DETAILED ACTION
1. This Office Action for U.S. Patent Application No. 18/527,226 is responsive to
communications filed on 09/12/2024, in reply to the Non-Final Rejection of 06/12/2024.

Currently, claims 21-40 are pending.

Notice of Pre-AIA or AIA Status
2. The present application, filed on or after March 16, 2013, is being examined under the

first inventor to file provisions of the AIA.

Terminal Disclaimer
3. The terminal disclaimer filed on 09/12/2024 disclaiming the terminal portion of any
patent granted on this application which would extend beyond the expiration date has been

reviewed and is accepted. The terminal disclaimer has been recorded.

Response to Arguments

4. In regard to claims 21-40, these claims were provisionally rejected on the grounds of
nonstatutory double patenting over claims 1-20 of Patent Application 11,875,580. The Applicant
submits that the filed Terminal Disclaimer is sufficient to overcome these rejections. The
Examiner respectfully agrees. As such, the provisional nonstatutory double patenting rejections
of claims 21-40 have been withdrawn.

REASONS FOR ALLOWANCE
5. The following is an examiner's statement of reasons for allowance: The instant invention

is related to a monocular camera (e.g., an image sensor) that may be retrofitted and adjustable
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Application/Control Number: 18/527,226 Page 3
Art Unit: 2488

within the vehicle such as, the vehicle’s dashboard. Upon driving, the camera initializes itself to
determine its height with respect to the ground as well as a road plane normal. Thus, the camera

may be installed in various positions and later re-initialized or recalibrated as needed.

Prior art was found for the claims as follows:

Kwantl et al., [US Pub. No.: 2019/0034740 A1] Kwant2 et al., [US Pub. No.: 2019/0102674

All.

Re. Claim 21, Kwantl et al., [US Pub. No.: 2019/0034740 A1] discloses
A method comprising: receiving an image of a roadway recorded by a camera device
installed within a vehicle [network for receiving image signals from a vehicle camera of
a roadway |Fig.1 el 113, 0076, 0081];
detecting a horizon line in the image [determining a horizontal line in the image at
which a maximum number of the one or more extended road lanes crosses over a
minimum horizontal extent of the horizontal line |Abstract];
overlaying a line on the image to generate an overlaid image [Fig.4 401A-C];
transmitting the overlaid image to a computing device over a network [In step 607, the
horizon estimation platform 105 labels or annotates one or more map features depicted
in the image based on the horizon|Fig.1 el 100, Fig.6 Step 607, 0071],

Kwant2 et al., [US Pub. No.: 2019/0102674 A1l] discloses:
receiving a modification of the line from the computing device, the modification
comprising a new line at a second position [The learner module then computes an
accuracy of the predictions for the initial set of model parameters. If the accuracy or

level of performance does not meet a threshold or configured level, the learner module
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incrementally adjusts the model parameters until the model generates predictions at a
desired or configured level of accuracy with respect to the manually annotated labels in
the training data (e.g., the ground truth data).|0051],
computing a camera parameter based on the new line [The machine learning system 103
generates respective distributions or probability models for the training set 401 and the
reservoir set 405 according to the various embodiments described herein. These
distributions are combined into a single model (e.g., the sampling distribution 401)
describing a candidate observation 407's similarity to the training set and/or the
candidate pool at evaluation time to either accept or reject the candidate observation
407 from the reservoir set 405 for annotation and inclusion in the training data set
403],
and transmitting data representing the camera parameter to the camera device [data
representing camera parameter to the camera device |Fig. 8a].
Therefore, it would have been obvious to one with ordinary skill in the art before the effective
filing date of the claimed invention to combine the horizon estimation using lane lines of
Kwantl with Kwant?2 for selecting representative training observations for annotation in machine

learning model.

6. Applicant uniquely claimed a distinct feature in the instant invention, which are not found
in the prior art, either singularly or in combination. The claims are allowable because the prior
art fails to disclose the claimed feature is “...detecting a horizon line in the image; overlaying a
line on the image to generate an overlaid image; transmitting the overlaid image to a computing

device over a network; receiving a modification of the line from the computing device, the
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modification comprising a new line at a second position; computing a camera parameter based

on the new line; and transmitting data representing the camera parameter to the camera device”.

This feature is not found or suggested in the prior art.

7. 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.”

8. Claims 21-40 are allowed.
Conclusion

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to HOWARD D BROWN JR whose telephone number is (571)272-
4371. The examiner can normally be reached Monday - Friday 7:30AM - 5:00PM EST.

Examiner interviews are available via telephone, in-person, and video conferencing using
a USPTO supplied web-based collaboration tool. To schedule an interview, applicant is
encouraged to use the USPTO Automated Interview Request (AIR) at
http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Sathyanarayanan Perungavoor can be reached on 5712727455. The fax phone

number for the organization where this application or proceeding is assigned is 571-273-8300.
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Information regarding the status of published or unpublished applications may be
obtained from Patent Center. Unpublished application information in Patent Center is available
to registered users. To file and manage patent submissions in Patent Center, visit:
https://patentcenter.uspto.gov. Visit https://www.uspto.gov/patents/apply/patent-center for more
information about Patent Center and https://www.uspto.gov/patents/docx for information about
filing in DOCX format. For additional questions, contact the Electronic Business Center (EBC)
at 866-217-9197 (toll-free). If you would like assistance from a USPTO Customer Service
Representative, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

HOWARD D. BROWN JR
Primary Examiner
Art Unit 2488

/HOWARD D BROWN JR/
Examiner, Art Unit 2488
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