UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 10,958,840 B2 Page 1 of 1
APPLICATION NO. 1 16/713798

DATED : March 23, 2021

INVENTOR(S) : César Douady et al.

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

In the Claims

In Claim 16, Column 32, Line 15, please replace “stabling” with --stabilizing--, therefor.

Signed and Sealed this
Twenty-first Day of March, 2023

Kodnoring Y2l ‘& Vida

Katherine Kelly Vidal
Director of the United States Patent and Trademark Office
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 10,958,840 B2 Page 1 of 1
APPLICATION NO. 1 16/713798

DATED : March 23, 2021

INVENTOR(S) : Douady et al.

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

In the Specification
Column 14, Line 50, please delete “head” and insert --ahead--, therefor.
In the Claims

Column 31, Line 61, please replace “lookahead” with --look-ahead--, therefor.

Signed and Sealed this
Seventh Day of March, 2023

Kodnring 1! \6 Vida

Katherine Kelly Vidal
Director of the United States Patent and Trademark Office
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PTOMSB/44 (0607

Approved for use through 03/31/2023. OMB 0651-0033

U.S. Patent and Trademark Gifice; U.8. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1885, no persons are required fo respond to a coilection of information unless it displays a valid OMB control number.
(Also Form PTO-1050)

UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

Page  of
PATENT NO. - 10,858,840
APPLICATION NGO 16/713,788
ISSUE DATE © March 23, 2021

\ RS ,
INVENTCR(S) César Douady, et al.

it is certified that an error appears or erfors appear in the above-identified patent and that said Lelers Patent
is hereby corrected as shown below:

in Column 14, Line 50, please delete “head” and insert ~-ahead--, therefor.
in Claim 11, Column 31, Line 61, please replace “loockahead” with --look ghead-- therefor,

in Claim 18, Column 32, Line 15, please replace “stabling” with --stabilizing--, therefor.

MAILING ADDRESS OF SENDER (Please do not use Customer Number below):

€225 Buckhorn Ridge Place
San Miguel, California 93451

This collection of information is required by 37 CFR 1.322, 1.323, and 1.324. The information is required to obiain or retain a benefil by the public which is to file
(and by the USPFTQO to procass) an application. Confidentiality is govemad by 35 U.8.C. 122 and 37 CFR 1.14. This collection is estimated to take 1.0 hour to
complete, including gathering, preparing, and submiling the completad appiication form to the USPTQ. Time will vary depending upan the individual casa. Any
comments on the amount of ime you reguire to complete this form andfor suggsstions for reducing this burden, should be sent to the Chief Information Oficer,
U.8. Patent and Trademark Office, U.8. Department of Commearce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SEND TO: Attention Certificate of Corrections Branch, Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 223131450,

if you need assistance in compieting the form, calil 1-800-PTO-8188 and safect nplion 2.
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Privacy Act Statement

The Privacy Act of 1874 {P.L. 93-579) requires that you be given certain information in conneaction
with your submission of the attached form related 1o 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(0){2); (2) furnishing of the informalion soliciied is voluniary;
and (33 the principal purpose for which the information is used by the U.S. Palent and Trademark
Office is 10 process and/or examine your submission related to a patent application or patent. i you do
not furnish the requested information, the U.S. Palent and Trademark Office may not be able to
process and/or examine your submission, which may result in terminatlion 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 Acl (5 U.8.C 5352a). Records from
this system of records may be disclosed {o the Department of Justice to determine whether
disciosure of these records is required by the Freedom of Information Act.

A record from this system of records may be disclosed, as a routine use, in the course of
presenting evidence {0 a couri, magistrale, or adminisirative tribunal, including disclosures to
opposing counsel in the course of settiement negoliations.

A record in this system of records may be disclosed, as a routine use, 1o a Member of
Congress submilting a request involving an individual, to whom the record partains, when the
individual has requested assistance from the Member with respect {o the subject matller of the
record.

A record in this system of records may be disclosed, as a rouling use, {0 a contracior of the
Agency having need for the information in order {o perform a contract. Recipients of
information shall be required to comply with the requirements of the Privacy Act of 1874, as
amended, pursuantio 5 U.S.C. 55Za{m).

A record related 1o an international Application filed under the Patent Cooperation Treaty in
this system of racords may be disclosad, as a routine use, o the Inlernational Bureau of the
World intellectual Property Organization, pursuant {o the Palent Cooperation Trealy.

A record in this system of records may be disclosed, as a routine use, {0 another federsl
agency for purposes of National Securily review (35 U.S.C. 181) and for raview pursuant to
the Alomic Energy Act (42 U.5.C. 218{0)).

A record from this sysiem of records may be disclosed, as a rouine use, o 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 authorily of 44 U.8.C. 2804 and 2808, Such disclosure shall
be made in accordance with the GSA regulations govemning inspection of records for this
purpose, and any other relevant (e, GSA or Commerce) directive. Such disclosure shall not
be used to make determinations aboul individuals.

A record from this system of records may be disclosed, as a routine use, o the public after
either publication of the application pursuant {0 35 U.8.C. 122(b} or issuance of a patent
pursuant o 35 U.S.C. 151, Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, 1o the public if the record was filed in an application which
became abandonad or in which the proceedings were terminated and which application is
referenced by either a published application, an application open {o public inspection or an
issued patent.

A racord from this system of records may be disclosed, as a routine use, to a Federal, Siate,
or local law enforcement agency, if the USPTO becomes aware of a violation or potential
viclation of law or regulation.
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Electronic Acknowledgement Receipt

EFS ID: 47586425
Application Number: 16713798
International Application Number:
Confirmation Number: 2783

Title of Invention:

SYSTEMS AND METHODS FOR STABILIZING VIDEOS

First Named Inventor/Applicant Name:

Cesar Douady

Customer Number:

177600

Filer:

D. Benjamin Esplin/Lynn Han

Filer Authorized By:

D. Benjamin Esplin

Attorney Docket Number:

46DG-026085

Receipt Date: 24-FEB-2023
Filing Date: 13-DEC-2019
Time Stamp: 12:56:24

Application Type:

Utility under 35 USC 111{(a)

Payment information:

Submitted with Payment no
File Listing:
Document . . File Size(Bytes Multi Pages
Y Document Description File Name ile Size( y i Y I. . 9
Number Message Digest | Part/.zip| (ifappl.)
209088
46DG-026085_Replacement_R
1 Request for Certificate of Correction equest_Certificate_of_Correcti no 2
on_pdf €9e095d05fada29543b126a5c970e8984c6
a2eeb
Warnings:
Insta360
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Information:

214536
2 Request for Certificate of Correction 46DG—026085C_Redp;Iacement_C no 2
0 p fe23179dd7efe3a5a750a6daaa26495a4887
3ad6
Warnings:
Information:
Total Files Size (in bytes): 423624

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

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 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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Attorney Docket: 46DG-026085

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

AplgLiiﬁgLEg; César Douady, et al.
SERIALNO. : 16/713,798
FILING DATE : December 13, 2019
ARTUNIT : 2697
EXAMINER : Hsu, Amy R.
For : SYSTEMS AND METHODS FOR STABILIZING VIDEOS

REPLACEMENT REQUEST FOR CERTIFICATE OF CORRECTION

Commissioner for Patents
PO Box 1450
Alexandria, VA 22313-1450

This Request for Certificate of Correction is hereby filed to replace the Request
previously filed on February 10, 2023. The applicant of the above-identified patent,
through its attorneys, requests a Certificate of Correction, including the corrections

previously requested on February 10, 2023, along with additional corrections.

Applicant requests correction of the errors set forth below.

The required fee was already paid on February 10, 2023; therefore, no additional
fees are believed to be due. However, the Commissioner is hereby authorized to
charge any additional fees or credit any overpayment to the undersigned’s Deposit
Account No. 602731 (Reference No. 46DG-026085).

Insta360
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Correction of text in the Patent

Upon reviewing the above-identified patent, Applicant noted errors which should
be corrected. These errors are either of a clerical nature, of a typographical nature, or a
mistake of minor character. Correction to these errors do not constitute new matter nor

require reexamination.

It is certified that errors appear in the above-identified patent and that said

Letters Patent is hereby corrected as shown below:

In Column 14, Line 50, please delete “head” and insert --ahead--, therefor.

In Claim 11, Column 31, Line 61, please replace “lookahead” with --look-
ahead-- therefor.

In Claim 16, Column 32, Line 15, please replace “stabling” with --stabilizing-

-, therefor.

CONCLUSION

It is requested that a Certificate of Correction be issued to correct these errors.
Form PTO/SB/44 is attached for this purpose.

Date: February 24, 2023 Submitted,

By: /D. Benjamin Esplin/
D. Benjamin Esplin
Reg. No. 58,297

Customer No. 177600
ESPLIN & ASSOCIATES, PC
docketing@esplin.legal

(760) 249-2133

Insta360
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Attorney Docket: 46DG-026085

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

AplgLiiﬁgLEg; César Douady, et al.
SERIALNO. : 16/713,798
FILING DATE : December 13, 2019
ARTUNIT : 2697
EXAMINER : Hsu, Amy R.
For : SYSTEMS AND METHODS FOR STABILIZING VIDEOS

REQUEST FOR CERTIFICATE OF CORRECTION

Commissioner for Patents
PO Box 1450
Alexandria, VA 22313-1450

The applicant of the above-identified patent, through its attorneys, hereby

requests issuance of a Certificate of Correction.
Applicant requests correction of the errors set forth below.
Applicant submits the required fee herewith. The Commissioner is hereby

authorized to charge any additional fees or credit any overpayment to the undersigned’s
Deposit Account No. 602731 (Reference No. 46DG-026085).
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Correction of text in the Patent

Upon reviewing the above-identified patent, Applicant noted errors which should
be corrected. These errors are either of a clerical nature, of a typographical nature, or a
mistake of minor character. Correction to these errors do not constitute new matter nor

require reexamination.

It is certified that errors appear in the above-identified patent and that said

Letters Patent is hereby corrected as shown below:
In Column 14, Line 50, please delete “head” and insert --ahead--, therefor.

In Claim 11, Column 31, Line 61, please replace “lookahead” with —look-

ahead-- therefor.

CONCLUSION

It is requested that a Certificate of Correction be issued to correct these errors.
Form PTO/SB/44 is attached for this purpose.

Date: February 10, 2023 Submitted,

By: /D. Benjamin Esplin/
D. Benjamin Esplin
Reg. No. 58,297

Customer No. 177600
ESPLIN & ASSOCIATES, PC
docketing@esplin.legal

(760) 249-2133
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PTOMSB/44 (0607

Approved for use through 03/31/2023. OMB 0651-0033

U.S. Patent and Trademark Gifice; U.8. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1885, no persons are required fo respond to a coilection of information unless it displays a valid OMB control number.
(Also Form PTO-1050)

UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

Page  of
PATENT NO. - 10,858,840
APPLICATION NGO 16/713,788
ISSUE DATE © March 23, 2021

\ RS ,
INVENTCR(S) César Douady, et al.

it is certified that an error appears or erfors appear in the above-identified patent and that said Lelers Patent
is hereby corrected as shown below:

in Column 14, Line 50, please delete “head” and insert ~-ahead--, therefor.

in Claim 11, Column 31, Line 61, please replace “lockahead” with ~-look-ahead-- therefor

MAILING ADDRESS OF SENDER (Please do not use Customer Number below):

€225 Buckhorn Ridge Place
San Miguel, California 93451

This collection of information is required by 37 CFR 1.322, 1.323, and 1.324. The information is required to obiain or retain a benefil by the public which is to file
(and by the USPFTQO to procass) an application. Confidentiality is govemad by 35 U.8.C. 122 and 37 CFR 1.14. This collection is estimated to take 1.0 hour to
complete, including gathering, preparing, and submiling the completad appiication form to the USPTQ. Time will vary depending upan the individual casa. Any
comments on the amount of ime you reguire to complete this form andfor suggsstions for reducing this burden, should be sent to the Chief Information Oficer,
U.8. Patent and Trademark Office, U.8. Department of Commearce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SEND TO: Attention Certificate of Corrections Branch, Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 223131450,

if you need assistance in compieting the form, calil 1-800-PTO-8188 and safect nplion 2.

Insta360
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Privacy Act Statement

The Privacy Act of 1874 {P.L. 93-579) requires that you be given certain information in conneaction
with your submission of the attached form related 1o 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(0){2); (2) furnishing of the informalion soliciied is voluniary;
and (33 the principal purpose for which the information is used by the U.S. Palent and Trademark
Office is 10 process and/or examine your submission related to a patent application or patent. i you do
not furnish the requested information, the U.S. Palent and Trademark Office may not be able to
process and/or examine your submission, which may result in terminatlion 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 Acl (5 U.8.C 5352a). Records from
this system of records may be disclosed {o the Department of Justice to determine whether
disciosure of these records is required by the Freedom of Information Act.

A record from this system of records may be disclosed, as a routine use, in the course of
presenting evidence {0 a couri, magistrale, or adminisirative tribunal, including disclosures to
opposing counsel in the course of settiement negoliations.

A record in this system of records may be disclosed, as a routine use, 1o a Member of
Congress submilting a request involving an individual, to whom the record partains, when the
individual has requested assistance from the Member with respect {o the subject matller of the
record.

A record in this system of records may be disclosed, as a rouling use, {0 a contracior of the
Agency having need for the information in order {o perform a contract. Recipients of
information shall be required to comply with the requirements of the Privacy Act of 1874, as
amended, pursuantio 5 U.S.C. 55Za{m).

A record related 1o an international Application filed under the Patent Cooperation Treaty in
this system of racords may be disclosad, as a routine use, o the Inlernational Bureau of the
World intellectual Property Organization, pursuant {o the Palent Cooperation Trealy.

A record in this system of records may be disclosed, as a routine use, {0 another federsl
agency for purposes of National Securily review (35 U.S.C. 181) and for raview pursuant to
the Alomic Energy Act (42 U.5.C. 218{0)).

A record from this sysiem of records may be disclosed, as a rouine use, o 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 authorily of 44 U.8.C. 2804 and 2808, Such disclosure shall
be made in accordance with the GSA regulations govemning inspection of records for this
purpose, and any other relevant (e, GSA or Commerce) directive. Such disclosure shall not
be used to make determinations aboul individuals.

A record from this system of records may be disclosed, as a routine use, o the public after
either publication of the application pursuant {0 35 U.8.C. 122(b} or issuance of a patent
pursuant o 35 U.S.C. 151, Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, 1o the public if the record was filed in an application which
became abandonad or in which the proceedings were terminated and which application is
referenced by either a published application, an application open {o public inspection or an
issued patent.

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

Insta360
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Electronic Patent Application Fee Transmittal

Application Number: 16713798

Filing Date: 13-Dec-2019

Title of Invention: SYSTEMS AND METHODS FOR STABILIZING VIDEOS
First Named Inventor/Applicant Name: Cesar Douady

Filer: D. Benjamin Esplin/Lynn Han

Attorney Docket Number: 46DG-026085

Filed as Large Entity

Filing Fees for Utility under 35 USC 111(a)

Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in

Basic Filing:

Pages:

Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

CERTIFICATE OF CORRECTION 1811 1 160 160
Insta360
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Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in
Extension-of-Time:
Miscellaneous:
Total in USD ($) 160
Insta360
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Electronic Acknowledgement Receipt

EFS ID: 47516130
Application Number: 16713798
International Application Number:
Confirmation Number: 2783

Title of Invention:

SYSTEMS AND METHODS FOR STABILIZING VIDEOS

First Named Inventor/Applicant Name:

Cesar Douady

Customer Number:

177600

Filer:

D. Benjamin Esplin/Lynn Han

Filer Authorized By:

D. Benjamin Esplin

Attorney Docket Number:

46DG-026085

Receipt Date: 10-FEB-2023
Filing Date: 13-DEC-2019
Time Stamp: 14:56:51

Application Type:

Utility under 35 USC 111{(a)

Payment information:

Submitted with Payment yes

Payment Type CARD

Payment was successfully received in RAM $160

RAM confirmation Number E202320E57169889
Deposit Account 602731
Authorized User Lynn Han

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

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

37 CFR 1.17 (Patent application and reexamination processing fees)

Insta360
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37 CFR 1.19 (Document supply fees)
37 CFR 1.20 {Post Issuance fees)

37 CFR 1.21 {Miscellaneous fees and charges)

File Listing:
Document .. . File Size(Bytes Multi Pages
Document Description File Name ( y i . . 9
Number Message Digest | Part/.zip| (ifappl.)
207438
1 Request for Certificate of Correction 46DG—026085_Reqgest_Certlflc no 2
ate_of_Correction.pdf
81209e894a84b1e5d2dde0e902d74cbcad
dosoa3
Warnings:
Information:
202774
2 Request for Certificate of Correction 46DG-026085_CoC.pdf no 2
993a5f71b3ea6d4220ef8cfc9d 1bf52be884,
555b
Warnings:
Information:
38124
3 Fee Worksheet (SB06) fee-info.pdf no 2
525187115f1c58b9dde72de2cdbcb8db80g
6a20e
Warnings:
Information:
Total Files Size (in bytes): 448336

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

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 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.

Insta360
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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.0O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER PATENT NUMBER GROUP ART UNIT REQUEST ID

16/713,798 10958840 2697 134813

PAIR Correspondence Address/Fee Address Change

The following fields have been changed to Customer Number 10802 on 03/22/2021 via Private PAIR in view of
the certification copied below that authorized the change.

* Maintenance Fee Address

The address for Customer Number 10802 is:
10802

Ipan Intellectual Property Associated Network GMBH
Munchener Strasse 14

Munich, D-85540

GERMANY

I certify, in accordance with 37 CFR 1.4(d)(4) that I am:

An attorney or Agent of Record registered to practice before the Patent and Trademark Office who has been given
power of attorney in this application

Signature: D. Benjamin Esplin/
Name: D. Benjamin Esplin
Registration Number: 58297

Insta360
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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 NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
16/713,798 03/23/2021 10958840 46DG-026085 2783
177600 7590 03/03/2021

GoPro Issuance
3025 Clearview Way
San Mateo, CA 94402

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment is O day(s). Any patent to issue from the above-identified application will include
an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information
Retrieval (PAIR) WEB site (http://pair.uspto.gov).

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 Application Assistance Unit (AAU) of the Office of Data Management (ODM) at
(571)-272-4200.

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants):

GoPro, Inc., San Mateo, CA;

Cesar Douady, Les Molieres, FRANCE;
Thomas Derbanne, Paris, FRANCE;
Maxim Karpushin, Paris, FRANCE;

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 USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation
works to encourage and facilitate business investment. To learn more about why the USA is the best country in
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.

IR103 (Rev. 10/09)

Insta360
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PTO/SB/122 (04-15)

Approved for use through 03/31/2021. OMB 0651-0035
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

Application Number 16/71 3,798

( CHANGE OF
CORRESPONDENCE ADDRESS | Filing Date 12-13-2019

Application First Named Inventor Cesar Douady
- 2697
Address to: Art Unit
g%ﬁgfjlﬂ]&% for Patents Examiner Name AMY R. HSU

Al dria, VA 22313-1450
\ exandria Attorney Docket Number | 46DG-026085 /

Please change the Correspondence Address for the above-identified patent application to:

The address associated with

Customer Number: 1 776 O O

OR
] Firmor
AAAAAAA 1 Individual Name
Address
City State Zip
Country
Telephone Email

This form cannot be used to change the data associated with a Customer Number. To change the
data associated with an existing Customer Number use “Request for Customer Number Data Change” (PTO/SB/124).

| am the:

Applicant/Inventor

Assignee of record of the entire interest.
Statement under 37 CFR 3.73(b) is enclosed. (Form PTO/SB/96).

Attorney or agent of record. Registration Number 58297

m Registered practitioner named in the application transmittal letter in an application without an
executed oath or declaration. See 37 CFR 1.33(a)(1). Registration Number

Signature

/D. Benjamin Esplin/

Typed or Printed S )
Name % D. Benjamin Esplin

Date February 16, 2021 Telephone - 260-249-2133

NOTE: Signatures of all the inventors or assignees of record of the entire interest or their representative(s) are required. Submit multiple
forms if more than one signature is required, see below”.

I:l*TotaI of forms are submitted.

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

ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0O-9199 and select option 2.
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Privacy Act Statement

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

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

1.

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

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 inspection 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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Electronic Patent Application Fee Transmittal

Application Number: 16713798

Filing Date: 13-Dec-2019

Title of Invention: SYSTEMS AND METHODS FOR STABILIZING VIDEOS
First Named Inventor/Applicant Name: Cesar Douady

Filer: D. Benjamin Esplin/Chelsea Pearsall

Attorney Docket Number: 46DG-026085

Filed as Large Entity

Filing Fees for Utility under 35 USC 111(a)

Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in

Basic Filing:

Pages:

Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

UTILITY APPL ISSUE FEE 1501 1 1200 1200
Insta360
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Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in
Extension-of-Time:
Miscellaneous:
Total in USD ($) 1200
Insta360
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Electronic Acknowledgement Receipt

EFS ID: 41938451
Application Number: 16713798
International Application Number:
Confirmation Number: 2783

Title of Invention:

SYSTEMS AND METHODS FOR STABILIZING VIDEOS

First Named Inventor/Applicant Name:

Cesar Douady

Customer Number:

137002

Filer:

D. Benjamin Esplin/Chelsea Pearsall

Filer Authorized By:

D. Benjamin Esplin

Attorney Docket Number:

46DG-026085

Receipt Date: 16-FEB-2021
Filing Date: 13-DEC-2019
Time Stamp: 19:42:14

Application Type:

Utility under 35 USC 111{(a)

Payment information:

Submitted with Payment yes

Payment Type CARD

Payment was successfully received in RAM $1200

RAM confirmation Number E20212FJ42392176
Deposit Account 602731

Authorized User

Chelsea Pearsall

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

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

37 CFR 1.17 (Patent application and reexamination processing fees)

Insta360
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37 CFR 1.19 (Document supply fees)
37 CFR 1.20 {Post Issuance fees)

37 CFR 1.21 {Miscellaneous fees and charges)

File Listing:
Document .. . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)

86868

46DG-026085_|ssue_Fee_Trans
- - - - no 1
1 Issue Fee Payment (PTO-85B) mittal_FINAL pdf

Se45c1ce7c22c5cef86950225dd4feeaacced]
e88

Warnings:

Information:

71119
2 Change of Address 46DG-026085_COA.pdf no 2
3e82e39c350bf8993ea6892164a8f5bfedfa
baf6
Warnings:
Information:
30728
3 Fee Worksheet (SB06) fee-info.pdf no 2
6a98b812abdc5b264ffec25993c94505487
besd1
Warnings:
Information:
Total Files Size (in bytes): 188715

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

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 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.

Insta360
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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 EFS-Web.

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 including the Patent, advance orders and notification of maintenance fees 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.

Note: A certificate of mailing can only be used for domestic mailings of the
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.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address)

137002 7590 01/22/2021 Certificate of Mailing or Transmission

ESplil’l & Associates (GOPI'O) 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
5411 Avenida Encinas addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
Suite 100 the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.
Carlsbad CA 92008 (Typed or printed name)
(Signature)
(Date)
| APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |

16/713,798 12/13/2019 Cesar Douady 46DG-026085 2783

TITLE OF INVENTION: SYSTEMS AND METHODS FOR STABILIZING VIDEOS

| 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 04/22/2021
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
HSU, AMY R 2697 348-208300
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 Esphn & ASSOCIate; PC

(2) The name of a single firm (having as a member a
registered attorney or agent) and the names of up to 2
2 registered patent attorneys or agents. If no name is
listed, no name will be printed.

N Change of correspondence address (or Change of Correspondence
Address form PTO/SB/122) attached.

(] "Fee Address” indication (or "Fee Address" Indication form PTO/
SB/47; Rev 03-09 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)

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)
GoPro, Inc. San Mateo, CA

Please check the appropriate assignee category or categories (will not be printed on the patent) : (] Individual Corporation or other private group entity (] Government

4a. Fees submitted: Wlssue Fee [Jpublication Fee (if required) [_JAdvance Order - # of Copies
4b. Method of Payment: (Please first reapply any previously paid fee shown above)

Rl Electronic Payment via EFS-Web (] Enclosed check (L] 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)

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
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
entity status, as applicable.

M| Applicant certifying micro entity status. See 37 CFR 1.29
M| Applicant asserting small entity status. See 37 CFR 1.27

M| Applicant changing to regular undiscounted fee status.

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 /D. Benjamin Esplin/ paee __February 16, 2021
Typed or printed name D. Benjamin Esphn Registration No. 58297
Page 2 of 3
PTOL-85 Part B (08-18) Approved for use through 01/31/2020 OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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Bibliographic Data
Application No: 16/713 ,798

Foreign Priority claimed: O Yes ®No
35 USC 119 (a-d) conditions met: D Yes No D Met After Allowance
Verified and Acknowledged: [/AMY R HSU/ |
Examiner's Signature Initials
Title: |SYSTEMS AND METHODS FOR STABILIZING VIDEOS
FILING or 371(c) DATE CLASS GROUP ART UNIT ATTORNEY DOCKET NO.
12/13/2019 348 2697 46DG-026085
RULE
APPLICANTS
GoPro, Inc., San Mateo, CA,
INVENTORS

Cesar Douady, Les Molieres, FRANCE
Thomas Derbanne, Paris, FRANCE
Maxim Karpushin, Paris, FRANCE

CONTINUING DATA
This application is a CON of 16587811 09/30/2019
16587811 is a CON of 16548549 08/22/2019 PAT 10536643
16548549 is a CON of 16392501 04/23/2019 PAT 10432864
16392501 has PRO of 62733237 09/19/2018

FOREIGN APPLICATIONS

IF REQUIRED, FOREIGN LICENSE GRANTED*#*
01/07/2020

STATE OR COUNTRY
FRANCE

ADDRESS

Esplin & Associates (GoPro)
5411 Avenida Encinas

Suite 100

Carlsbad, CA 92008
UNITED STATES

FILING FEE RECEIVED
$1,920

Insta360
Exhibit 1002 Page 26




Application/Control No. Applicant(s)/Patent Under Reexamination
Issue Classification |i¢713 798 Douady et al.
H “ ‘H“ Examiner Art Unit
AMY R HSU 2697

CPC

Symbol Type Version

HO4N 5 2328 F 2013:01-01

HO4N 5 2252 | 20430101

HO4N 5 144 | 2013-01-01

HO4N 5 2253 | 2013:01-01

HO4N 5 2254 | 2013-01-01

HO4N 5 232933 | 2018:08-01

HO4N 5 23258 | 2013:01-01

HO4N 5 23267 | 2013-01-01

CPC Combination Sets

Symbol Type Set Ranking Version
NONE

Total Claims Allowed:

(Assistant Examiner) (Date) 21
/AMY R HSU/ 16 January 2021 . . -
Primary Examiner, Art Unit 2697 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.: 20210116
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Application/Control No. Applicant(s)/Patent Under Reexamination
Issue Classification |i¢713 798

Douady et al.
H “ ‘H“ Examiner Art Unit
AMY R HSU 2697

INTERNATIONAL CLASSIFICATION
CLAIMED

HO04N5/232
HO04N5/225
HO4N5/14

NON-CLAIMED

US ORIGINAL CLASSIFICATION

CLASS SUBCLASS

CROSS REFERENCES(S)

CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)
NONE
Total Claims Allowed:

(Assistant Examiner) (Date) 21

/AMY R HSU/ 16 January 2021 . . A
Primary Examiner, Art Unit 2697 O.G. Print Claim(s) | O.G. Print Figure
(Primary Examiner) (Date) 1 1
U.S. Patent and Trademark Office Part of Paper No.: 20210116

Page 2 of 3
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/ssue Classification

Application/Control No.

Applicant(s)/Patent Under Reexamination

16/713,798 Douady et al.
Examiner Art Unit
AMY R HSU 2697

(O Claims renumbered in the same order as presented by applicant [J CPA

O T.0D. O R1.47

CLAIMS
Final |Original]Final |Original|Final [Original|Final [Original|Final [Original]Final |Original]Final |Original|Final |Original
1 9 10 18 19
2 2 10 11 19 20
3 3 11 12 20 21
4 4 12 13 21 22
1 5 13 14
5 6 14 15
6 7 15 16
7 8 16 17
8 9 17 18
NONE
Total Claims Allowed:
(Assistant Examiner) (Date) 21
/AMY R HSU/ 16 January 2021 . . -
Primary Examiner, Art Unit 2697 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.: 20210116
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Notice of Referernces Cited

Application/Control No. Applicant(s)/Patent Under
16/713,798 Reexamination
Douady et al.
Examiner Art Unit
AMY R HSU 2697 Page 1 of 1

U.S. PATENT DOCUMENTS

* Coumgoggg;i:ﬁgbgjzi; Code MI\/ID- ?}iYY Name CPC Classification US Classification
* [ A | US-20160006935-A1 01-2016 Zhou; Jianping HO4N5/23258 348/208.1
* | B | US-20150350548-A1 12-2015 Beysserie; Sebastien X. HO4N5/23254 348/208.6
* [ ¢ | US-10432864-B1 10-2019 Douady; Cesar HO4N5/2254 171
* D | US-10341564-B1 07-2019 Derbanne; Thomas HO04N5/23267 11
* E | US-9787902-B1 10-2017 Beysserie; Sebastien X. HO04N5/23267 11
* F | US-20150022677-A1 01-2015 Guo; Kai HO4N5/23254 348/208.1
* | G | US-20130182134-A1 07-2013 Grundmann; Matthias HO4N5/23264 348/208.6
* | H | US-20120105654-A1 05-2012 Kwatra; Vivek G06T7/246 348/208.4
* I | US-20170085740-A1 03-2017 Lin; Shang-Hung HO4N5/23261 171

J

K

L

M

FOREIGN PATENT DOCUMENTS

* 00untlrj;/ogg£i?:rr’:lbirlgii; Code MI\/ID- ?}?(YY Country Name CPC Classification

N

0]

P

Q

R

S

T

NON-PATENT DOCUMENTS

* Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages)

u

\

W

X

*A copy of this reference is not being furnished with this Office action. (See MPEP § 707.05(a).)
Dates in MM-YYYY format are publication dates. Classifications may be US or foreign.

U.S. Patent and Trademark Office
PTO-892 (Rev. 01-2001)

Notice of References Cited

Part of Paper No. 20210116
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Application/Control No. Applicant(s)/Patent Under Reexamination
Search Notes 16/713,798 Douady et al.
T s
AMY R HSU 2697
CPC - Searched*
Symbol Date Examiner
HO04N5/144 OR H04N5/2252 OR H04N5/2253 OR H04N5/2254 OR ah
HO04N5/23258 OR H04N5/23267 OR H04N5/2328 OR HO4N5/ 11/06/2020
232933
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.

Search Notes

Search Notes Date Examiner
subclass search and keyword search for weight balance, stabilization 11/06/2020 ah
, sSmoothed trajectory; NPL search
update search, claim interference search, inventor name search 1/16/2021 ah
Interference Search
US Class/CPC US Subclass/CPC Group Date Examiner
Symbol

see claim interference search history attached 01/16/2021 ah

U.S. Patent and Trademark Office

Page 1 of 1

Part of Paper No.: 20210116
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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.UsSpto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
137002 7590 01/22/2021
Esplin & Associates (GoPro) HSU, AMY R
5411 Avenida Encinas
Suite 100 | ART UNIT PAPER NUMBER |
Carlsbad, CA 92008 2697
DATE MAILED: 01/22/2021
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. | CONFIRMATION NO.
16/713,798 12/13/2019 Cesar Douady 46DG-026085 2783

TITLE OF INVENTION: SYSTEMS AND METHODS FOR STABILIZING VIDEOS

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 04/22/2021

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 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity
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 and an extra copy of the form should be submitted. 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. All 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.
Page 1 of 3

PTOL-85 (Rev. 02/11)
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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 EFS-Web.

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 including the Patent, advance orders and notification of maintenance fees 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.

Note: A certificate of mailing can only be used for domestic mailings of the
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.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address)

137002 7590 01/22/2021 Certificate of Mailing or Transmission

ESplil’l & Associates (GOPI'O) 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
5411 Avenida Encinas addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
Suite 100 the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.
Carlsbad CA 92008 (Typed or printed name)
(Signature)
(Date)
| APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |

16/713,798 12/13/2019 Cesar Douady 46DG-026085 2783

TITLE OF INVENTION: SYSTEMS AND METHODS FOR STABILIZING VIDEOS

| 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 04/22/2021
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
HSU, AMY R 2697 348-208300
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
2 registered patent attorneys or agents. If no name is
listed, no name will be printed.

M| Change of correspondence address (or Change of Correspondence
Address form PTO/SB/122) attached.

(] "Fee Address” indication (or "Fee Address" Indication form PTO/
SB/47; Rev 03-09 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)

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: [ Missue Fee [Jpublication Fee (if required) [_JAdvance Order - # of Copies
4b. Method of Payment: (Please first reapply any previously paid fee shown above)

(] Electronic Payment via EFS-Web (] Enclosed check (L] 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)

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
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
entity status, as applicable.

M| Applicant certifying micro entity status. See 37 CFR 1.29
M| Applicant asserting small entity status. See 37 CFR 1.27

M| Applicant changing to regular undiscounted fee status.

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 (08-18) Approved for use through 01/31/2020 OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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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.UsSpto.gov

| APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
16/713,798 12/13/2019 Cesar Douady 46DG-026085 2783
| EXAMINER |
137002 7590 01/22/2021
Esplin & Associates (GoPro) HSU, AMY R
5411 Avenida Encinas
Suite 100 | ART UNIT PAPER NUMBER |
Carlsbad, CA 92008 2697

DATE MAILED: 01/22/2021

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(Applications filed on or after May 29, 2000)

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.

Page 3 of 3

PTOL-85 (Rev. 02/11)
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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 a collection
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. Accordingly, pursuant to the requirements
of the Act, please be advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)
(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information
is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent
application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark Office may not
be able to process and/or examine your submission, which may result in termination of proceedings or abandonment
of the application or expiration of the patent.

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

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

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

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

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

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

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

7. 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 inspection or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Application No. Applicant(s)
; . 16/713,798 Douady et al.
Notice of Allowability Examiner ArtUnit | AlA (FITF) Status
AMY R HSU 2697 Yes

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

1.4} This communication is responsive to claims dated 1/11/2021.
[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 2-22 . 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 by (JSome  *c) [J None of the:
1. [ Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [J 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..J 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.[J Information Disclosure Statements (PTO/SB/08), 6. ¥} Examiner's Statement of Reasons for Allowance
Paper No./Mail Date .

3.0 Examiner's Comment Regarding Requirement for Deposit 7. J Other .

of Biological Material .
4.{] Interview Summary (PTO-413),
Paper No./Mail Date.

/AMY R HSU/
Primary Examiner, Art Unit 2697

U.S. Patent and Trademark Office .
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20210116
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Application/Control Number: 16/713,798 Page 2
Art Unit: 2697

DETAILED ACTION

Allowable Subject Matter
1. Claims 2-22 are allowed.
2. The following is an examiner’s statement of reasons for allowance: In the prior
art, U.S. Pub. No. 2015/0350548 to Beysserie et al. teaches a digital image capture
device to stabilize a video stream in real-time by using an overscan region and a look-
ahead technique enabled by buffering a number of video input frames before generating
a first stabilized video output frame. Further, U.S. Pub. No. 2015/0022677 to Guo et al.
teaches a method and system to process video images to remove jitteriness due to
hand shake by comprising a series of successive image frames of a scene of interest
and estimate a global camera motion from successive frames, stabilize the camera
motion by establishing an upper bound and a lower bound of global camera motion and
smoothing the curve of the camera motion between the upper and lower bounds.
However, the prior art of record does not teach all of the limitations of the currently
claimed invention.

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.”

Conclusion
3. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to AMY R HSU whose telephone number is (571)270-

3012. The examiner can normally be reached on 9am-5pm.

Insta360
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Application/Control Number: 16/713,798 Page 3
Art Unit: 2697

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, Lin Ye can be reached on (571)272-7372. The fax phone number for the
organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see https://ppair-
my.uspto.gov/pair/PrivatePair. Should you have questions on access to the Private
PAIR system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free).
If you would like assistance from a USPTO Customer Service Representative or access

to the automated information system, call 800-786-9199 (IN USA OR CANADA) or 571-

272-1000.
AMY R. HSU
Examiner
Art Unit 2664
/AMY R HSU/

Primary Examiner, Art Unit 2697
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EAST Search History

EAST Search History (Prior Art)

Ref Hits Search Query  DBs  Default Plurals Time

I T ... Operator Stamp

L1 64  ((HO4N5/144 OR HO4N5/2252 OR Us-  OR OFF  2021/01/16

- ' HO4N5/2253 OR HO4N5/2254 OR 'PGPUB; 115:00 %
'HO4N5/23258 OR HO4N5/23267 OR USPAT |

'HO4N5/2328 OR HO4N5/232933).CPC. ) and
 (determin$4 near4 window) same stabiliz$5

12 64 ((HO4N5/144 OR HO4N5/2252 OR Us-  OR OFF  2021/01/16
% % ' HO4N5/2253 OR HO4N5/2254 OR PGPUB; 115:00 f
- HO4N5/23258 OR HO4N5/23267 OR USPAT é

'HO4N5/2328 OR HO4N5/232933).CPC. ) and
(stabiliz$5) same (remot$4 near5 process$4)

L3 14 ( (HO4N5/144 OR HO4N5/2252 OR §US- ‘OR OFF  2021/01/16
? “HO4N5/2253 OR H04N5/2254 OR .PGPUB; :15:00 :
- HO4N5/23258 OR HO4N5/23267 OR USPAT ?
-HO4N5/2328 OR HO4N5/232933).CPC. ) and
“circular near5 buffer same stabiliz$5 :
4 24 ( (HO4N5/144 OR H04N5/2252 OR ‘US- ‘OR OFF  2021/01/16
- HO4N5/2253 OR H04N5/2254 OR PGPUB; :15:01 f
"HO4N5/23258 OR H04N5/23267 OR USPAT ?

HO4N5/2328 OR H04N5/232933).CPC. ) and
‘punch$out same stabiliz$5

5 8 (US-20160006935-$ or US-20150350548-% §us- OR OFF  2021/01/16 |
; g or US-20150022677-$ or US-20130182134-¢ PGPUB; 115:02 f
or US-20120105654-$).did. or (US- USPAT

10432864-$ or US-10341564-$ or US-
19787902-$).did.

.6 7 ' L5 and (weight$balance weight lowslight ~ US- OR OFF  2021/01/16
% % - high$pass sticky stickiness) .PGPUB; :15:02 ?
f USPAT | |
L7 9 :(US-20160006935-$ or US-20150350548-$  US- ‘OR OFF  2021/01/16
%or US-20150022677-$ or US-20130182134-$ SPGPUB; :15:02 5
‘or US-20120105654-$ or US-20170085740- USPAT ?

' $).did. or (US-10432864-$ or US-10341564-
' $ or US-9787902-$).did. s

m’ 9 (US-20160006935-$ or US-20150350548-5  US-  OR OFF  2021/01/16
; g - or US-20150022677-$ or US-20130182134-$ PGPUB; 115:07 f
or US-20120105654-$ or US-20170085740- USPAT

-$).did. or (US-10432864-$ or US-10341564-
°$ or US-9787902-%).did. 5

19 6  L8and (velocity acceleration) Us-  OR OFF  2021/01/16
% f % PGPUB; 115:07 '
'USPAT | |
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L10 14 ( (HO4N5/144 OR HO4N5/2252 OR US- OR SOFF 52021/01/16
? 5 “HO4N5/2253 OR H04N5/2254 OR .PGPUB; :15:07 ?
HO4N5/23258 OR HO4N5/23267 OR SUSPAT 5 5 5
- HO4N5/2328 OR H04N5/232933).CPC. ) and
“circular same buffer same stabiliz$5 5

( (HO4N5/144 OR HO4N5/2252 OR U OR OFF  2021/01/16
'HO4NS5/2253 OR HO4N5/2254 OR PGPUB; | 15:08 |
'HO4NS5/23258 OR HO4N5/23267 OR USPAT |
'HO4N5/2328 OR H04N5/232933).CPC. ) and

- smooth$4 near3 trajectory 5

L2 4 - ( (HO4N5/144 OR H04N5/2252 OR Us-  OR OFF  2021/01/16
% - HO4N5/2253 OR HO4N5/2254 OR PGPUB; 115:08 %
- HO4N5/23258 OR HO4N5/23267 OR "USPAT %

' HO4N5/2328 OR HO4N5/232933).CPC. ) and
- smooth$4 near3 trajectory same horizon 5

3 7 ( (HO4N5/144 OR HO4N5/2252 OR Us- OR OFF  2021/01/16
: :HO4N5/2253 OR HO4N5/2254 OR .PGPUB; :15:08 5
- H04N5/23258 OR H04N5/23267 OR 'USPAT ?

“HO4N5/2328 OR H04N5/232933).CPC. )and
- smooth$4 near3 trajectory and temporal
:near3 horizon

L14 7 :( (HO4N5/144 OR H04N5/2252 OR US- OR OFF  2021/01/16
: :HO4N5/2253 OR H04N5/2254 OR ‘PGPUB; :15:08 :
- HO4N5/23258 OR HO4N5/23267 OR USPAT ?

:HO4N5/2328 OR H04N5/232933).CPC. ) and
:smooth$4 near3 trajectory and temporal ?
-same horizon

L15 99 ((HO4N5/144 OR HO4N5/2252 OR us-  OR OFF  2021/01/16
HO4N5/2253 OR H04N5/2254 OR iPGPUB; :15:08 5
:HO4N5/23258 OR HO4N5/23267 OR USPAT 5
‘H04N5/2328 OR H04N5/232933).CPC. ) and -
-smooth$4 near3 trajectory 5

116 41 ((HO4N5/144 OR H04N5/2252 OR US- OR OFF  2021/01/16
- HO4N5/2253 OR H04N5/2254 OR PGPUB; 115:08 %
- H04N5/23258 OR H04N5/23267 OR 'USPAT ?

' HO4N5/2328 OR H04N5/232933).CPC. ) and
-smooth$4 near3 trajectory and horizon$4

117 5  I8and (horizon$4) U OR OFF  2021/01/16
. PGPUB; 15117 |

L18 4 I18and (horizon$4) and ahead$4 Us-  OR OFF  2021/01/16
g z § PGPUB; 115:18 5
119 4 Band(horzonsd)andsheadsdand  Us  OR  OFF  2021/01/16
% - smooth$4 PGPUB; ;15:18
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118 and (horizon$4) and ahead$4 and
-smooth$4 same trajectory

18 and (horizon$4) and ahead$4 and

?2021/01/16§

;15:18

12021/01/16

-smooth$4 same trajectory same delay$4 115:18

12021/01/16
15:22 |

12021/01/16
.15:22 5

(cesar and douady).in. or (thomas and 12021/01/16
gderbanne).in. or (maxim and karpushin).in. 115:22 ?

12021/01/16
15:23 |

12021/01/16
115:23

12020/11/05

13:19 |
''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 2020/11/05
113:20 5
S3 4 S2and (smoothed near3 trajectory) same ~ US-  OR  OFF 2020/11/05
-punchout same viewing near3 window.clm. 113:21 ?

12020/11/05
132

§S4 : :S3 and (weight$balance stickiness
5 3 lowslight).clm.

1S3 and (weight$balance stickiness lowslight) US- OR 12020/11/05
‘and look$ahead.cm. f 113:23

S3 and (weight$balance stickiness lowslight) US-  OR 2020/11/05
-and look$ahead same placement.cim. i 13:23 f

S3 and ((weight$balance stickiness 2020/11/05
‘lowslight) and look$ahead same 113:24 f
- placement).clm. 5

12020/11/05
113:27
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:S8 and (field near3 view near3 larged near5
size).clm.

'S8 and (field near3 view near3 larger nears
gsize).clm.

S8 and (field near3 view near3 larger near5
.size) same position near3 sensor.clm.

:S8 and (field near3 view near3 larger near5
:size) same position near3 sensor same
rotational near3 positions.cim.

:S8 and (field near3 view near3 larger near5
-size) same position near3 sensor same

i rotational near3 positions same look$ahead
:same weight$balance.clm.

:S8 and (field near3 view near3 larger near5
-size) same position near3 sensor same

: rotational near3 positions same look$ahead
:and weight$balance.cim.

:$8 and (field near3 view near3 larger near5
“size) same position near3 sensor same
 rotational near3 positions same look$ahead
:same placement near4 viewing near3
‘window same visual near3 content.clm.

:S8 and (field near3 view near3 larger near5
-size) same position near3 sensor same

i rotational near3 positions same look$ahead
‘same placement near4 viewing near3
‘window same visual near3 content same

- punchout.cim.

:S8 and (field near3 view near3 larger near5
:size) same position near3 sensor same

‘ rotational near3 positions same look$ahead
-same placement near4 viewing near3
:window same visual near3 content same
‘punchout same selective near3

- cropping.cim.

§S8 and (system near3 stabilizes) same
- physical near3 processors.cim.

:S8 and (system near3 stabilizes) same
: physical near3 processors same determine
‘near3 trajectory same smoothed near3
§trajectory same viewing near3 window.clm.

OFF  2020/11/05
113:28 5
OFF  2020/11/05
’ 113:28
OFF  2020/11/05
' 113:28 f
OFF  2020/11/05
113:29 5
OFF  2020/11/05
113:29 5
OFF  2020/11/05
113:30 :
OFF  2020/11/05
113:30 é
OFF  2020/11/05
113:31 ?
OFF  2020/11/05
113:31 5
OFF  2020/11/05
' 113:53
OFF  2020/11/05
113:54 f
OFF  2020/11/05
113:57
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'S21 82 :("10271021" | "20110102609" | US- ‘OR OFF  2020/11/05

i : :"20130343728" | "20140063271" | PGPUB; § 114:01 :
:"20140063272" | "20140160309" | USPAT 5 5
:"20150189178" | "20160048216" | 5
:"20170078577" | "20190215495" |
:"20190348075" | "6982746" | "10015308" |
1"10542215" | "20080307329" |
:"20100033614" | "20110063236" |
:"20120137236" | "20130141600" |
1"20160124917" | "20160191800" |
:"20160224225" | "20160227105" |
-"20160255273" | "20180121057" |
:"20190191090" | "9819857" | "10432864" |
1"20130002813" | "20170041545" |
:"20170142337" | "20180041705" |
:"20180048821" | "20180220073" |
:"20190124267" | "0000030" | "10262691" |
:"10284794" | "10341564" | "20030160862" |
:"20030210327" | "20040010804" | :
:"20040125133" | "20060291841" |
:"20090278917" | "20100277617" |
:"20100281375" | "20100299630" |
:"20110013778" | "20110242352" |
1"20120206565" | "20130058535" |
:"20130177168" | "20130210563" |
:"20130250047" | "20130329132" |
:"20140028876" | "20140266773" |
1"20140267586" | "20140267590" |
:"20150146014" | "20150159846" |
:"20150350548" | "20160006935" |
1"20160360109" | "20170070689" |
:"20170084086" | "20170085964" |
:"20170094169" | "20170289454" |
1"20170359534" | "20180199025" |
:"20180324358" | "6654019" | "8022948" |
:"8237787" | "9144714" | "9279983" |
:"9363569" | "9374532" | "9426430" |

1"9787902").PN.

S22 9 1521 and (smooth$4 near3 trajectory) Us-  OR OFF  2020/11/05
% PGPUB; 114:02 s

] | S L. oL 0 S T I
S23 5 1521 and (smooth$4 near3 trajectory) and ~ US-  OR OFF  2020/11/05
:  (look$4 near3 aheads$4) PGPUB; 114:03 f
N S R ST
524 3 /521 and (smooth$4 near3 trajectory) and ~ US-  OR OFF  2020/11/05
: : (look$4 near3 ahead$4) and determin$4 PGPUB; 114:04 :
,,,,,,,,,,,,,,,,,,,,,,,,,,,,, near3trajectory  USPAT
S5 2 /521 and (smooth$4 near3 trajectory) and ~ US-  OR OFF  2020/11/05
f : (look$4 near3 ahead$4) and determin$4 PGPUB; 114:08 '
v : -near3 trajectory and window USPAT VVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVV L L
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S26 1 "9787902".pn. and window us-  OR OFF  2020/11/05
. PGPUB; 14:08

827 1 "9787902".pn. and frame$1 Us-  OR OFF  2020/11/05
% % % PGPUB; 114:09

1S28 19 :S21 and (determin$4 near5 (window (field  US- OR OFF  2020/11/05
‘near3 view))) PGPUB; 14:11 5

'S29 4 521 and punch$out us-  OR OFF  2020/11/05
% PGPUB; 14:12 5

30 1 "16587811" 'USPAT  OR OFF  2020/11/05
: : : : : 5 14:12 :

S31 3 "16587811" Us-  OR OFF  2020/11/05
% % % PGPUB; 114:13

.S32 136,283 :( (HO4N5/144 OR HO4N5/2252 OR US- ‘OR ‘OFF  :2020/11/05
- HO4N5/2253 OR H04N5/2254 OR PGPUB; 14:13 5
‘HO4N5/23258 OR H04N5/23267 OR USPAT 5

- HO4N5/2328 OR H04N5/232933).CPC. ) :

:S33 22 :( (HO4N5/144 OR H04N5/2252 OR US- OR §OFF 32020/11/05
‘HO4N5/2253 OR H04N5/2254 OR ‘PGPUB; :14:13 :
HO4N5/23258 OR H04N5/23267 OR §USPAT 5 5
‘HO4N5/2328 OR H04N5/232933).CPC. ) and

‘punch$out same stabiliz$5

'S34 :61  :( (HO4N5/144 OR H0O4N5/2252 OR US- ‘OR OFF  2020/11/05
-HO4N5/2253 OR HO4N5/2254 OR PGPUB; 14:14 f
“HO4N5/23258 OR H04N5/23267 OR 'USPAT :

- H04N5/2328 OR H04N5/232933).CPC. Y and
 (determin$4 near4 window) same stabiliz$5

S35 23 S34and gopro.as. us-  OR OFF  2020/11/05
. g PGPUB; 14:14

636 38  :S34notS35 US- OR OFF  2020/11/05
PGPUB; 14:14

'S37 9 S36and (window near5 time) U OR OFF  2020/11/05
T PGPUB; 14:15 s

S38 29 36 not S37 Us-  OR OFF  2020/11/05
% % PGPUB; 114:15 ?

$39 8 - (US-20160006935-$ or US-20150350548-5  US-  OR OFF  2020/11/05
| % or US-20150022677-$ or US-20130182134-¢ PGPUB; | 14119
or US-20120105654-$).did. or (US- USPAT f |

Insta360
Exhibit 1002 Page 44



:10432864-$ or US-10341564-$ or US-
19787902-%).did.

S40 8 S39 and (stabiliz5) and (ahead$4 Us-  OR OFF  2020/11/05
5 % gsubsequent$4 later$4 look$ahead) ;PGPUB; 114:19 ?

541 8 /539 and (ahead$4 subsequent$4 later$4 ~ US-  OR OFF  2020/11/05
-look$ahead) .PGPUB; ;14:20 f

542 7 S41and (weight$balance weight lowslight US-  OR OFF  2020/11/05
% : “highs$pass sticky stickiness) _PGPUB; 114:22 ?

543 7 1539 and (weight$balance weight low$light  US- OR OFF  2020/11/05
: -high$pass sticky stickiness) PGPUB; 14:22 f

'S4 6 S39and (weight$balance weight lowslight ~ US-  OR OFF  2020/11/05
% % “high$pass sticky stickiness) same (smooth$4 PGPUB; 114:23 :
- trajectory) "USPAT : :

S45 3 S39 and (weight$balance weight lowglight ~ US-  OR OFF  2020/11/05
i % - high$pass sticky stickiness) same (smooth$4 PGPUB; 114:24 ?
: trajectory) same parameter$4 USPAT : :

546 2 "20150350548" Us-  OR OFF  2020/11/05
PGPUB; 14:41

S47 2 "20150350548" and (determin$4 near5 us-  OR OFF  2020/11/05
o trajectory) PGPUB; 14141 |

548 12 1"20150350548" and trajectory and Us-  OR OFF  2020/11/05
 (determin$4 near5 trajectory) .PGPUB; 14:42 i

549 2 1"20150350548" and trajectory and Us-  OR OFF  2020/11/05
: : i (determin$4 near5 trajectory) and .PGPUB; 14:42 é
‘ look$ahead ‘USPAT : :

S50 2 "20150350548" and trajectory same Us-  OR OFF  2020/11/05
% f . position$4 PGPUB; 14:48 5

S51 2 "20150350548" and trajectory us-  OR OFF  2020/11/05
: PGPUB; 14:49 f
$52 2 "20150350548" and trajectoryand ~ US-  OR OFF  2020/11/05 |
% ;position$1 ;PGPUB; 14:54 ?
$53 2 "20150350548" and trajectoryand Us-  OR  OFF  2020/11/05
- position$1 and gyroscop$4 .PGPUB; 14:59

Insta360
Exhibit 1002 Page 45



554 :"20150350548" and trajectory and US- OR OFF  2020/11/05
: - position$1 and gyroscop$4 and motion PGPUB; 115:00 i
f USPAT | | |
S55 2 "20150350548" and sensor Us- OR OFF  2020/11/05
: PGPUB; 115:10
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, USPAT
S56 2 "20150350548" and lens Us- OR OFF  2020/11/05
: PGPUB; 115:11 f
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, USPAT
1§57 2 "20150350548" and look$ahead Us- OR OFF  2020/11/05
2 PGPUB; 115:14 f

USPAT f
S58 2 "20150350548" and look$ahead same Us- ‘OR OFF  2020/11/05
: :smooth$4 .PGPUB; 115:15 ?

| , f _USPAT :
$59 2 "20150350548" and look$ahead Us- OR OFF  2020/11/05
: PGPUB; 115:15 é
USPAT | | |
S60 2 "20150350548" and look$ahead and future  US- OR OFF  2020/11/05
: PGPUB; 115:16
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, USPAT
561 0 "20150350548" and crop$4 Us- OR OFF  2020/11/05
? PGPUB; 115:20 f
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, USPAT
S62 0 "20130182134" and "20150022677" Us- OR OFF  2020/11/05
? PGPUB; 115:21 f

USPAT f
S63 3 "20130182134" "20150022677" us- OR OFF  2020/11/05
' s PGPUB; : :

15:21

1563 and (subsequent$4 look$ahead) Us- OR OFF 2020/11/05
: PGPUB; | s 15:22 s
USPAT | | |

S65 1 "20150022677" and "405" Us- OR OFF  2020/11/05
: 'PGPUB; 115:26
, , , (USPAT :
1566 :1 "20150022677" and window same smooth$4 SUS- OR OFF 22020/11/05
? 'PGPUB; 115:27 f
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, USPAT
S67 2 "20150350548" and rotation$4 us- OR OFF  2020/11/05
z PGPUB; 115:35 f
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, USPAT
568 8 (US-20160006935-$ or US-20150350548-5  US-  OR OFF  2020/11/05

- or US-20150022677-$ or US-20130182134-$ PGPUB; 115:38

- or US-20120105654-$).did. or (US- USPAT %

110432864-$ or US-10341564-$ or US- f

19787902-3).did. | | | |
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569 2 1568 and remot$4 near3 process$4 uUs- OR OFF  2020/11/05
o PGPUB; 15:38 |

'S70 161 ((HO4N5/144 OR H04N5/2252 OR uUs-  OR OFF  2020/11/06
% % - HO4N5/2253 OR H04N5/2254 OR PGPUB; 110:06
H04N5/23258 OR H04N5/23267 OR 'USPAT
' HO4N5/2328 OR H04N5/232933).CPC. ) and
- (stabiliz$5) same (remot$4 near5 process$4)

S71 9 - (US-20160006935-$ or US-20150350548-$  US- ‘OR OFF  2020/11/06
? ? ‘or US-20150022677-$ or US-20130182134-$ PGPUB; 110:36
-or US-20120105654-$ or US-20170085740- USPAT ? ?

- $).did. or (US-10432864-$ or US-10341564-
‘$ or US-9787902-%).did. 5

S72 4 S71and (real$time$4) us- OR OFF  2020/11/06
| g PGPUB; | 110:37 %

§73 9 S71and jitter$4 us-  OR OFF  2020/11/06
% % % PGPUB; 110:40
S74 2 "20150350548" and smooth$4  US-  OR  OFF  2020/11/06
PGPUB; 10:41

"20150350548" and exposure Uus-  OR OFF  2020/11/06
: PGPUB; 110:46 |

S76 4 1571 and (exposure) Us-  OR OFF  2020/11/06
PGPUB; 1046

577 2 1571 and (exposure) same smooth$4 Us-  OR OFF  2020/11/06
5 % PGPUB; 10:47 a

S78 4 "16548549" "16392501" us-  OR OFF  2020/11/06
% % % PGPUB; 110:50

S79 4 1578 and (smooth$4 near3 trajectory) same  US- OR OFF  2020/11/06
? subsequent.cim. PGPUB; 110:50 :

1580 4 'S78 and (smooth$4 near3 trajectory) same  US-  OR OFF  2020/11/06
? ‘subsequent same viewing near3 window PGPUB; 110:50 f
-same punchout.clm. "USPAT : f

S8l 8 "10432864" us  OR OFF  2020/11/06
PGPUB; 1149
82 4 "0s3%e43 U OR  OFF  2020/11/06
? ? PGPUB; 111:49
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583 1 :"16713798" US- OR OFF  2020/11/06
g 'PGPUB; 114:36 é

S84 0 "20150350548" and housing Us-  OR OFF  2020/11/06
% % % PGPUB; 114:45

S85 2 "20150350548" and device Us-  OR OFF  2020/11/06
% : : PGPUB; 114:45 f

S8 0 "20150350548" and outside$4 us-  OR OFF  2020/11/06
T PGPUB; 114:46 |

S87 0 "20150350548" and environment$4 Us-  OR OFF  2020/11/06
o PGPUB; 14:46 |

S88 2 1"20150350548" and (optic$4 lens$4) Us-  OR OFF  2020/11/06
; % 'PGPUB; 14:47 é

589 2 "20150350548" and gyroscope Us-  OR OFF  2020/11/06
% : : PGPUB; 114:48

1S90 2 :"20150350548" and rotation$4 US- OR OFF  2020/11/06
PGPUB; 14:49
591 0 "20150350548" and weight$4 same  US-  OR OFF  2020/11/06
? - balanc$4 .PGPUB; ;14:55 f

S92 2 "20150350548" and weight$4 Us-  OR OFF  2020/11/06
: : PGPUB; 114:55 ?

S93 2 "20150350548" and translation$4 U OR OFF  2020/11/06
N 5 PGPUB; 14:59 |

594 2 "20150350548" and position$4 Us-  OR OFF  2020/11/06
% % % PGPUB; 115:00

S95 2 "20150350548" and gyroscop$4 Us-  OR OFF  2020/11/06
PGPUB; 1501
59 2 "20150350548" and (motion mov$5) near5 | US-  OR OFF  2020/11/06
L times4 PGPUB; 15:01
597 2 "20150350548" and smooth$4 us-  OR  OFF  2020/11/06
% % PGPUB; 115:03
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598 2 1"20150350548" and smooth$4 Us-  OR OFF  2020/11/06
'PGPUB; 115:03

S99 0 "20150350548" and smooth$4 near3 us-  OR OFF  2020/11/06
? ? . chang$4 PGPUB; 115:03 i

15100 0 "20150350548" and (boostrap guess$4 Us-  OR OFF  2020/11/06
‘estimat$4 interpolat$4) PGPUB; 115:05 :

S101:9 (US-20160006935-$ or US-20150350548-  US-  OR OFF  2020/11/06
or US-20150022677-$ or US-20130182134-$ PGPUB; 115:05 |
or US-20120105654-$ or US-20170085740-  USPAT |
$).did. or (US-10432864-$ or US-10341564-
§ or US-9787902-$).did. |

151026 15101 and (boostrap guess$4 estimat$4 Us-  OR OFF  2020/11/06
-interpolat$4) PGPUB; 115:05 f

5103 5 15101 and (boostrap guess$4 estimat$4 Us-  OR OFF  2020/11/06
-interpolat$4) same smooth$4 _PGPUB; 115:06 f

S1041  "16713798" Us- OR OFF  2020/11/06
.PGPUB; 115:08

S105°9 (US-20160006935-$ or US-20150350548-5 US-  OR OFF  2020/11/06
- or US-20150022677-$ or US-20130182134-¢ PGPUB; | 115:10
- or US-20120105654-$ or US-20170085740- USPAT | |
- $).did. or (US-10432864-$ or US-10341564-
$ or US-9787902-%).did. |

151062 15105 and (boostrap guess$4 estimat$4 Us-  OR OFF  2020/11/06
? -interpolat$4) same smooth$4 same PGPUB; 115:10 :
 trajectory USPAT f f

5107 5 15105 and (boostrap guess$4 estimat$4 Us-  OR OFF  2020/11/06
% % interpolat$4) same smooth$4 PGPUB; 115:15 f

151081 15105 and (fine same coarse) Us-  OR OFF  2020/11/06
'PGPUB; 15:17
5109 1 S105and temporal near3 horizon$4 ~ US-  OR OFF  2020/11/06
PGPUB; | 115:18
S110 2 "20150350548" and (weight$4 weigh$4) ~ US-  OR  OFF  2020/11/06
.same past same future ;PGPUB; 115:19 ?
S111 1 "16713798" and reprojected.cim. U OR  OFF  2020/11/06
'PGPUB; 15:24
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:"20150350548" and (velocity acceleration
 rotation$4)

S105 and (velocity acceleration) same
 rotation$4

S105 and (velocity acceleration) same
rotation$4 same (weight$4 weigh$4)

§"20150350548" and buffer$4 same
- look$ahead

( (HO4N5/144 OR HO4N5/2252 OR
HO4N5/2253 OR H04N5/2254 OR
:HO4N5/23258 OR HO4N5/23267 OR 5
:HO4N5/2328 OR H04N5/232933).CPC. ) and .
circular near5 buffer same stabiliz$5 5

( (HO4N5/144 OR H04N5/2252 OR
:HO4N5/2253 OR H04N5/2254 OR
‘HO4N5/23258 OR H04N5/23267 OR .
- HO4N5/2328 OR H04N5/232933).CPC. ) and
 circular near5 buffer

1/16/2021 3:25:22 PM
C:\Users\ahsul\Documents\EAST\Workspaces\16_713798.wsp

OFF  2020/11/06
15:25 é
OFF  2020/11/06
’ 115:25
OFF  2020/11/06
' 15:26 f
OFF  2020/11/06
.15:26 5
OFF  2020/11/06
115:26 5
OFF  2020/11/06
15:45 é
OFF  2020/11/06
' 115:46
OFF  2020/11/06
' 15:46 f
OFF  2020/11/06
.15:46 5
OFF  2020/11/06 |
115:49 5
OFF  2020/11/06
115:49 ’
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Attorney Docket: 46DG-026085

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

AP'SLEiﬁgLEg; Cesar Douady, et al.
SERIAL NO. : 16/713,798
FILING DATE : December 13, 2019
ARTUNIT : 2697
EXAMINER : HSU, AMY R
FOR : SYSTEMS AND METHODS FOR STABILIZING VIDEOS

RESPONSE TO NON-FINAL OFFICE ACTION

Mail Stop AMENDMENT
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Dear Commissioner:
In response to the Non-Final Office Action dated November 12, 2020 (“Office
Action”), please consider the following amendments and remarks in the above-identified

application:

Amendments to the Claims are reflected in the listing of claims beginning on
page 2 of this paper.
Remarks/Arguments begin on page 11 of this paper.

It is believed no extensions of time or fees for net addition of claims are required
beyond those which may otherwise be provided for in documents accompanying this
paper. However, if additional extensions of time are necessary to prevent abandonment
of this application, then such extensions of time are hereby petitioned for under
37 C.F.R. § 1.136(a), and any fees required therefore (including fees for net addition of
claims) are hereby authorized to be charged to our Deposit Account No. 602731 (Ref.
No. 46DG-026085).
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Douady, et al. —16/713,798
Attorney Docket No.: 46DG-026085

REMARKS

By this paper, claims 2, 3, 5, 9-12, 14-17 are amended, no claims are added, and
claim 1 is cancelled without prejudice and without disclaimer. Accordingly, claims 2-22
are all of the pending claims. Support for the amendments presented above is provided
throughout the specification and claims as originally filed. Applicant expressly reserves
the right to prosecute the subject matter of the unamended and/or cancelled claims, or
any other subject matter supported by the Specification, in one or more continuation
applications. In view of the foregoing amendments and the following remarks,

reconsideration and allowance of all the pending claims is anticipated.
Double Patenting Rejection

Claims 1 and 17 stand rejected under the judicially created doctrine of
obviousness-type double patenting as being unpatentable over claims 14-16 of U.S.
Patent No. 10,536,643 (“the ‘643 patent”). However, solely in an effort to expedite
prosecution and without acknowledging the propriety of the alleged rejections, Applicant
has canceled claim 1, and has amended claim 17 to recite features of allowable claim 5.
Accordingly, Applicant requests the above obviousness-type double patent rejection be

withdrawn.
Rejections Under 35 U.S.C. § 103

Claims 1-3, 9-13, 17, 19-20 currently stand rejected under AIA 35 U.S.C. § 103
as allegedly being unpatentable over U.S. Patent Application Publication No.
2015/0350548 to Beyserrie, et al. (“Beyserrie”) in view of U.S. Patent Application
Publication No. 2015/0022677 to Guo, et al. (“Guo”). Applicant expressly reserves the
right to challenge the analogousness of any of the cited references. Applicant traverses
the rejections under § 103 at least because the proposed combination of references
fails to teach or suggest all of the claimed features. However, solely in an effort to
expedite prosecution and without acknowledging the propriety of the alleged rejections,
Applicant has canceled claim 1, and has amended claims so that claims 2-4, 6-16
depend from allowable claim 5. Applicant has also amended claim 17 to recite features
of allowable claim 5 so that limitations of claim 17 parallel limitations of claim 5.

Accordingly, Applicant respectfully requests that the above rejection of claims under §

-12 -
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Douady, et al. —16/713,798
Attorney Docket No.: 46DG-026085

103 be withdrawn.
Allowable Subject Matter

Applicant appreciates the Office Action’s acknowledgment that claims 4, 5-8, 14-
16, 18, 21-22 include allowable subject matter if rewritten in independent form including

all of the limitations of the base claim and any intervening claims.

Claim 5 depends on independent claim 1. Applicant has rewritten claim 5 in

independent form to include all limitations of the base claim 1.

-13 -
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Douady, et al. —16/713,798
Attorney Docket No.: 46DG-026085

CONCLUSION

Having addressed each of the foregoing objections and rejections, it is submitted
that a full and complete response has been made to the outstanding Office Action and,

as such, the application is in condition for allowance. Notice to that effect is anticipated.

If the Examiner believes, for any reason, that personal communication will
expedite prosecution of this application, the Examiner is invited to telephone the

undersigned at the number provided.

Date:_January 11, 2021 Respectfully submitted,

By: /D. Benjamin Esplin/
D. Benjamin Esplin
Reg. No. 58,297

Customer No. 137002 ESPLIN & ASSOCIATES, PC

5411 Avenida Encinas, Suite 100
Carlsbad, CA 92008
(760) 249-2133

-14 -
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Douady, et al. —16/713,798
Attorney Docket No.: 46DG-026085

CLAIM AMENDMENTS

This listing of claims will replace all prior versions, and listings, of claims in the

application:

1. (Canceled)

2. (Currently Amended) The image capture system of claim [[1]] 5, wherein the
position information further characterizes translational positions of the housing at the
different moments within the capture duration, the trajectory further reflects the
translational positions of the housing at the different moments within the capture
duration, and the smoothed trajectory has smoother changes in the translational

positions of the housing than the trajectory.

3. (Currently Amended) The image capture system of claim [[1]] 5, wherein the
smoothed trajectory is determined further based on a trajectory retrieval algorithm, input
to the trajectory retrieval algorithm including the trajectory of the housing and a
bootstrap trajectory, the bootstrap trajectory including a current or an initial guess of the

smoothed trajectory.

4. (Original) The image capture system of claim 3, wherein the smoothed trajectory
is determined further based on iterations of smoothing including a fine scale approach
to smooth on a small scale and a coarse approach to smooth on a large scale, the

iterations of smoothing resulting in convergence of the smoothed trajectory.
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Douady, et al. —16/713,798
Attorney Docket No.: 46DG-026085

5. (Currently Amended) FThe-image-capture-system-ofclaim4 An image capture

system that stabilizes videos, the image capture system comprising:

a housing of an image capture device;

an optical element carried by the housing and configured to quide light within a

field of view to an image sensor;

the image sensor carried by the housing and configured to generate a visual

output signal conveying visual information based on light that becomes incident thereon

during a capture duration, the visual information defining visual content having the field

of view, the field of view being larger than a size of a viewing window for generating

stabilized visual content;

a position sensor carried by the housing and configured to generate a position

output signal based on positions of the housing during the capture duration, the position

output signal conveying position information that characterizes rotational positions of the

housing at different moments within the capture duration; and

one or more physical processors configured by machine-readable instructions to:

determine a trajectory of the housing during the capture duration based on

the position information, the trajectory reflecting the rotational positions of the

housing at the different moments within the capture duration, the trajectory

including a first portion corresponding to a first moment within the capture

duration and a second portion corresponding to a second moment subsequent to

the first moment within the capture duration;

determine a smoothed trajectory of the housing based on a look-ahead of

the trajectory and one or more of a weight-balance parameter, a low-light high-
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pass parameter, and/or a stickiness parameter, the look-ahead of the trajectory

including use of a subsequent portion of the trajectory to determine a preceding

portion of the smoothed trajectory such that a portion of the smoothed trajectory

corresponding to the first portion of the trajectory is determined based on the

second portion of the trajectory, the smoothed trajectory having smoother

changes in the rotational positions of the housing than the trajectory, wherein the

determination of the smoothed trajectory based on the look-ahead of the
trajectory includes use of a temporal horizon of motion experienced by the image
capture device, the temporal horizon enabling approximation of intentional
motion of the image capture device while causing a delay in the determination of
the smoothed trajectory:;

determine placement of the viewing window for the visual content with

respect to the field of view of the visual content based on the smoothed trajectory

of the housing, the viewing window defining one or more extents of the visual

content to be included within a punchout of the visual content; and

generate the stabilized visual content of a video based on the viewing

window, the stabilized visual content including the punchout of the one or more

extents of the visual content within the viewing window, wherein inclusion in the

stabilized visual content of the one or more extents of the visual content within

the viewing window effectuates stabilization of the visual content via selective

cropping.

Insta360
Exhibit 1002 Page 59



Douady, et al. —16/713,798
Attorney Docket No.: 46DG-026085

6. (Original) The image capture system of claim 5, wherein a longer interval of the
temporal horizon enables better approximation of the intentional motion of the image
capture device while causing a longer delay in the determination of the smoothed

trajectory.

7. (Original) The image capture system of claim 5, wherein the smoothed trajectory
is determined further based on minimization of a value, a score, or a metric that

expresses an amount of high frequencies while respecting a crop constraint.

8. (Original) The image capture system of claim 7, wherein the smoothed trajectory
is determined further based on iterative minimization, the iterative minimization including
iterations of steps that alter latest estimate, the steps including an update step that

updates a current estimate to decrease a value of an objective function and a projection
step that applies one or more constraints, the current estimate being re-projected based

on the one or more constraints not being satisfied.

9. (Currently Amended) The image capture system of claim [[1]] 5, wherein the
determination of the smoothed trajectory based on the look-ahead of the trajectory
includes weighing past positions of the housing less than future positions of the

housing.

10.  (Currently Amended) The image capture system of claim [[1]] 5, wherein the

determination of the smoothed trajectory based on the look-ahead of the trajectory
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includes a prior portion of the trajectory having less impact on the determination of the

smoothed trajectory than a future portion of the trajectory.

1. (Currently Amended) The image capture system of claim [[1]] 5, wherein the
determination of the smoothed trajectory based on the look-ahead of the trajectory
includes using a first amount of a prior portion of the trajectory and a second amount of

a future portion of the trajectory, the first amount being smaller than the second amount.

12.  (Currently Amended) The image capture system of claim [[1]] 5, wherein the
visual content are stored in a buffer during smoothed trajectory generation such that the
visual content corresponding to the portion of the smoothed trajectory are stored in the
buffer during the determination of the portion of the smoothed trajectory using the
lookahead of the trajectory, and the visual content stored in the buffer are used after the
determination of the portion of the capture trajectory to generate the stabilized visual

content.

13.  (Original) The image capture system of claim 12, wherein the buffer includes a
circular buffer, and the visual content are stored in the circular buffer as video frames to

be stabilized.

14.  (Currently Amended) The image capture system of claim [[1]] 5, wherein the

weight-balance parameter controls types of motion that are minimized in smoothed
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trajectory generation, the types of motion including rotational velocity and rotational

acceleration.

15. (Currently Amended) The image capture system of claim [[1]] 5, wherein the
low-light high-pass parameter controls amount or strength of smoothing performed in
smoothed trajectory generation and an extent of motion blur compensation applied in

determination of the smoothed trajectory.

16.  (Currently Amended) The image capture system of claim [[1]] 5, wherein the
stickiness parameter controls an extent by which a preceding portion of the trajectory

impacts determination of the smoothed trajectory.

17.  (Currently Amended) A method for stabling videos, the method performed by an
image capture system including one or more processors, an optical element, an image
sensor, and a position sensor, the optical element carried by an image capture device
and configured to guide light within a field of view to the image sensor, the method
comprising:

generating, by the image sensor, a visual output signal conveying visual
information based on light that becomes incident thereon during a capture duration, the
visual information defining visual content having the field of view, the field of view being
larger than a size of a viewing window for generating stabilized visual content;

generating, by the position sensor, a position output signal based on positions of

the image capture device during the capture duration, the position output signal
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conveying position information that characterizes rotational positions of the image
capture device at different moments within the capture duration;

determining, by the one or more processors, a trajectory of the image capture
device during the capture duration based on the position information, the trajectory
reflecting the rotational positions of the image capture device at the different moments
within the capture duration, the trajectory including a first portion corresponding to a first
moment within the capture duration and a second portion corresponding to a second
moment subsequent to the first moment within the capture duration;

determining, by the one or more processors, a smoothed trajectory of the image
capture device based on a look-ahead of the trajectory and one or more of a weight-
balance parameter, a low-light high-pass parameter, and/or a stickiness parameter, the
look-ahead of the trajectory including use of a subsequent portion of the trajectory to
determine a preceding portion of the smoothed trajectory such that a portion of the
smoothed trajectory corresponding to the first portion of the trajectory is determined
based on the second portion of the trajectory, the smoothed trajectory having smoother
changes in the rotational positions of the image capture device than the trajectory,

wherein the determination of the smoothed trajectory based on the look-ahead of the

trajectory includes use of a temporal horizon of motion experienced by the image

capture device, the temporal horizon enabling approximation of intentional motion of the

image capture device while causing a delay in the determination of the smoothed

trajectory;

determining, by the one or more processors, placement of the viewing window for

the visual content with respect to the field of view of the visual content based on the
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smoothed trajectory of the image capture device, the viewing window defining one or
more extents of the visual content to be included within a punchout of the visual content;
and

generating, by the one or more processors, the stabilized visual content of a
video based on the viewing window, the stabilized visual content including the punchout
of the one or more extents of the visual content within the viewing window, wherein
inclusion in the stabilized visual content of the one or more extents of the visual content

within the viewing window effectuates stabilization of the visual content via selective

cropping.

18.  (Original) The method of claim 17, wherein:

the weight-balance parameter controls types of motion that are minimized in
smoothed trajectory generation, the types of motion including rotational velocity and
rotational acceleration;

the low-light high-pass parameter controls amount or strength of smoothing
performed in smoothed trajectory generation and an extent of motion blur compensation
applied in determination of the smoothed trajectory; and

the stickiness parameter controls an extent by which a preceding portion of the

trajectory impacts determination of the smoothed trajectory.

19.  (Original) The method of claim 17, wherein the smoothed trajectory is
determined further based on a trajectory retrieval algorithm, input to the trajectory

retrieval algorithm including the trajectory of the image capture device and a bootstrap
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trajectory, the bootstrap trajectory including a current or an initial guess of the smoothed

trajectory.

20. (Original) The method of claim 17, wherein the determination of the smoothed
trajectory based on the look-ahead of the trajectory includes:

weighing past positions of the image capture device less than future positions of
the image capture device;

a prior portion of the trajectory having less impact on the determination of the
smoothed trajectory than a future portion of the trajectory; or

using a first amount of the prior portion of the trajectory and a second amount of
the future portion of the trajectory, the first amount being smaller than the second

amount.

21.  (Original) The method of claim 17, wherein the smoothed trajectory is
determined further based on iterations of smoothing including a fine scale approach to
smooth on a small scale and a coarse approach to smooth on a large scale, the

iterations of smoothing resulting in convergence of the smoothed trajectory.

22.  (Original) The method of claim 17, wherein the smoothed trajectory is
determined further based on iterative minimization, the iterative minimization including
iterations of steps that alter latest estimate, the steps including an update step that

updates a current estimate to decrease a value of an objective function and a projection

-10 -
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step that applies one or more constraints, the current estimate being re-projected based

on the one or more constraints not being satisfied.

-11 -
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EAST Search History

EAST Search History (Prior Art)

. Default
: Operator

- (US-20160006935-$ or US-20150350548-$
-or US-20150022677-$ or US-20130182134-$
:or US-20120105654-$ or US-20170085740-
-$).did. or (US-10432864-$ or US-10341564-
-$ or US-9787902-%).did. 5

L5 and (boostrap guess$4 estimat$4
‘interpolat$4) same smooth$4 same
trajectory

'L5 and (boostrap guess$4 estimat$4
-interpolat$4) same smooth$4

12020/11/06

2020/11/06 |

"20150350548" and (weight$4 weigh$4)
-same past same future

12020/11/06

12020/11/06

"20150350548" and (velocity acceleration
 rotation$4)

2020/11/06 |

15 and (velocity acceleration) same
 rotation$4

I5 and (velocity acceleration) same
rotation$4 same (weight$4 weigh$4)

DBs

us-
PGPUB;
(USPAT

Plurals

12020/11/06

115:08

2020/11/06 |

;15:10

12020/11/06

115:10

12020/11/06

;15:15

15:17

115:18

12020/11/06

315:19

15:24

;15:25

12020/11/06

115:25

115:26

12020/11/06

115:26

12020/11/06

;15:26
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120 2 :"20150350548" and buffer$4 same US- ‘OR ‘OFF 22020/11/06
? : - look$ahead ‘PGPUB; :15:45 i
: UspPAT L
21 0 "20150350548" and buffer$4 same circular  US- OR OFF  2020/11/06
| PGPUB; | | 115:46
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, eI U DU S
22 0 "20150350548" and buffer$4 same circl$4  US- ‘OR 'OFF 32020/11/06
5 PGPUB; ’ :15:46 5
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, USPAT
23 1 I5 and circular same buffer Us-  OR OFF  2020/11/06
? PGPUB; 115:46 f
USPAT 5
124 11 ((HO4N5/144 OR HO4N5/2252 OR Us- ‘OR OFF  2020/11/06
: :HO4N5/2253 OR H04N5/2254 OR ‘PGPUB; 15:49 5
:HO4N5/23258 OR HO4N5/23267 OR ‘USPAT 5
-HO4N5/2328 OR H04N5/232933).CPC. ) and
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, roular near5 buffer same stabilizgs 01
125 143 ((HO4N5/144 OR HO4N5/2252 OR Us- OR OFF  2020/11/06
: : :HO4N5/2253 OR H04N5/2254 OR ‘PGPUB; - 15:49 5
:HO4N5/23258 OR HO4N5/23267 OR ‘USPAT 5
- HO4N5/2328 OR H04N5/232933).CPC. ) and
,,,,,,,,,,,,,,,,,,,,,,,,,,,,, I L S R A S S—
S1 3 "16587811" Us-  OR OFF  2020/11/05
| f PGPUB; 113:19 f
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, USPAT
S2 4 "16548549" "16392501" US OR OFF  2020/11/05
% PGPUB; 113:20 %
uspAT -
S3 4 :S2 and (smoothed near3 trajectory) same  US- OR OFF  2020/11/05
: : punchout same viewing near3 window.cim. PGPUB; 113:21 :
: 'USPAT f
S4 2 :S3 and (weight$balance stickiness us-  OR OFF  2020/11/05
? ‘lowslight).clm. .PGPUB; ' 113:22
v : ;USPAT vvvvvvvvvv vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv
S5 2 1S3 and (weight$balance stickiness lowslight) | US- OR OFF  2020/11/05
5 -and look$ahead.clm. 'PGPUB; 113:23 f
S T e —— USPAT .
S6 2 1S3 and (weight$balance stickiness lowslight) US- OR OFF  2020/11/05
: :and look$ahead same placement.cim. :PGPUB; 113:23 :
R R R — L USPAT N—
S7 2 1S3 and ((weight$balance stickiness Us- ‘OR OFF  2020/11/05
? -lowslight) and look$ahead same ‘PGPUB; 13:24 ?
‘placement).cim. uspAT L
S8 5 "16548549" "16392501" "16587811" Us-  OR OFF  2020/11/05
; 'PGPUB; 113:27
USPAT 5
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:S8 and (field near3 view near3 larged near5
size).clm.

'S8 and (field near3 view near3 larger nears
gsize).clm.

S8 and (field near3 view near3 larger near5
.size) same position near3 sensor.clm.

:S8 and (field near3 view near3 larger near5
:size) same position near3 sensor same
rotational near3 positions.cim.

:S8 and (field near3 view near3 larger near5
-size) same position near3 sensor same

i rotational near3 positions same look$ahead
:same weight$balance.clm.

:S8 and (field near3 view near3 larger near5
-size) same position near3 sensor same

: rotational near3 positions same look$ahead
:and weight$balance.cim.

:$8 and (field near3 view near3 larger near5
“size) same position near3 sensor same
 rotational near3 positions same look$ahead
:same placement near4 viewing near3
‘window same visual near3 content.clm.

:S8 and (field near3 view near3 larger near5
-size) same position near3 sensor same

i rotational near3 positions same look$ahead
‘same placement near4 viewing near3
‘window same visual near3 content same

- punchout.cim.

:S8 and (field near3 view near3 larger near5
:size) same position near3 sensor same

‘ rotational near3 positions same look$ahead
-same placement near4 viewing near3
:window same visual near3 content same
‘punchout same selective near3

- cropping.cim.

§S8 and (system near3 stabilizes) same
- physical near3 processors.cim.

:S8 and (system near3 stabilizes) same
: physical near3 processors same determine
‘near3 trajectory same smoothed near3
§trajectory same viewing near3 window.clm.

OFF  2020/11/05
113:28 5
OFF  2020/11/05
’ 113:28
OFF  2020/11/05
' 113:28 f
OFF  2020/11/05
113:29 5
OFF  2020/11/05
113:29 5
OFF  2020/11/05
113:30 :
OFF  2020/11/05
113:30 é
OFF  2020/11/05
113:31 ?
OFF  2020/11/05
113:31 5
OFF  2020/11/05
' 113:53
OFF  2020/11/05
113:54 f
OFF  2020/11/05
113:57
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'S21 82 :("10271021" | "20110102609" | US- ‘OR OFF  2020/11/05

i : :"20130343728" | "20140063271" | PGPUB; § 114:01 :
:"20140063272" | "20140160309" | USPAT 5 5
:"20150189178" | "20160048216" | 5
:"20170078577" | "20190215495" |
:"20190348075" | "6982746" | "10015308" |
1"10542215" | "20080307329" |
:"20100033614" | "20110063236" |
:"20120137236" | "20130141600" |
1"20160124917" | "20160191800" |
:"20160224225" | "20160227105" |
-"20160255273" | "20180121057" |
:"20190191090" | "9819857" | "10432864" |
1"20130002813" | "20170041545" |
:"20170142337" | "20180041705" |
:"20180048821" | "20180220073" |
:"20190124267" | "0000030" | "10262691" |
:"10284794" | "10341564" | "20030160862" |
:"20030210327" | "20040010804" | 5
:"20040125133" | "20060291841" |
:"20090278917" | "20100277617" |
:"20100281375" | "20100299630" |
:"20110013778" | "20110242352" |
1"20120206565" | "20130058535" |
:"20130177168" | "20130210563" |
:"20130250047" | "20130329132" |
:"20140028876" | "20140266773" |
1"20140267586" | "20140267590" |
:"20150146014" | "20150159846" |
:"20150350548" | "20160006935" |
1"20160360109" | "20170070689" |
:"20170084086" | "20170085964" |
:"20170094169" | "20170289454" |
1"20170359534" | "20180199025" |
:"20180324358" | "6654019" | "8022948" |
:"8237787" | "9144714" | "9279983" |
:"9363569" | "9374532" | "9426430" |

1"9787902").PN.

S22 9 1521 and (smooth$4 near3 trajectory) Us-  OR OFF  2020/11/05
% PGPUB; 114:02 s

] | S L. oL 0 S T I
S23 5 1521 and (smooth$4 near3 trajectory) and ~ US-  OR OFF  2020/11/05
:  (look$4 near3 aheads$4) PGPUB; 114:03 f
N S R ST
524 3 /521 and (smooth$4 near3 trajectory) and ~ US-  OR OFF  2020/11/05
: : (look$4 near3 ahead$4) and determin$4 PGPUB; 114:04 :
,,,,,,,,,,,,,,,,,,,,,,,,,,,,, near3trajectory  USPAT
S5 2 /521 and (smooth$4 near3 trajectory) and ~ US-  OR OFF  2020/11/05
f : (look$4 near3 ahead$4) and determin$4 PGPUB; 114:08 '
v : -near3 trajectory and window USPAT VVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVV L L
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S26 1 "9787902".pn. and window us-  OR OFF  2020/11/05
. PGPUB; 14:08

827 1 "9787902".pn. and frame$1 Us-  OR OFF  2020/11/05
% % % PGPUB; 114:09

1S28 19 :S21 and (determin$4 near5 (window (field  US- OR OFF  2020/11/05
‘near3 view))) PGPUB; 14:11 5

'S29 4 521 and punch$out us-  OR OFF  2020/11/05
% PGPUB; 14:12 5

30 1 "16587811" 'USPAT  OR OFF  2020/11/05
: : : : : 5 14:12 :

S31 3 "16587811" Us-  OR OFF  2020/11/05
% % % PGPUB; 114:13

.S32 136,283 :( (HO4N5/144 OR HO4N5/2252 OR US- ‘OR ‘OFF  :2020/11/05
- HO4N5/2253 OR H04N5/2254 OR PGPUB; 14:13 5
‘HO4N5/23258 OR H04N5/23267 OR USPAT 5

- HO4N5/2328 OR H04N5/232933).CPC. ) :

:S33 22 :( (HO4N5/144 OR H04N5/2252 OR US- OR §OFF 32020/11/05
‘HO4N5/2253 OR H04N5/2254 OR ‘PGPUB; :14:13 :
HO4N5/23258 OR H04N5/23267 OR §USPAT 5 5
‘HO4N5/2328 OR H04N5/232933).CPC. ) and

‘punch$out same stabiliz$5

'S34 :61  :( (HO4N5/144 OR H0O4N5/2252 OR US- ‘OR OFF  2020/11/05
-HO4N5/2253 OR HO4N5/2254 OR PGPUB; 14:14 f
“HO4N5/23258 OR H04N5/23267 OR 'USPAT :

- H04N5/2328 OR H04N5/232933).CPC. Y and
 (determin$4 near4 window) same stabiliz$5

S35 23 S34and gopro.as. us-  OR OFF  2020/11/05
. g PGPUB; 14:14

636 38  :S34notS35 US- OR OFF  2020/11/05
PGPUB; 14:14

'S37 9 S36and (window near5 time) U OR OFF  2020/11/05
T PGPUB; 14:15 s

S38 29 36 not S37 Us-  OR OFF  2020/11/05
% % PGPUB; 114:15 ?

$39 8 - (US-20160006935-$ or US-20150350548-5  US-  OR OFF  2020/11/05
| % or US-20150022677-$ or US-20130182134-¢ PGPUB; | 14119
or US-20120105654-$).did. or (US- USPAT f |
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:10432864-$ or US-10341564-$ or US-
19787902-%).did.

S40 8 S39 and (stabiliz5) and (ahead$4 Us-  OR OFF  2020/11/05
5 % gsubsequent$4 later$4 look$ahead) ;PGPUB; 114:19 ?

541 8 /539 and (ahead$4 subsequent$4 later$4 ~ US-  OR OFF  2020/11/05
-look$ahead) .PGPUB; ;14:20 f

542 7 S41and (weight$balance weight lowslight US-  OR OFF  2020/11/05
% : “highs$pass sticky stickiness) _PGPUB; 114:22 ?

543 7 1539 and (weight$balance weight low$light  US- OR OFF  2020/11/05
: -high$pass sticky stickiness) PGPUB; 14:22 f

'S4 6 S39and (weight$balance weight lowslight ~ US-  OR OFF  2020/11/05
% % “high$pass sticky stickiness) same (smooth$4 PGPUB; 114:23 :
- trajectory) "USPAT : :

S45 3 S39 and (weight$balance weight lowglight ~ US-  OR OFF  2020/11/05
i % - high$pass sticky stickiness) same (smooth$4 PGPUB; 114:24 ?
: trajectory) same parameter$4 USPAT : :

546 2 "20150350548" Us-  OR OFF  2020/11/05
PGPUB; 14:41

S47 2 "20150350548" and (determin$4 near5 us-  OR OFF  2020/11/05
o trajectory) PGPUB; 14141 |

548 12 1"20150350548" and trajectory and Us-  OR OFF  2020/11/05
 (determin$4 near5 trajectory) .PGPUB; 14:42 i

549 2 1"20150350548" and trajectory and Us-  OR OFF  2020/11/05
: : i (determin$4 near5 trajectory) and .PGPUB; 14:42 é
‘ look$ahead ‘USPAT : :

S50 2 "20150350548" and trajectory same Us-  OR OFF  2020/11/05
% f . position$4 PGPUB; 14:48 5

S51 2 "20150350548" and trajectory us-  OR OFF  2020/11/05
: PGPUB; 14:49 f
$52 2 "20150350548" and trajectoryand ~ US-  OR OFF  2020/11/05 |
% ;position$1 ;PGPUB; 14:54 ?
$53 2 "20150350548" and trajectoryand Us-  OR  OFF  2020/11/05
- position$1 and gyroscop$4 .PGPUB; 14:59
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554 :"20150350548" and trajectory and US- OR OFF  2020/11/05
: - position$1 and gyroscop$4 and motion PGPUB; 115:00 i
f USPAT | | |
S55 2 "20150350548" and sensor Us- OR OFF  2020/11/05
: PGPUB; 115:10
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, USPAT
S56 2 "20150350548" and lens Us- OR OFF  2020/11/05
: PGPUB; 115:11 f
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, USPAT
1§57 2 "20150350548" and look$ahead Us- OR OFF  2020/11/05
2 PGPUB; 115:14 f

USPAT f
S58 2 "20150350548" and look$ahead same Us- ‘OR OFF  2020/11/05
: :smooth$4 .PGPUB; 115:15 ?

| , f _USPAT :
$59 2 "20150350548" and look$ahead Us- OR OFF  2020/11/05
: PGPUB; 115:15 é
USPAT | | |
S60 2 "20150350548" and look$ahead and future  US- OR OFF  2020/11/05
: PGPUB; 115:16
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, USPAT
561 0 "20150350548" and crop$4 Us- OR OFF  2020/11/05
? PGPUB; 115:20 f
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, USPAT
S62 0 "20130182134" and "20150022677" Us- OR OFF  2020/11/05
? PGPUB; 115:21 f

USPAT f
S63 3 "20130182134" "20150022677" us- OR OFF  2020/11/05
' s PGPUB; : :

15:21

1563 and (subsequent$4 look$ahead) Us- OR OFF 2020/11/05
: PGPUB; | s 15:22 s
USPAT | | |

S65 1 "20150022677" and "405" Us- OR OFF  2020/11/05
: 'PGPUB; 115:26
, , , (USPAT :
1566 :1 "20150022677" and window same smooth$4 SUS- OR OFF 22020/11/05
? 'PGPUB; 115:27 f
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, USPAT
S67 2 "20150350548" and rotation$4 us- OR OFF  2020/11/05
z PGPUB; 115:35 f
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, USPAT
568 8 (US-20160006935-$ or US-20150350548-5  US-  OR OFF  2020/11/05

- or US-20150022677-$ or US-20130182134-$ PGPUB; 115:38

- or US-20120105654-$).did. or (US- USPAT %

110432864-$ or US-10341564-$ or US- f

19787902-3).did. | | | |
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569 2 1568 and remot$4 near3 process$4 uUs- OR OFF  2020/11/05
o PGPUB; 15:38 |

'S70 161 ((HO4N5/144 OR H04N5/2252 OR uUs-  OR OFF  2020/11/06
% % - HO4N5/2253 OR H04N5/2254 OR PGPUB; 110:06
H04N5/23258 OR H04N5/23267 OR 'USPAT
' HO4N5/2328 OR H04N5/232933).CPC. ) and
- (stabiliz$5) same (remot$4 near5 process$4)

S71 9 - (US-20160006935-$ or US-20150350548-$  US- ‘OR OFF  2020/11/06
? ? ‘or US-20150022677-$ or US-20130182134-$ PGPUB; 110:36
-or US-20120105654-$ or US-20170085740- USPAT ? ?

- $).did. or (US-10432864-$ or US-10341564-
‘$ or US-9787902-%).did. 5

S72 4 S71and (real$time$4) us- OR OFF  2020/11/06
| g PGPUB; | 110:37 %

§73 9 S71and jitter$4 us-  OR OFF  2020/11/06
% % % PGPUB; 110:40
S74 2 "20150350548" and smooth$4  US-  OR  OFF  2020/11/06
PGPUB; 10:41

"20150350548" and exposure Uus-  OR OFF  2020/11/06
: PGPUB; 110:46 |

S76 4 1571 and (exposure) Us-  OR OFF  2020/11/06
PGPUB; 1046

577 2 1571 and (exposure) same smooth$4 Us-  OR OFF  2020/11/06
5 % PGPUB; 10:47 a

S78 4 "16548549" "16392501" us-  OR OFF  2020/11/06
% % % PGPUB; 110:50

S79 4 1578 and (smooth$4 near3 trajectory) same  US- OR OFF  2020/11/06
? subsequent.cim. PGPUB; 110:50 :

1580 4 'S78 and (smooth$4 near3 trajectory) same  US-  OR OFF  2020/11/06
? ‘subsequent same viewing near3 window PGPUB; 110:50 f
-same punchout.clm. "USPAT : f

S8l 8 "10432864" us  OR OFF  2020/11/06
PGPUB; 1149
82 4 "0s3%e43 U OR  OFF  2020/11/06
? ? PGPUB; 111:49
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583 1 :"16713798" US- OR OFF  2020/11/06
g 'PGPUB; 114:36 é

S84 0 "20150350548" and housing Us-  OR OFF  2020/11/06
% % % PGPUB; 114:45

S85 2 "20150350548" and device Us-  OR OFF  2020/11/06
% : : PGPUB; 114:45 f

S8 0 "20150350548" and outside$4 us-  OR OFF  2020/11/06
T PGPUB; 114:46 |

S87 0 "20150350548" and environment$4 Us-  OR OFF  2020/11/06
o PGPUB; 14:46 |

S88 2 1"20150350548" and (optic$4 lens$4) Us-  OR OFF  2020/11/06
; % 'PGPUB; 14:47 é

589 2 "20150350548" and gyroscope Us-  OR OFF  2020/11/06
% : : PGPUB; 114:48

1S90 2 :"20150350548" and rotation$4 US- OR OFF  2020/11/06
PGPUB; 14:49
591 0 "20150350548" and weight$4 same  US-  OR OFF  2020/11/06
? - balanc$4 .PGPUB; ;14:55 f

S92 2 "20150350548" and weight$4 Us-  OR OFF  2020/11/06
: : PGPUB; 114:55 ?

S93 2 "20150350548" and translation$4 U OR OFF  2020/11/06
N 5 PGPUB; 14:59 |

594 2 "20150350548" and position$4 Us-  OR OFF  2020/11/06
% % % PGPUB; 115:00

S95 2 "20150350548" and gyroscop$4 Us-  OR OFF  2020/11/06
PGPUB; 1501
59 2 "20150350548" and (motion mov$5) near5 | US-  OR OFF  2020/11/06
L times4 PGPUB; 15:01
597 2 "20150350548" and smooth$4 us-  OR  OFF  2020/11/06
% % PGPUB; 115:03
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1598 2 :"20150350548" and smooth$4 US- OR OFF  2020/11/06
'PGPUB; 115:03

599 0 "20150350548" and smooth$4 near3 Us-  OR OFF  2020/11/06
? ? . chang$4 PGPUB; 115:03 f

15100 0 "20150350548" and (boostrap guess$4 Us-  OR OFF  2020/11/06
‘estimat$4 interpolat$4) PGPUB; 115:05 :

S101:9 (US-20160006935-$ or US-20150350548-  US-  OR OFF  2020/11/06
or US-20150022677-$ or US-20130182134-$ PGPUB; 115:05 |
or US-20120105654-$ or US-20170085740-  USPAT |
$).did. or (US-10432864-$ or US-10341564-
§ or US-9787902-$).did. |

15102:6 15101 and (boostrap guess$4 estimat$4 US- OR OFF  2020/11/06
-interpolat$4) PGPUB; 115:05
5103 5 5101 and (boostrap guess$4 estimaté4 ~ US-  OR OFF  2020/11/06
-interpolat$4) same smooth$4 _PGPUB; 115:06

11/6/2020 3:57:14 PM
C:\Users\ahsul\Documents\EAST\Workspaces\16_713798.wsp
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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. |
16/713,798 12/13/2019 Cesar Douady 46DG-026085 2783
137002 7590 11/12/2020 | AMINR |
Esplin & Associates (GoPro)
5411 Avenida Encinas HSU, AMY R
Suite 100
Carlsbad. CA 92008 | ART UNIT | PAPER NUMBER |
2607
| NOTIFICATION DATE | DELIVERY MODE |
11/12/2020 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.
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DETAILED ACTION
Notice of Pre-AIA or AIA Status
1. The present application, filed on or after March 16, 2013, is being examined
under the first inventor to file provisions of the AlA.
Double Patenting

2. 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 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).

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
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provisions of the AlA as explained in MPEP § 2159. See MPEP § 2146 et seq. for
applications not subject to examination under the first inventor to file provisions of the
AlA. A terminal disclaimer must be signed in compliance with 37 CFR 1.321(b).

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.

3. Claims 1, 17 are rejected on the ground of nonstatutory double patenting as
being unpatentable over claims 14-16 of U.S. Patent No. 10,536,643. Although the
claims at issue are not identical, they are not patentably distinct from each other
because the two sets of claims similarly recite n image capture system that stabilizes
videos, the image capture system comprising processors configured to determine a
trajectory of the housing during the capture duration based on position information,
determine a smoothed trajectory of the device based on a look-ahead of the trajectory
and one or more of a weight-balance parameter, a low-light high-pass parameter,
and/or a stickiness parameter, the look-ahead of the trajectory including use of a
subsequent portion of the trajectory to determine a preceding portion of the smoothed
trajectory, determine placement of a viewing window based on the smoothed trajectory

of the housing, and generate stabilized visual content based on the viewing window,
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including a punchout of the visual content within the viewing window, using selective
cropping.

Claim Rejections - 35 USC § 103
4. 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.

5. Claims 1-3, 9-13, 17, 19-20 are rejected under 35 U.S.C. 103 as being
unpatentable over U.S. Pub. No. 2015/0350548 to Beysserie et al. (“Beysserie”), and
further in view of U.S. Pub. No. 2015/0022677 to Guo (“Guo”).
6. Regarding claims 1-3, Beysserie teaches an image capture system that stabilizes
videos, the image capture system comprising:

a housing of an image capture device (image capture device, shown in Figure 7,
understood to be within a housing),

an optical element carried by the housing and configured to guide light within a
field of view to an image sensor (paragraph [0017] teaches a lens);

the image sensor carried by the housing and configured to generate a visual
output signal conveying visual information based on light that becomes incident thereon
during a capture duration, the visual information defining visual content having the field
of view, the field of view being larger than a size of a viewing window for generating
stabilized visual content (see Figure 3 showing the captured frame is larger than the

visible frame);
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a position sensor carried by the housing and configured to generate a position
output signal based on positions of the housing during the capture duration, the position
output signal conveying position information that characterizes rotational positions of the
housing at different moments within the capture duration (reference number 725, device
sensors including accelerometer and/or gyroscope; paragraph [0017] further teaches
rotational position to be stabilized using gyroscope output, Figure 5B for example shows
the positions over time—different moments); and

one or more physical processors configured by machine-readable instructions to:

determine a trajectory of the housing during the capture duration based on the
position information, the trajectory reflecting the rotational positions of the housing at the
different moments within the capture duration, the trajectory including a first portion
corresponding to a first moment within the capture duration and a second portion
corresponding to a second moment subsequent to the first moment within the capture
duration (motion information associated with a single image at a capture time is known
through the use of a motion sensor such as gyro-sensors or accelerometer; thus motion
over time is known, see Figure 2A and paragraphs [0004], [0012], where Figure 2A
shows at least two different moments during the capture duration and Figure 5B further
shows the trajectory with respect to time; Figure 7 shows the apparatus 700 including
the image sensor and lens within reference number 750);

determine a smoothed trajectory of the housing based on a look-ahead of the
trajectory and one or more of a weight-balance parameter, a low-light high-pass
parameter, and /or a stickiness parameter, the look-ahead of the trajectory including use

of a subsequent portion of the trajectory to determine a preceding portion of the
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smoothed trajectory such that a portion of the smoothed trajectory corresponding to the
first portion of the trajectory is determined based on the second portion of the trajectory,
the smoothed trajectory having smoother changes in the rotational positions of the
housing than the trajectory (paragraph [0012] teaches a look-ahead technique used to
stabilize video in real-fime by using “future” frames of image data to adjust a current
frame; paragraph [0015] further teaches that motion of each frame is monitored and a
current frame is adjusted for stabilization based on at least “future” motion data:
position/motion information of image data captured subsequently to the current frame;
paragraph [0017] teaches the weighting factor used to moderate or balance movement
during stabilization operation and provides further details of weighting values and
weighting kernel function, see also paragraph [0023] and Figure 6);

Beysserie is silent on: determine placement of the viewing window for the visual
content with respect to the field of view of the visual content based on the smoothed
trajectory of the housing, the viewing window defining one or more extents of the visual
content to be included within a punchout of the visual content; and

generate the stabilized visual content of a video based on the viewing window,
the stabilized visual content including the punchout of the one or more extents of the
visual content within the viewing window, wherein inclusion in the stabilized visual
content of the one or more extents of the visual content within the viewing window

effectuates stabilization of the visual content via selective cropping.

Guo teaches determine a viewing window for the visual content based on the
smoothed trajectory of the image capture device, the viewing window defining one or

more extents of the visual content; and generate stabilized visual content of a video
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based on the viewing window, the stabilized visual content including a punchout of the
one or more extents of the visual content within the viewing window (Guo teaches that
in general, because video stabilization involves motion compensation that produces
missing image content, then typically the video is trimmed to keep the portion that
appears in all frames. For example, with respect to Figure 4, a selectively cropped
window centered in the first frame may be selected and this cropped window moves
along the smooth camera path and thus the upper and lower boundary of the camera
path is determined from the cropped window; see paragraph [0048]; Guo teaches that
the cropped window 405 is based on the smooth camera path P(t), see for example

paragraphs [0036], [0050]).

It would have been obvious to one of ordinary skill in the art before the effective
filing date of the claimed invention to modify the teaching of Beysserie in view of Guo to
crop the viewing window based on the smooth trajectory of the image capture device so
that motion compensation may be performed on all of the frames based on the look-
ahead technique while avoiding the problem of missing image data due to motion
compensation (i.e. so that portions of the scene that are not in every frame due to

motion are compensated for and the remaining cropped portion appears smoothly).

Regarding claim 2, Beysserie in view of Guo teach the image capture system of
claim 1, wherein the position information further characterizes translational positions of
the housing at the different moments within the capture duration, the trajectory further
reflects the translational positions of the housing at the different moments within the

capture duration, and the smoothed trajectory has smoother changes in the
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translational positions of the housing than the trajectory (paragraph [0004] teaches
motion information which is position information from sensors such as gyro-sensors,
and the position information correlates with a time of a captured image, where there
are multiple moments of time; paragraph [0017] teaches translational positions.
Beysserie teaches smoothing the transitions for the smooth trajectory for example in

paragraph [0022]).

Regarding claim 3, Beysserie in view of Guo teaches the image capture system
of claim 1, Guo further teaches wherein the smoothed trajectory is determined further
based on a trajectory retrieval algorithm, input to the trajectory retrieval algorithm
including the trajectory of the housing and a bootstrap trajectory, the bootstrap trajectory
including a current or an initial guess of the smoothed trajectory (paragraph [0026]
teaches that the device can synthesize a new image sequence for stabilized camera
frajectory based on camera motion estimation and camera path smoothing, paragraph
[0047] further teaches estimating the camera’s path of motion which is used to

determine the smoothed trajectory).

Regarding claim 9, Beysserie in view of Guo teaches the image capture system
of claim 1, Beysserie teaches wherein the determination of the smoothed trajectory
based on the look-ahead of the trajectory includes weighing past positions of the
housing less than future positions of the housing (paragraph [0024] teaches that the
immediate past frame is used the set the current frame’s initial stabilization weight,
however the future frames weigh in the calculation more because several of the future

frames are used compared to only the immediate past frame).
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Regarding claim 10, Beysserie in view of Guo taches the image capture system
of claim 1, wherein the determination of the smoothed trajectory based on the look-
ahead of the trajectory includes a prior portion of the trajectory having less impact on
the determination of the smoothed trajectory than a future portion of the trajectory
(paragraph [0024] teaches that the immediate past frame is used the set the current
frame’s initial stabilization weight, however the future look-ahead frames weigh in the
calculation more because several of the future frames are used compared to only the

immediate past frame).

Regarding claim 11, Beysserie in view of Guo teach the image capture system of
claim 1, Beysserie further teaches the determination of the smoothed trajectory based
on the look-ahead of the trajectory includes using a first amount of a prior portion of the
trajectory and a second amount of a future portion of the trajectory, the first amount
being smaller than the second amount (paragraph [0024] teaches that one frame of the

prior portion is used and many frames of the future portion of the trajectory are used).

Regarding claim 12, Beysserie in view of Guo teach the image capture system of
claim 1, Beysserie further teaches the visual content are stored in a buffer during
smoothed trajectory generation such that the visual content corresponding to the portion
of the smoothed trajectory are stored in the buffer during the determination of the
portion of the smoothed trajectory using the lookahead of the trajectory, and the visual
content stored in the buffer are used after the determination of the portion of the capture

trajectory to generate the stabilized visual content (see paragraph [0012)).
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Regarding claim 13, Beysserie in view of Guo teach the image capture system of
claim 12, but are silent on wherein the buffer includes a circular buffer, and the visual
content are stored in the circular buffer as video frames to be stabilized. One of
ordinary skill in the art could substitute the buffer taught by Beysserie in Figure 2,
reference number 250, with well-known simple circuitry such as a circular buffer. It
would have been obvious to one of ordinary skill in the art before the effective filing date
of the claimed invention to modify the teaching of modify the teaching of Beysserie in
view of Guo to substitute the buffer with a circular buffer to maintain a certain size of

storage that is needed to store the future frames in a rolling fashion as time proceeds.

Claims 17, 19-20 are rejected similarly to claims 1, 3, 9 and 10.

Allowable Subject Matter
7. Claims 4-5-8, 14-16, 18, 21-22 are objected to as being dependent upon a
rejected base claim, but would be allowable if rewritten in independent form including all
of the limitations of the base claim and any intervening claims.
Conclusion
8. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to AMY R HSU whose telephone number is (571)270-
3012. The examiner can normally be reached on 9am-5pm.
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.
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If attempts to reach the examiner by telephone are unsuccessful, the examiner’'s
supervisor, Lin Ye can be reached on (571)272-7372. The fax phone number for the
organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see https://ppair-
my.uspto.gov/pair/PrivatePair. Should you have questions on access to the Private
PAIR system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free).
If you would like assistance from a USPTO Customer Service Representative or access

to the automated information system, call 800-786-9199 (IN USA OR CANADA) or 571-

272-1000.
AMY R. HSU
Examiner
Art Unit 2664
/AMY R HSU/

Primary Examiner, Art Unit 2697
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1 20190215495 07/11/2019 SMOLYANSKIY NIKOLAI
12 20190348075 11/14/2019 DERBANNE THOMAS
FOREIGN PATENT DOCUMENTS
Initials | Cite Document Publication Country Relevant Pages, Columns, | T
No. Number Date etc.
OTHER DOCUMENTS
Initials Cite | Author, Title, Date, Pages, etc. T
No.
Examiner Signature /AMY R HSU/ Date Considered | 11 /0s/2020

Examiner: Please initial if citation considered, whether or not citation is in conformance with MPEP Section 609. Please draw
a line through the citation if it is not in conformance and it is not considered. Please include a copy of this form with the next
communication to the applicant.

SyncIDS.com

ALL REFEREMCES CONSIDERED EXCEPT WHERE LINED THROUGH.
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Electronic Acknowledgement Receipt

EFS ID: 40853733
Application Number: 16713798
International Application Number:
Confirmation Number: 2783

Title of Invention:

SYSTEMS AND METHODS FOR STABILIZING VIDEOS

First Named Inventor/Applicant Name:

Cesar Douady

Customer Number:

137002

Filer:

Vadim Polonichko/Maria Plascencia

Filer Authorized By:

Vadim Polonichko

Attorney Docket Number:

46DG-026085

Receipt Date: 15-0CT-2020
Filing Date: 13-DEC-2019
Time Stamp: 14:00:08

Application Type:

Utility under 35 USC 111{(a)

Payment information:

Submitted with Payment no
File Listing:
Document .. . File Size(Bytes Multi Pages
Y Document Description File Name ile Size( y i Y I. . 9
Number Message Digest | Part/.zip| (ifappl.)
46362
Information Disclosure Statement (IDS) GP-46DG-026085_SyncIDS-
! Form (SB08) Form.pdf no 1
orm ( p 5d65f449ea4526de7baad1493c8c9b49109)
5225c
Warnings:
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Information:

This is not an USPTO supplied IDS fillable form

506213
. GP-46DG-026085_Transmittal-
2 Transmittal Letter no 1
Letter.pdf
49c1b3b7dae81fc71cd0b467713ae736985

Warnings:

Information:

Total Files Size (in bytes): 552575

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

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 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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Application Number | 16/713,798

INFORMATION DISCLOSURE Filing Date | 12/13/2019
STATEMENT BY APPLICANT First Named Inventor | César Douady
Art Unit | 2697
Page 1 of 1 Matter Number | 46DG-026085
GENERAL

Pursuant to 37 C.F.R. 1.97 and 1.98 and to the duty of disclosure set forth in 37 C.F.R. 1.56, the Examiner in charge of the
above-identified application is requested to consider and make of record the references listed herewith. A copy of each listed
reference, other than U.S. patents/applications and references cited in a parent application, is enclosed.

Although the information submitted herewith may be "material" to the Examiner's consideration of the subject application, this
submission is not intended to constitute an admission that such information is "prior art" as to the claimed invention.

In accordance with 37 C.F.R. 1.97(g), the filing of this Information Disclosure Statement shall not be construed to mean that a search
has been made.

TIMING

In accordance with 37 CFR 1.97(b), this Information Disclosure Statement is being filed within three months of the filing of a national
application other than a continued prosecution application under 37 CFR 1.53(d); within three months of the date of entry of the
national stage as set forth in 37 CFR 1.491 in an international application; before the mailing of a first Office Action on the merits; or
before the mailing of a first Office Action after the filing of a request for continued examination under 37 CFR 1.114.

CERTIFICATION STATEMENT

No certification statement is required. This Information Disclosure Statement is being filed in accordance with 37 CFR 1.97(b).

FEE

No fee is required. This Information Disclosure Statement is being filed in accordance with 37 CFR 1.97(b).

If necessary, the Director is hereby authorized to charge or credit Deposit Account No. 601896 for any additional fees, or any
underpayment or credit for overpayment in connection herewith. Please reference attorney docket number 46DG-026085 for any
such charge or credit.

ADDITIONAL COMMENTS

SIGNATURE

Signature |/ Vadim Polonichko / Date |2020-10-15

Name | Vadim Polonichko Registration Number | 62769

SynclDS.com
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INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

Application Number

16/713,798

Filing Date

12/13/2019

First Named Inventor

César Douady

Art Unit

2697

Page 1 of 1 Matter Number | 46DG-026085
U.S. PATENT/PUBLICATION DOCUMENTS
Initials Cite Document Issue/Publication First Named Inventor Relevant Pages, Columns,
No. Number Date etc.
1 6982746 01/03/2006 KAWAHARA HIDEO
2 10271021 04/23/2019 SMOLYANSKIY NIKOLAI
3 20110102609 05/05/2011 IWATA NAOTO
4 20130343728 12/26/2013 KITATANI KENICHI
5 20140063271 03/06/2014 OGURA MOTONORI
6 20140063272 03/06/2014 TSUCHIDA YUKITAKA
7 20140160309 06/12/2014 KARPENKO ALEXANDRE
8 20150189178 07/02/2015 LOMBARDI MICHAEL J
9 20160048216 02/18/2016 FINK RYAN
10 20170078577 03/16/2017 WAKAMATSU NOBUSHIGE
11 20190215495 07/11/2019 SMOLYANSKIY NIKOLAI
12 20190348075 11/14/2019 DERBANNE THOMAS
FOREIGN PATENT DOCUMENTS
Initials | Cite Document Publication Country Relevant Pages, Columns, | T
No. Number Date etc.
OTHER DOCUMENTS
Initials (I;,Iite Author, Title, Date, Pages, etc. T
o.

Examiner Signature

Date Considered

Examiner: Please initial if citation considered, whether or not citation is in conformance with MPEP Section 609. Please draw
a line through the citation if it is not in conformance and it is not considered. Please include a copy of this form with the next
communication to the applicant.

SynclDS.com
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PTO/AIA/ 14
U.S. Patent and Trademark Office; U.5. DEPARTMENT OF COMMERCE

Attorney Docket Number 46DG-026085

Application Data Sheet 37 CFR 1.76
Application Number

Title of Invention SYSTEMS AND METHODS FORSTABILIZING VIDEOS

The application data sheat is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the
bibliographic data aranged in 3 format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.

This decument may be completed electronically and submitted to the Office in electronic format using the Hectronic Filing Systemn (EFS) or the document
may be printed and included ina 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
L] CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.)

inventor Information:

Legal Name
Prefix | Given Name Middie Name Family Mame Suffix
Cesar Douady

Rasidence Information {Select One} () US Residency (8 WNon US Residency () Active US Military Service

City LesMelieres  Qrsay Country of Residence i FR

Mailing Address of Inventor:

Address 1 3000Lleandeway 3025 Clearview Way

Address 2

City I San Mateo [ State/Province CA
Postal {ode 94402 Country | us

Legal Mame

Prefix | Given Mame Middie Name Family Name Suffix I
Thomas Derbanne I
Residence information {Select One) () US Residency (& Won US Residency () Active US Military Service
City Paris Country of Residence i FR

Mailing Addrass of Inventor:

Address 1 3080Clearvienittey 3020 Clearview Way E
Address 2 |
City San Mateo [ State/Provincs CA [
Postal Code I 94402 ‘ Country | ‘ us [

i Legal Name

WEBADS 1.8
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PTO/BIA/ 14 (08-15)

Approved for use through 64/30/2017. OMB 0851-0032

U.5. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond 1o a coliection of information uniess it contains a valid OMB control number.

Attornay Docket Number 48DG-026085

Application Data Sheet 37 CFR 1.76
Application Number

Title of Invention SYSTEMS AND METHODS FOR STABILIZING VIDEGS

Prefix| Given Name Middie Name Family Name Suffix

Maxim Karpushin

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

City Paris Country of Residence i R

Mailing Address of Inventor:

Address 1 2600-Clearview-Way 3025 Cleaview Way

Address 2

City San Mateo [ State/Province LA

Postal {ode l 94402 l Country | us

All Inventors Must Be Listed - Additional Inventor Information blocks may be generated v

within this form by selecting the Add button. e
Correspondence Information:

Enter either Customer Number or complete the Correspondance Information section balow.

For further information see 37 (FR 1.33(a).

[ | AnAddressis being provided for the correspondence information of this application.

Customer Number 137002

Email Address docketing@esplinegal [ Add Email [ [ Remove Email

Application Information:

Title of the Invention SYSTEMS AND METHODS FOR STABILIZING VIDEQS

Attorney Docket Number | 46DG-026085 Small Entity Status Claimed [

Application Type

Subject Matter

Total Number of Drawing Sheets (if any) 9 Suggested Figure for Publication (if any}

Filing By Reference:

Only complete this section when filing an application by reference under 35 US.C. 111(c) and 37 CFR 1.57{a). Do notcomplete thissection 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/Mational 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). .
§mn

Appilication number of the previously Filing date {YYY Y-MM-DD) intellectual Property Authority or Country
filed application

WEB ADS 1.0
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PTO/BIA/ 14 (08-15)

Approved for use through 64/30/2017. OMB 0851-0032

U.5. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond 1o a coliection of information uniess it contains a valid OMB control number.

Attorney Docket Number 46DG-026085

Application Data Sheet 37 CFR 1.76
Application Number

Title of invention SYSTEMS AND METHODS FOR STABILIZING VIDEOS

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

Req&zesﬁ Not to Publish. hereby request that the attached application not be published under 35U5L0
] 122{b) and certify that the invention disclosed in the attached application has not and will not be the subject of an
7 application filed in another country, or under a multilateral international agreement, that requires publication at eighteen
© application filed § h Y, d juil I ional ag h quires publicati igh
months after filing.

Representative Information:

Representative information should be provided for all practitioners having a power of attormney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application {see 37 (FR 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: {8) Customner Number () U5 Patent Practitioner l () Limited Recognition {37 CFR11.9)

Customer Nurnber 137002

Prefix Given Name Middle Name Family Name Suffix . .
| Remove |

Registration Number

Prefix Given Name Middle Mame Family Name Susffix

| Remove |
Sty

Registration Number

Additional Representative information blocks may be generated within this form by
selecting the Add button.

Domestic Benefit/National 5tage Information:

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

When referring 1o the current application, please leave the “Application Number” field blank.

rior Application Status | Pending emove
Fibing or 371} Date
Application Numbser Continuity Type Prior Application Number YYYY-MM-DD)
Continuation of 16/587,811 2018-09-30
WEBADS 10
Insta360
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PTO/BIA/ 14 (08-15)

Approved for use through 64/30/2017. OMB 0851-0032

U.5. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond 1o a coliection of information uniess it contains a valid OMB control number.

Attorney Docket Number 46DG-026085

Application Data Sheet 37 CFR 1.76

Application Number

Title of invention SYSTEMS AND METHODS FOR STABILIZING VIDEOS

Prior Application Status | Pending
Filing or 371{¢) Date
Application Number Continuity Type Prior Application Number (YYY¥-MM-DD)
16/587,811 Continuation of 16/548,549 2019-08-22

Prior Application Status | Patented

Application L Prior Application Filing Date tssue Date
Number Continuity Type Number YYYY MDD} Patent Number CYYYY-MM-DD)
16548549 Continuation of 16392501 201904-23 10432364 2019-10-01

Prior Application Status

Filing or 371{c} Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
16392501 Claims benefit of provisional 62733237 2018-08-19

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

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 U2.0 119(b) and 37 CFR 1.55. When priority is claimed to a foreignapplication thatis elfigible
for retrieval under the pricrity document exchange program (PDX] the information will be used by the Office to automatically attempt retrieval
pursuantto 37 CFR 1.55(({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 3 certified copy of the foreign priosity
application is filed, within the time period specified in 37 CFR 1.55{(g){1).

Application Number CsumryE Filing Date (YYYY-MM-DD} Access Codelif applicable)

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

Statement under 37 CFR 1.55 or 1.78 for AlA {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 containad at any time, a2 claim to a daimed invention that has an effective filing date on or after March
1 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 1o file provisions of the AlA.

WEBADS 10
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PTO/BIA/ 14 (08-15)

Approved for use through 64/30/2017. OMB 0851-0032

U.5. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond 1o a coliection of information uniess it contains a valid OMB control number.

. Attorney Docket Number 46DG-026085
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention SYSTEMS AND METHODS FOR STABILIZING VIDEGS

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 (P} office access 1o the instant application-as-filed (see paragraph A in
subsection 1 below) and the European Patent Office (EPO} access to any search resulis 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 Appilication Data Sheet is QNLY 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 1P office(s). Instead, Form PTG/SB/38 or PTG/SB/6S 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 (EPQ), 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 (WIPQ), 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 bibliocgraphic data, {2) any foreign
or domestic application 1o 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}{1}.

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 autherity 1o provide the EPO access to the bibliographic data and search results from
the instant patent application when a European patent application claiming priority 10 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 dlaims 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 boxis checked, the USPTO will not be providing a participating foreign IP office with any
documents and information identified in subsection 14 above.

] B. Applicant DOES NGT 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 PO 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 (FR 1.14.

WEB ADS 1.0
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PTO/BIA/ 14 (08-15)

Approved for use through 64/30/2017. OMB 0851-0032

U.5. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond 1o a coliection of information uniess it contains a valid OMB control number.

Attornay Docket Number 46DG-026085

Application Data Sheet 37 CFR 1.76
Application Number

Title of Invention SYSTEMS AND METHODS FOR STABILIZING VIDEOS

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.

2 3PP : > 2 re2 G § 2 ; 37 CFR 1.45), se E 2 pleted, 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 obifigation to assign the invention, or person who otherwise shows
sufficient proprietary interest in the matter who is the applicant under 37 {FR 146 If the applicant is an applicant under 37 CFR 1.46 (assignes,
person to whom the inventor is obligated to assign, or person who otherwise shows sufficient proprietary interest} together with one or more
jointinventors, then the joint inventor or inventors who are also the applicant should be identified in this section.

[, Clear —}

< . k2 5

Assignee () Legal Representative under 35 US.C 117 () Jointinventor
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:

Mame of the Deceased or Legally Incapacitated inventor:

if the Applicant is an Organization check here, B

Organization Name GoPro, Inc.

Mailing Addrass information For Applicant:

Address 1 2000-Heardevcilay 3025 Clearview Way

Address 2

Clty San Mateo State/Province CA
Country' | US Postal Code 24402
Phone Number Fax Mumber

Email Address

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

WEBADS 10
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PTO/BIA/ 14 (08-15)
Approved for use through 64/30/2017. OMB 0851-0032

U.5. 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 46DG-026085
Application Data Sheet 37 CFR 1.76
Application Number

Title of Invention SYSTEMS AND METHODS FOR STABILIZING VIDEOCS

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.

03’\’:

plete this section if assignee information, including non-applicant assignee information, is desired to be indluded on the patentapplication
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
pubilication.

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

Family Name Suffix

Prefix Given Name Middle Name

Mailing Address Information For Assignes including Non-Rpplicant Assignee;

Address 1

Address 2

City State/Provinee
Country | Postal Code
fhone Number Fax Number

Email Address

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

WEBADS1.0
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PTO/AIAS 14 (08-15)

Approved for use through 64/30/2017. OMB 0851-0032
U.5. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond 1o a coliection of information uniess it contains a valid OMB control number.

Application Data Sheet 37 CFR 1.76

Attorney Doclet Number

46DG-026085

Application Number

Title of Invention

SYSTEMS AND METHODS FOR STABILIZING VIDEOS

Signature:

MOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33{b). Howevwer, if this Application Data Sheet
is submitted with the INITIAL filing of the application and sither 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 1.148{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 (g,
see USPTO Form PTO/AIA/B1) on behalf of all joint inventor-applicants.

Seg 37 CFR 1.4{d) for the manner of making signatures and certifications.

Signature  /D. Benjamin Esplin/ Date (YYYY-MM-DD) 2020-09-25
First Name D. Berjamin Last Name Esplin Registration Number 58297
Additional Signature may be generated within this form by selecting the Add button.
WEB ADS 1.0
Insta360
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Page 1 of 2

| UNITED STATES i Vi AZRDOR 1450
PATENT AND TRADEMARK OFFICE A, Y ko oy

ELECTRONIC ACKNOWLEDGEMENT RECEIPT

APPLICATION # RECEIPT DATE / TIME ATTORNEY DOCKET #
16/713,798 Gu/25/2020 014319 PM ET 48DG-026085

Title of Invention
SYSTEMS AND METHODS FOR STARBILIZING VIDEGSS

Application Information

APPLICATION TYPE  Utility - Nonprovisional Application PATENT #
under 35 USO 111(a)

CONFIRMATION # 2783 FILED BY (hsisea Foarsall
PATENT CENTER# 80088059 FILING DATE  12/13/201%
CUSTOMER # 137002 FIRST NAMED  {lesar Douady
INVENTOR
CORRESPONDENCE - AUTHORIZED BY  [xavid Fsplin

ADDRESS
Documents TOTAL DOCUMENTS: 1
DOCUMENT PAGES  DESCRIPTION SIZE (KB}
48DG-026085- 8 Application Data Sheet 480 KB
Corrected_ADS.pdi

Warning: This is not 3 USPTO supplied ADS fillable form. Data in the form cannot be
automatically loaded o other USPTO sysiems.

Digest

DOCUMENT MESSAGE DIGEST(SHA-B1Z)

460G-026085- SCBAFABDEFSEQB40D2E8DER43562F0COBET EA42BO0FF35E678
Correcied ADS pdi 25064525DF 1ABGRR4FCOBDOARSBCEERE008CFTOoBIEFCBATT4
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FOFE12430D21A43CF04A0212D04E479

This Acknowledgemernt Recaipt evidences receipt on the noted date by the USPTO of the indicated documents, characterized
by the applicant, and including pags counts, where appiicabls. i serves as evidence of receipt sieilar 1o a8 Post Card, as
described in MPEP 504

New Applications Under 38 U.8.0. 111

¥ a new applicallon is being #led and the application inciudes the necessary components for filing date (see 37 CFR 1.53(b)-(d)
ardd MPEP 506}, a Filing Receipt (37 OFR 1.54) will b issued in due courss and the dale shown on this Acknowledgement
Raceipt will eslabiish the filing dale of the application

National Stage of an International Application under 38 U.S.0. 371

i a timely subrission fo enter the national stags of an international application is compliant with the conditions of 35 UL.5.C.
371 and other applicabls requirements a Form POT/DOEDB0S indicating acceptance of the application as a national stage
submission under 35 L1.5.C. 371 will be issued in addition 1o the Filng Recaipt, in dus course.

Mew international Application Filed with the USPTO as 2 Regeiving Qffice

i g new intermnalional appiication is baing fHed and the international application includes the nacessary compoeneanis for an
international filing Cale (see POT Article 11 and MPER 1810), a Motification of the Inlernational Application Number and of the
International Filing Date (Form PCT/RO/OS) will he issuad in due course, subjsct io prescriptions concerning national security,
and the date shown on this Acknowledgement Receinl will eslablish the international filing dale of the application.
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Electronic Acknowledgement Receipt

EFS ID: 39725759
Application Number: 16713798
International Application Number:
Confirmation Number: 2783

Title of Invention:

SYSTEMS AND METHODS FOR STABILIZING VIDEOS

First Named Inventor/Applicant Name:

Cesar Douady

Customer Number:

137002

Filer:

Vadim Polonichko/Julie Jager

Filer Authorized By:

Vadim Polonichko

Attorney Docket Number:

46DG-026085

Receipt Date: 15-JUN-2020
Filing Date: 13-DEC-2019
Time Stamp: 21:27:35

Application Type:

Utility under 35 USC 111{(a)

Payment information:

Submitted with Payment no
File Listing:
Document .. . File Size(Bytes Multi Pages
Y Document Description File Name ile Size( y i Y I. . 9
Number Message Digest | Part/.zip| (ifappl.)
46711
Information Disclosure Statement (IDS) GP-46DG-026085_SyncIDS-
! Form (SB08) Form.pdf no 1
orm ( p ec303431f74c64da5d02133767e360a953d
94e83
Warnings:
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Information:

This is not an USPTO supplied IDS fillable form

505569
. GP-46DG-026085_Transmittal-
2 Transmittal Letter no 1
Letter.pdf
04a2788dbb22b4a65cfa4506984ef0933da

Warnings:

Information:

Total Files Size (in bytes): 552280

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

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 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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INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

Application Number | 16/713,798

Filing Date | 12/13/2019

First Named Inventor | César Douady

Art Unit | 0000

Page 1 of 1 Matter Number | 46DG-026085
U.S. PATENT/PUBLICATION DOCUMENTS
Initials Cite Document Issue/Publication First Named Inventor Relevant Pages, Columns,

No. Number Date etc.
1 10015308 07/03/2018 CHO KYUNGMIN

2 10542215 01/21/2020 KUNISHIGE KEIJI

3 9819857 11/14/2017 MIYAJIMA TAKURO

4 20160255273 09/01/2016 WAKAMATSU NOBUSHIGE

5 20130141600 06/06/2013 PROCA ADRIAN

6 20190191090 06/20/2019 MURASHIMA RYUICHI

7 20160191800 06/30/2016 YOSHIKAWA AKIO

8 20160227105 08/04/2016 KOBAYASHI SEIJI

9 20160224225 08/04/2016 KONDO EMI

10 20120137236 05/31/2012 ABE MITSUO

11 20110063236 03/17/2011 ARAI KOJI

12 20100033614 02/11/2010 YOO JEOUNG-GON

13 20180121057 05/03/2018 LIANG ZHE

14 20160124917 05/05/2016 DUCAT FABIEN

15 20080307329 12/11/2008 ENDOH TSUYOSHI

FOREIGN PATENT DOCUMENTS
Initials Cite Document Publication Country Relevant Pages, Columns, T

No. Number Date etc.

OTHER DOCUMENTS

Initials Cite
No.

Author, Title, Date, Pages, etc.

Examiner Signature

Date Considered

Examiner: Please initial if citation considered, whether or not citation is in conformance with MPEP Section 609. Please draw
a line through the citation if it is not in conformance and it is not considered. Please include a copy of this form with the next
communication to the applicant.

SynclDS.com
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Application Number | 16/713,798

INFORMATION DISCLOSURE Filing Date | 12/13/2019
STATEMENT BY APPLICANT First Named Inventor | César Douady
Art Unit | 0000
Page 1 of 1 Matter Number | 46DG-026085
GENERAL

Pursuantto 37 C.F.R. 1.97 and 1.98 and to the duty of disclosure set forth in 37 C.F.R. 1.56, the Examiner in charge of the
above-identified application is requested to consider and make of record the references listed herewith. A copy of each listed
reference, other than U.S. patents/applications and references cited in a parent application, is enclosed.

Although the information submitted herewith may be "material" to the Examiner's consideration of the subject application, this
submission is not intended to constitute an admission that such information is "prior art" as to the claimed invention.

In accordance with 37 C.F.R. 1.97(g), the filing of this Information Disclosure Statement shall not be construed to mean that a search
has been made.

TIMING

In accordance with 37 CFR 1.97(b), this Information Disclosure Statement is being filed within three months of the filing of a national
application other than a continued prosecution application under 37 CFR 1.53(d); within three months of the date of entry of the
national stage as set forth in 37 CFR 1.491 in an international application; before the mailing of a first Office Action on the merits; or
before the mailing of a first Office Action after the filing of a request for continued examination under 37 CFR 1.114.

CERTIFICATION STATEMENT
No certification statement is required. This Information Disclosure Statement is being filed in accordance with 37 CFR 1.97(b).

FEE
No fee is required. This Information Disclosure Statement is being filed in accordance with 37 CFR 1.97(b).

If necessary, the Director is hereby authorized to charge or credit Deposit Account No. 601896 for any additional fees, or any
underpayment or credit for overpayment in connection herewith. Please reference attorney docket number 46DG-026085 for any
such charge or credit.

ADDITIONAL COMMENTS

SIGNATURE

Signature |/ Vadim Polonichko / Date |2020-06-15

Name | Vadim Polonichko Registration Number | 62769

SynclDS.com
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
16/713,798 12/13/2019 Cesar Douady 46DG-026085
CONFIRMATION NO. 2783
137002 PUBLICATION NOTICE
Esplin & Associates (GoPro)
5411 Avenida Encinas IR I QD RTETR TR
00000011629109

Suite 100
Carlsbad, CA 92008

Title:SYSTEMS AND METHODS FOR STABILIZING VIDEOS

Publication No.US-2020-0120252-A1
Publication Date:04/16/2020

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37
CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be accessed through the USPTO's publically available Searchable Databases via the
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set
forth in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's
Public Records Division. The Public Records Division can be reached by telephone at (571) 272-3150 or (800)
972-6382, by facsimile at (571) 273-3250, by mail addressed to the United States Patent and Trademark Office,
Public Records Division, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and

the dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through

the Patent Electronic Business Center at www.uspto.gov using the public side of the Patent Application
Information and Retrieval (PAIR) system. The direct link to access this status information is currently
https://portal.uspto.gov/pair/PublicPair. Prior to publication, such status information is confidential and may only
be obtained by applicant using the private side of PAIR.

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent
Electronic Business Center at 1-866-217-9197.

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1
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(57) Abstract: An imaging controller includes an index calculator to calculate an index value for each of divided areas of images
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ation value calculator to evaluate the images and an overlapping area between the images on the basis of the index value of each di-
vided area calculated by the index calculator and calculate an overall evaluation value, and a condition determiner to determine an
imaging condition for each of the imaging units on the basis of the overall evaluation value calculated by the evaluation value calcu -
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DESCRIPTION
IMAGING CONTROLLER AND IMAGING CONTROL METHOD AND

PROGRAM

CROSS REFERENCE TO RELATED APPLICATION
The present application is based on and claims priority from Japanese

Patent Application No. 2012-199622, filed on September 11, 2012,

Technical Field
[0001]

The present invention relates to an imaging controller which can provide
appropriate imaging conditions to multiple imaging units, and an imaging control
method executed by the imaging controller and a program for realizing the
imaging control method. |

Background Art
[0002] |

There is a known omnidirectional imaging system which includes multiple
wide-angle lenses such as fisheye lens or super wide-angle lens to capture an
image in omnidirections at once. It is configured to project images from the
lenses onto a sensor surface and combine the images through image processing to
thereby generate an omnidirectional image. For example, by use of two
wide-angle lenses with angle of view of over 180 degrees, omnidirectional images
can be generated. In the image processing a partial image captured by each lens
system is subjected to distortion correction and projection conversion on the basis
of a certain projection model with a distortion from an ideal model taken into
account. Then, the partial images are connected on the basis of an overlapping

portion of the partial images to form a single omnidirectional image.
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[0003]

In related art an exposure correction techniique of a digital camera to
acquire a proper exposure from a captured image is. known. Fpr instance,
Japanese Patent Application Publication No. 2007-329555 discloses an imaging
system including multiple imaging units arranged to have an overlapping imaging
area to extract an overlapping area from ecach of the images captured by the
imaging units. It is configured to adjust at least one of the exposure and white
" balance of the imaging units according to each image of the extracted overlapping
areas to reduce a difference in the brightness or color of the captured images, for
the purpose of abating workloads of post-processing such as synthesis.

[0004]

However, it is difficult for the omnidirectional imaging system to acquire
a proper exposure by such a related-art exposure correction technique because the
optical conditions or photographic circumstances of the imaging units thereof
differ. The related art disclosed in the above document only concerns an
overlapping area so that it cannot obtain appropriate exposure correction valués
under an unbalanced exposure condition if the overlapping area is small relative to
the entire image. In particular, since the imaging area of the omnidirectional
imaging system is omnidirectional, a high-brightness subject as the sun is often
captured on a sensor, which may cause a flare and an increase in image offset
value. A proper exposure can be obtained for each sensor, however, it may cause
a difference in brightness between the connecting portions of the images and

impair the quality of an omnidirectional image.

Disclosure of the Invention

[0005]
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The present invention aims to provide an imaging controller and imaging
control method and program which can provide to each of imaging units a proper
imaging condition to abate a discontinuity at the connecting points of the images
captured by the imaging units in synthesizing the images.

[0006]

According to one aspect of the present invention, an imaging controller
comprises an index calculator to calculate an index value for each of divided areas
of images captured by a plurality of imaging units, the index value for evaluating a
photographic state of each of the divided areas, an evaluation value calculator to
evaluate the images and an overlapping area between the images on the basis of
the index value of each divided area calculated by the index calculator and
calculate an overall evaluation value, and a condition determiner to determine an
imaging condition for each of the imaging units on the basis of the overall

evaluation value calculated by the evaluation valuec calculator.

Brief Description of the Drawings
[0007]

Features, embodiments, and advantages of the present invention will
become apparent from the following detéiled description \:Vith reference to the
accompanying drawings:.

FIG. 1 is a cross section view of an omnidirectional imaging system
according to the present embodiment;

FIG. 2 shows the hardware configuration of the omnidirectional imaging
system in FIG. 1;

FIG. 3 shows a flow of the entire image processing of the omnidirectional

imaging system in FIG. 1;
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FIGs. 4A, 4B show 0™ and 1° images captured by two fisheye lenses,
respectively and FIG. 4C shows a synthetic image of the 0™ and 1% captured
images by way of example;

FIG. 5A, 5B show an area division method according to the present
embodiment;

FIG. 6 is a flowchart for exposure control executed by the omnidirectional
imaging system according to the present embodiment; and

FIG. 7 is a flowchart for exposure calculation executed by the

omnidirectional imaging system according to the present embodiment.

Description of Embodiments
[0008]

Hereinafter, an embodiment of an imaging controller and an imaging
system will be described in detail with reference to the acéompanying drawings.
Wherever possible, the same reference numbers will be used throughout the
drawings to refer to the same or like parts. By way of example, the present
embodiment describes an omnidirectional imaging system which comprises a
camera unit including two fisheye lenses and a function to decide an imaging
condition on the basis of images captured by the two fisheye lenses. However,
the present embodiment should not be limited to such an example. Alternatively,
the omnidirectional imaging system can comprise a camera unit including three or
more fisheye lenses to determine an imaging condition according to the images
captured by the fisheye lenses. Herein, a fisheye lens can include a wide-angle
lens or a super wide-angle lens.

[0009]
Referring to FIGs. 1 to 2, the overall configuration of an omnidirectional

imaging system 10 is described. FIG. 1 is a cross section view of the
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omnidirectional imaging system 10 (hereinafter, simply imaging system). It
comprises a camera unit 12, a housing 14 accommodating the camera unit 12 and
elements as controller, batteries, and a shutter button 18 provided on the housing
14.

[0010]

The camera unit 12 in FIG. 1 comprises two lens systems 20A, 20B and
two solid-state image sensors 22A, 22B as CCD (charge coupled device) sensor or
CMOS (complementary metal oxide semiconductor). Herein, each of the pairs of
the lens systems 20 and solid-state image sensors 22 are referred to as imaging
unit. The lens systems 20A, 20B are each comprised of 6 groups of 7 lenses as a
fisheye lens, for instance. In the present embodiment the fisheye lens has total
angle of view of 180 degrees (360 degrees/n, n = 2) or more, preferably 185
degrees or more, more preferably 190 degrees or more.

[0011]

The optical elements as lenses, prisms, filters, aperture stops of the lens
systems 20A, 20B are positioned relative to the solid-state image sensors 22A,
22B so that the dptical axes of the optical elements are orthogonal to the centers of
the light receiving areas of the cprresponding solid-state image sensors 22 as well
as the light receiving areas become the imaging planes of the corresponding
fisheye lenses. The solid-state image sensors 22 are area image sensors on which
photodiodes are two-dimensionally arranged, to convert light gathered by the lens
systems 20 to image signals.

[0012]

In the present embodiment the lens systems 20A, 20B are the same and
disposed opposite to each other so that their optical axes coincide. The
solid-state image sensors 22A, 22B convert light distribution to image signals and

output them to a not-shown image processor on the controller. The image
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processor combines partial images from the solid-state image sensors 22A, 22B to
generate a synthetic image with solid angle of 4n in radian or an omnidirectional
image. The omnidirectional image is captured in all the directions which can be
seen from a shooting point. Instead of the omnidirectional image, a panorama
image which is captured in a 360-degree range onl}; on a horizontal plane can bé
generated.

[0013]

To form an omnidirectional image with-use of the fisheye lenses with total
angle of view of more than 180 degrees, an overlapping portion of the captured
images by the imaging units is used for connecting images as rcference data
representing the same image. Generated omnidirectional images are output to,
for instance, a display provided in or connected to the camera unit 12, a printer or
an external storage medium such as SD card®, compact flash®.

[0014]

FIG. 2 shows the structure of hardware of the imaging system 10
according to the present embodiment. The imaging system 10 comprises a digital
still camera processor 100 (hereinafter, simply processor), a lens barrel unit 102,
and various elements connected with the processor 100. The lens barrel unit 102
includes the two pairs of lens systems 20A, 20B and solid-state image sensors 22A,
22B. The solid-state image sensors 22A, 22B are controlled by a command from
a CPU 130 of the processor 100.

[0015]

The processor 100 comprises ISPs (image signal processors) 108A, 108B,
a DMAC (direct memory access controller) 110, an arbiter (ARBMEMC) 112 for
memory access, a MEMC (memory controller) 114 for memory access, and a

distortion correction and image synthesis block 118. The ISPs 108A, 108B
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perform automatic exposure control to and set white balance and gamma balance
of image data signal-processed by the solid-state image sensors 22A, 22B.
[0016]

The MEMC 114 is connected to an SDRAM 116 which temporarily stores
data used in the processing of the ISP 108A, 108B and distortion correction and
image synthesis block 118. The distortion correction and image synthesis block
118 performs distortion correction and vertical inclination correction on the two
partial images from the two imaging units on the basis of information from a
triaxial acceleration sensor 120 and synthesizes them.

[0017]

The processor 100 further comprises a DMAC 122, an image processing
block 124, a CPU 130, an image data transferrer 126, an SDRAMC 128, a memory
card control block 140, a USB block 146, .a peripheral block 150, an audio unit 152,
a serial block 158, an LCD (Liquid Crystal Display) driver 162, and a bridge 168.

[0018]

The CPU 130 controls the operations of the elements of the imaging
system 10. The image processing block 124 performs various kinds of image
processing on image data together with a resize block 132, a JPEG block 134, and
an H. 264 block 136. The resize block 132 enlarges or shrinks the size of image
data by interpolation. The JPEG block 134 is a codec block to compress and
decompress image data in JPEG. The H. 264 block 136 is a codec block to
compress and decompress video data in H.264. The image data transferrer 126
transfers the images processed by the image processing block 124. The
SDRAMC 128 controls the SDRAM 138 connected to the processor 100 and
temporarily storing image data during image processing by the processor 100.

[0019]
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The memory card control block 140 controls data read and write to a
memory card and a flash ROM 144 inserted to a memory card throttie 142 in which
a memory card is detachably inserted. The USB block 146 controls USB
communication with an external device such as personal computer connected via a
USB connector 148. The peripheral block 150 is connected to a power switch
166.

[0020]

The audio unit 152 is connected to a microphone 156 for receiving an
audio signal from a user and a speaker 154 for outputting the audio signal, to
control audio input and output. The serial block 158 controls serial
communication with the external device and is connected to a wireless NIC
(network interface card) 160. The LCD driver 162 is a drive circuit for the LCD
164 and converts the image data to signals for displaying various kinds of
information on an LCD 164.

[0021]

The flash ROM 144 contains a control program written in readable codes
by the CPU 130 and various kinds of parameters. Upon power-on of the power
switch 166, the control program is loaded onto a main memory. The CPU 130
controls the operations of the units and elements of the image processor in
compliance with the control program on the main memory, and temporarily stores
necessary control data in the SDRAM 138 and a not-shown local SRAM.

[0022]

FIG. 3 shows essential function blocks for controlling imaging condition
and the flow of the entire image processing of the imaging system 10 according to
the present embodiment. First, the solid-state fmage sensors 22A, 22B capture
images under a certain exposure condition and output them. Then, the ISPs 108A,

108B in FIG. 2 perform optical black correction, defective pixel correction, linear

Insta360
Exhibit 1002 Page 142



WO 2014/042104 - PCT/JP2013/074170

correction, shading correction and arca division (collectively referred to as first
processing) to the images from the solid-state image sensors 22A, 22B and store
them in memory.

[0023]

The optical black correction is a processing in which an output signal from
an effective pixel area is subjected to clamp correction, using the output signals of
optical black areas of the solid-state image sensors as a black reference level. A
solid-state image sensor such as CMOS may contain defective pixels from which
pixels values are not obtainable because of impurities entering a semiconductor
substrate in the manufacturing of the image sensor. The defective pixel
correction is a processing in which the value of a defective pixel is corrected
according to a combined signal from neighboring pixels of the defective pixel.

[0024]

The linear correction is for each of RGBs. The shading correction is to
correct a distortion of shading in an effective pixel area by multiplying the output
signal pf the effective pixel area by a certain correction coefficient. The area
division is to divide a captured image into small areas and calculate an integrated
value or an integrated average value 6f brightness values for each divided area.

[0025]

Returning to FIG. 3, after the first processing the ISPs 108A, 108B further
perform white balance, gamma correction, Bayer interpolation, YUV conversion,
edge enhancement and color correction (collectively referred to as second
processing) to the images, and the images are stored in the memory. The amount
of light transmitting through the color filters of the image sensors changes
depending on the color of the filter. The white balance correction is to correct a
difference in sensitivity to the three colors R (red), G (green), and B (blue) and set

a gain for appropriately representing white color in an image. A WB (white
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balance) calculator 220 calculates a white balance parameter according to the RGB
integrated value or integrated average value calculated in the area division process.
The gamma correction is to correct a gamma value of an input signal so that the
output linearity of an output device is maintained with the characteristic thereof
taken into account.

[0026]

Further, in the CMOS each pixel is attached with any of RGB color filters.
The Bayer interpolation is to interpolate insufficient two colors from neighboring
pixels. The YUV conversion is to convert RAW data in RGB format to data in
YUV format of a brightness signal Y and a color difference signal UV. The edge
enhancement is to extract the edges of an image according to a brightness signal,
apply a gain to the edges, and remove noise in the image in parallel to the edge
extraction. The color correction includes chroma setting, hue setting, partial hue
change, and color suppression.

[0027]

After the various kinds of processing to the captured images under a
certain exposure parameter, the images are subjected to distortion correction and
image synthesis. A generated omnidirectional image is added with a tag properly
and storéd in a file in the internal memory or an external storage. Inclination
correction can be additionally performed on the basis of the information from the
triaxial acceleration sensor 120 or a stored image file can be subjected to
compression when appropriate.‘ A thumb-nail image can be generated by
cropping or cutting out the center area of an image.

[0028]

In the above-described image processing the exposure parameter for the

solid-state image sensors 22A, 22B is determined and set in an exposure condition

register 200 by an exposure condition controller 210. The imaging system 10
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according to the present embodiment does not need to include a photometer for
measuring the brightness of a subject but uses the outputs of the solid-state image
sensors 22A, 22B for exposure control. To display a captured image on a LCD or
an EVF (electronic view finder), image signals are constantly read from the
solid-state image sensors 22A, 22B. The exposure condition controller 210
repeatedly conducts a photometry on the basis of a read image signal and
determines whether a brightness level is appropriate, to correct the exposure
parameter such as F-value, exposure time (shutter speed), amplifier gain (ISO
sensitivity) and obtain a proper exposure.
[0029]

In omnidirectional photographing with the omnidirectional imaging
system 10, the two imaging units generate two images. In a photographic scene
including a high-brightness object as the sun, a flare may occur in one of the
images as shown in FIGs. 4A, 4B and spread over the entire image from the
high-brightness object. In such a case a synthetic image of the two images or
omnidirectional image may be impaired in quality because an increased offset of
the one of the images causes a difference in brightness at the connecting portions.
Furthe'r, no proper object for exposure correction but an extremely white or black
object will appear in an overlapping areca of the two images.

[0030]

In the imaging unit using fisheye lenses with total angle of view of over
180 degrees, most of photographic areas do not overlap except for partial
overlapping areas. Because of this, it is difficult to acquire a proper exposure for
the above scene by exposure correction based only on the overlapping area.
Further, even with the proper exposure obtained for the individual imaging units, a
discontinuity of color attribute as brightness may occur at the connecting positions

of a synthetic image.
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| [0031]

In view of avoiding insufficient exposure control, in the imaging system
10 the exposure condition controller 210 is configured to evaluate the level of
exposure of all of the images with the overlapping area and non-overlapping areas
of the images taken into consideration and decide exposure parameters as aperture
a, exposure time t and amplifier gain g for tﬁe solid-state image sensors 22A, 228
to be set in the exposure condition register 200.

[0032]

Specifically, the exposure condition controller 210 includes an area
calculator 212, an overall calculator 214 and an exposure condition determiner 216,
and can be realized by the ISPs 108 and CPU 130. In the first processing the
ISPs 108A, 108B calculate the integrated value ér integrated average value for
each divided area and outputs integrated data for each divided area, and the
exposure condition controlier 210 reads the integrated data.

[0033]

FIGs. 5A, 5B show how to divide an image into small areas by way of
example. In the present embodiment incident light on the lens systems 20A, 20B
is imaged on the light-receiving areas of the solid-state image sensors 22A, 22B in
accordance with a certain projection model such as equidistant projection.
Images are captured on the two-dimensional solid-state area image sensors and
image data represented in a plane coordinate system. In the present embodiment
a circular fisheye lens having an image circle diameter smaller than an image
diagonal line is used and an obtained imagé is a planar image including the entire
image circle in which the photographic areas in FIGs. 4A, 4B are projected.

[0034]
The entire image captured by each solid-state image sensor is divided into

small areas in circular polar coordinate system with radius r and argument 0 in FIG.
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5A or small areas in planar orthogonal coordinate system with x and y coordinates
in FIG. 5B. It is preferable to exclude the outside of the image circle from a
subject of integration and averaging since it is a non-exposed outside area. In the
area division of the ISPs 108, each image is divided into small areas as shown in
FIGs. 5A, 5B and the integrated value or integrated average value of brightness is
calculated for cach divided area. The integrated value is obtained by integrating
the brightness values of all the pixels in each divided area while the integrated
average value is obtained by normalizing the integrated value with the size
(number of pixels) of each divided area excluding the outside area.
[0035]}

The area calculator 212 receives the integrated data for each divided area
including the integrated average value and calculates an index value for each
divided area to evaluate a photographic state thereof. In the present embodiment
the index value is an area brightness level b for evaluating an absolute brightness
of each divided area. The brightness level b(x, y) of a certain divided area is

calculated for each solid-state image sensor 22 by the following equation:

az,
t-g

b(x, y)=s(x, y) -+ (1)
where s(x,y) is an integrated average value for a certain divided area, a is an
aperture, t is exposure time, and g is amplifier gain. The brightness level b(r, 0)
of a divided area in a circular coordinate system can be calculated in the same
manner.
[0036]
The brightness level b (x, y) is an index value to evaluate the brightness of
a subject in each divided area and calculated from the brightness of a pixel value

of an actual image according to a current exposure parameter (a, t, g).
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[0037]

The overall calculator 214 evaluates the captured images including the
overlapping area as a whole on the basis of the calculated brightness level ‘bi(x, y)
and calculates an overail evaluation value with weighting according to an
overlapping portion between the photographic areas of the images. Herein, the
solid-state image sensors 22A, 22B are referréd to as 0" and 1°' image sensors and
their brightness levels are referred to as b® (x,y) and b!(x,y), respectively. In the
present embodiment the overall evaluation value is an overall brightness level bT
to evaluate the brightness of all the areas of the images or subject brightness as a
whole with a certain weighting.

[0038]
The overall brightness level bT!is calculated for an i-th solid-state image

sensor by the following equation:

S b0, y)x w(x, )+ D b (x, y)x w'(x, ¥)
pT! =2 =Y -« (2)

Zwm(x,y)+Zw“(x,y-)
Xy X,y

where b’ (x,y) is a brightness level for each divided area of each solid-state image

sensor j (j € 0, 1) and w'' (x, y) is a weighted value in weighted averaging for
each divided area.
[0039]

As expressed by the above equation, different sets of weighted values w'!
(x, y) are used for each solid-state image sensor. The weighted values w' (x, y)
can be adjusted so that a larger value is given to a solid-state image sensor with a
lower brightness level to prevent receipt of an influence from a light source.
Thus, weighting can be performed properly in accordance with a result of
determination about a photographic scene. Further, the small areas (x, y) can be

zoned into intermediate areas as overlapping area and non-overlapping area as
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indicated by hatching in FIGs. SA, SB. The overall brightness level bT! can be
calculated by the following equation, using the brightness level and weighted

values for each intermediate area.

_ wli x BE® + w2ixBE' +w3ix bC°® + waix bC"
wli + w2i + w3i + wdi

bTi. -+ (3)
where bE? is a brighteness level (average) of an edge area (overlapping area) of
the O™ image, bC° is a brighteness level (average) of a center area
~ (non-overlapping area) of the 0" image, bE' is a brightness level (average) of an
edge arca (overlapping area) of the 1°' image, bC! is a brighteness level (average)
of a center area (nomn-overlapping area) of the 1°' image, and wili to w4i are
weighted values of weighted averaging set for each intermediate area of an i-th
solid-state image sensor. The basic values of weighted values wli to w4i can be
calculated by the following equations (4):

Wli=W2i=Ae/ (AO+A1+2Ac¢)

W3i=A0/(A0O+A1+2Ace)

W4i=A1,/ (AO+A1+2Ace)
where Ae is the size of the edge areas of the 0'" and 1% images, and A0 and A1l are
the sizes of the center areas of the 0™ and 1°' images. The calculated basis values
can be corrected in accordance with a result of determination about a photographic
scene such that a solid-state image sensor with a lower brightness level is given a
larger weight.

[0040]
Preferably, the overall calculator 214 can include a weighting setter to set

the weighted values wii(x, y) according to a signal level of a captured image. The
weighting setter is configured to create a brightness distribution (histogram) from

the brightness levels b (x, y) of all the divided areas and analyze a total average
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value and brightness distribution for the scene determination. Then, according to
a determined scene, it can change the weighted values wji(x, y) for a certain
divided area depending on the brightness level b(x, y) for the divided area in
question.

[0041]

For example, in a dark scene as night view, the weighting setter sets, by
adding a predetermined amount to the area brightness level, the weighted value
wi(x, y) to a larger value for evaluating a divided area with a larger brightness
level b(x, y) calculatéd. Thereby, a bright subject in a dark scene is highly
evaluated for photometry and exposure can be properly controlled according to a
result of the photometry. Meanwhile, in a bright scene the weighting setter sets a
larger weighted value w''(x, y) for a divided area with a smaller brightness level
b(x, y) calculated. Thus, a dark subject in a bright scene is highly evaluated for
photometry.

[0042] |

Alternatively, a divided area containing an extremely black or white
subject can be detected according to an upper limit threshold and a lower limit
threshold to exclude the divided area for a subject of the photometry. For
example, if a divided area or a white arca with a brightness level equal to or over
an upper limit threshold (by,) and/or a divided area or a black area with a
brightness level equal to or below a lower limit threshold (byy) is/are detected,
these areas can be given a smaller weight or zero. Thereby, it is possible to
calculate the overall brightness level bT with the divided area unsuitable for
exposure correction given a small weight or nbt taken into account.

[0043]
The weighting setter determines a scene of each the 0™ and 1% images

captured by the two solid-state image sensors 22A, 22B on the basis of a relation
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of the brightness between the two images and sets weighted values appropriate for
the scene for each of the solid-state image sensors 22A, 22B. For example, to
prevent receipt of an influence from a light source, the weighted values wit x, ¥)
can be adjusted so that a larger value is given to a solid-state image sensor with a
lower brightness level.
[0044]

The exposure condition determiner 216 determines an exposure parameter
(a, t, g) for each i—th solid-state image sensor on the basis of the overall brightness
level bT' calculated by the overall calculator 214. The overall brightness level
bT is to evaluate the brightness of a subject in the images, and a condition for

acquiring a proper exposure can be represented by the following conditions:

a’® bT-g
t K
Bv+Sv=Av+Tv ---(5)

where k is a constant, Bv is a brightness value, Sv is a sensitivity value, Av is an

aperture value and Tv is a time value. The condition (5) is a transformation of

the condition (4) taking 2 as a base of logarithm of each of the four parameters.
[0045]

The four parameters are calculated by the following equations:

Av - (6)

I
[\
[y
Q
e
N
Q

Tv = log , " -+ (7)

Bv =log,(kpT) - (®
Sv = log 2(k2g) o

In the equations (8), (9) ki, k; are constants.

[0046]
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Specifically, to satisfy the above exposure conditions, the exposure
condition determiner 216 adjusts the aperture a, exposure time t and amplifier gain
g for each i-th solid-state image sensors 22 according to a current exposure
parameter and a measured subject brightness or overall brightness level and
acquires a proper exposure. The corrected exposure parameter (a’, t’, g’) can be
obtained from the brightness level bT!, referring to a table called a program
diagram which is prepared in advance in accordance with the characteristic of the
imaging system 10. Herein, the program diagram refers to a diagram or a table
containing the combinations of the amplifier gain g and exposure time t with a
fixed aperture a. | Exposure values can be determined from the combinations.

[0047]

In the present embodiment an optimal combination of the aperture a,
exposure time t and amplifier gain g is obtainable from the overall brightness level
bT by a certain program diagram. Alternatively, at least one of the aperture a,
exposure time t and amplifier gain g can be manually set and the rest of thém can
be found from the program diagram. Such automatic exposure mode exemplifies
shutter priority mode in which exposure time t is manually set, aperture priority
mode in which aperture a is manually set, and sensitivity priority mode in wh_ich
amplifier gain g is manually set.

[0048]

Hereinafter, the exposure control by the imaging system 10 is described,
referring to FIGs. 6, 7. FIG. 6 is a flowchart for the exposure control while FIG.
7 is a flowchart for exposure calculation process of the exposure control. The
operation in FIG. 6 is repeatedly executed every time images are captured by the
image sensors 22A, 22B. In step S101 the imaging system 10 calculates an

integrated average value for each divided area of the two image sensors 22A, 22B
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by integrating the pixel values thereof. In step S102 the exposure calculation in
FIG. 7 is called up.
[0049]

In FIG. 7 in step S201 the imaging system 10 takes the statistics of
integrated average values for the divided areas of each solid-state image sensor 22
to calculate an average and a dispersion (or a standard deviation) of the image.
In step S202 the imaging system 10 determines whether a current exposure
parameter is in an allowable range from the average and dispersion of the two
images to sufficiently evaluate a subject brightness. For example, if the average
of the images is close to zero and the dispersion is lower than a certain threshold,
it is probable that black saturation occur in the captured images. In contrast, if
the average is close to saturation and a dispersion is low, it is probable that white
saturation'oAccur in the captured images. The light amount of captured images
with black or white saturation cannot be properly measured so that the exposure
parameter indicating black or white saturation is determined to be outside the
allowable range.

[0050]

With NO in step S202, the imaging system 10 proceeds to step S206 and
adjusts an exposure parameter to acquire a proper exposure, and completes the
operation in step S207. For instance, with the occurrence of black saturation, the
exposure parameter is adjusted so that the aperture is opened and exposure time
and sensitivity are increased. In contrast, with the occurrence of white saturation,
the exposure parameter is adjusted so that the aperture is closed and exposure time
and sensitivity are decreased. When the gain g is fixed, the exposure parameter
(a’, t’) is adjusted by lowering an exposure value Ev by a predetermined number of
steps in black saturation. In white saturation the exposure parameter (2°, t*) is

adjusted by raising an exposure value Ev by a predetermined number of steps.
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When the aperture a is fixed, the exposure parameter (t’, g’) is adjusted by
increasing the exposure time t and amplifier gain g in black saturation and
decreasing them in white saturation.
[0051]

With YES in step S202, the area calculator 212 calculates a brightness
level b'(x,y) for each divided area of the 0™ and 1°' images on the basis of the
integrated average value s(x, y) and a current exposure parameter (a, t, g).

[0052] |

In step S204 the overall calculator 214 determines a scene of the images
and reads a weighted value w''(x, y) for the determined scene. In step S205 the
overall calculator 214 calculates the weighted average of the brightness levels
b%x, y) and b'(x, y) and calculates the overall brightness level bT' for each i-th
solid-stafe image sensors by the equations (2) and (3). In step S206 the exposure
condition determiner 216 adjusts the exposure according to the overall brightness
level bT' to satisfy the conditions (4) and (5) and determines the exposure
parameter (a’, t’, g’). Then, the imaging system 10 completes the exposure
calculation and returns to step S103 in FIG. 6.

[0053]

In step S103 the exposure parameter in the exposure condition register 200
is updated to the determined exposure parameter (a’, t’, g’), completing the
exposure control operation. By repeating the operations in FIGs. 6, 7, the
exposure condition is set to a proper exposure satisfying the above conditions (4),
(5).

[0054]

In omnidirectional photographing with the omnidirectional imaging

system 10, the same subject is captured in the overlapping area, therefore, the

brightness levels b of the two images should be the same value. In view of the
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occurrence of flares in one of the images as shown in FIGs. 4A, 4B, according to
the present embodiment the overall exposure level of the captured images
including the overlapping area and non-overlapping areas is evaluated to
determine the exposure parameter (a, t, g) for each of the imaging units. Thereby,
it is made possible to abate a discontinuity of the brightness at the connecting
positions of a synthetic image and generate high-quality synthetic images.

[0055]

Thus, according to the above embodiment, it is possible to provide an
imaging controller and imaging control method and program which can provide to
each of imaging units a proper imaging condition to abate a discontinuity at the
connecting points of the images captured by the imaging units in synthesizing the
images.

[0056]

The above embodiment has described an example where two images
captured with the lens systems having angle of view of over 180 degrees are
overlapped for synthesis. Alternatively, three or more images captured with
multiple imaging units can be overlapped for synthesis.

[0057]

Moreover, the above embodiment has described the imaging system 10 to
capture an omnidirectional still image as an example of the imaging controller.
The present invention should not be limited to such an example. Alternatively,
the imaging controller can be configured as an omnidirectional video imaging
system or unit, a portable data terminal such as a smart phone or tablet having an
omnidirectional still or video shooting function, or a digital still camera processor
or a controller to control a camera unit of an imaging system.

[0058]
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The functions of the omnidirectvional imaging system can be realized by a
computer-executable program written in legacy programming language such as
assembler, C, C++, C#, JAVA® or object-oriented programming lé.ngﬁage. Such
a program can be stored in a storage medium such as ROM, EEPROM, EPROM,
flash memory, flexible disc, CD-ROM, CD-RW, DVD-ROM, DVD-RAM,
DVD-RW, blue ray disc, SD card, or MO and distributed through an electric
communication line. Further, a part or all of the above functions can be
implemented on, for example, a programmable device (PD) as field programmable
gate array (FPGA) or implemented as application specific integrated circuit
(ASIC). To realize the functions on the PD, circuit configuration data as bit
stream data and data written in HDL (hardware description language), VHDL (very
high speed integrated circuits hardware description Ianguage), and Verilog-HDL
stored in a storage medium can be distributed.

[0059]

Although the present invention has been described in terms of exemplary
embodiments, it is not limited thereto. It should be appreciated that variations or
modifications may be made in the embodiments described by persons skilled in the
art without departing from the scope of the present invention as defined by the

following claims.
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Claims

1. An imaging controller comprising:

an index calculator to calculate an index value for each of dividéd areas of
images captured by a plurality of imaging units, the index value for evaluating a
photographic state of each of the divided areas;

an evaluation value calculator to evaluate the images and an overlapping
area between the images on the basis of the index value of each divided area
calculated by the index calculator and calculate an overall evaluation value; and

a condition determiner to determine an imaging condition for each of the
imaging units on the basis of the overall evaluation value calculated by the

evaluation value calculator.

2. | The imaging controller according to claim 1, wherein:

the imaging condition includes an exposure condition;

the index value of a certain divided area is a first brightness level to
evaluate a brightness of the certain divided area;

the overall evaluation value is a second brightness level for each of the
imaging units to evaluate a total brightness of the images by applying weighting to
the overlapping area; and

the condition determiner is configured to determine an imaging condition

for each of the imaging units on the basis of the second brightness level.

3. The imaging controller according to either claim 1 or 2, further
comprising

a setter to set, for each of the imaging units, a set of weighted values for
the divided areas according to a relation of brightness between the images

captured by the imaging units.
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4. The imaging controller according to any one of claims 1 to 3, further
comprising
a weighting setter to apply weighting to a certain divided area in

accordance with the index value calculated for the certain divided area.

5. The imaging controller according to claim 4, wherein
the weighting setter is configured to apply weighting to the divided areas
such that in a dark scene a divided area for which a larger index value is calculated

is given a larger weighting.

6. The imaging controller according to either claim 4 or 5, wherein
the weighting setter is configured to apply weighting to the divided areas
such that in a bright scene a divided area for which a smaller index value is

calculated is given a larger weighting.

7. The imaging controller according to any one of claims 4 to 6, wherein

the weighting setter is configured to apply weighting to the divided areas
such that a divided area for which the index value as an upper limit threshold or
more or a lower limit threshold or less is calculated is given a smaller weighting or

zero.
8. The imaging controller according to any one of claims 1 to 7, wherein
the imaging condition includes at least one of an aperture, an exposure

time and a gain.

9. An imaging control method comprising the steps of:
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calculating an index value for each of divided areas of images captured by
a plurarity of imaging units, the index value for evaluating a photographic state of
each of the divided areas;

evaluating the images and an overlapping area between the images on the
basis of the index value of each divided area calculated in the calculating step and
calculating an overall evaluation value; and

determining an imaging condition for each of the imaging units on the

basis of the overall evaluation value calculated in the evaluating step.

10. A non-transitory computer-readable storage medium storing a program for
causing a computer to execute the steps of the imaging control method according

to claim 9.
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FIG.5B
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DESCRIPTION
integrated system, method and  application for  the syzf&shmﬂiaaﬁ>
interactive  plav-back of multiple spherigal video content and
autonomous product for the interactive play-back of prerecorded events,

R A e e e

91

Th integrated system, method and application for the synchronized
interactive play-back of multiple spherical video content on a compuler or
through the intermnel, involves the synchronous recording of events i multiple
10 spherical videos from Jdifferent positions in the area whare the event takes
place, the inleractive play-back on the recorded event on a computer or
through  the demet by means of an inleractive application for the
synotwonized play-back of mulliple spherical videos, which offers (o the
viewsr, during the play-back and without interrupting or disrupding &, the
1§ capability o interaclively chooss whichever spherica! video they wish (o walch
from the availsble siternatives. This cholve of a diferent sphercal wideo
sorresponds {0 8 virtual shift of the viewer to s different physical viewing
position as sach spherical video corresponds to g diferant spherical camera
which had been pms&tssm{i on a pradetermined position in the area in which
20 the event took place. In addition to chouosing the position fram which tha event
is viewsd, the viewer, during the play-back of the svent and without
interrupting or disrupting #, can interactively alter the angle and direstion of
viawing as if they were turning their head {0 whichever dirgction they wished,
-as well as approach and move away from the poaint of interest Goom-in and
25 zoom-out).

The autonomaus product for the inleractive play-back of prerecorded svents
refers fo a product in the form of a DVD which operates autonomously in &
computsy and allows the interactive play-back of an event that has been

30 recorded and produced with the above integrated systam. B ulilizes an
interactive application for the synchronized play-back of multiple spherical
videos, in association with a graphical interface. The viewer, during the play
back and without interrupting or disrupting # is offered the capability fo
interactively choose whivhaver spherical video they wish {o wateh from the

3§ available alfernatives. This choice of a different spherical video corresponds o
a virtual shift of the viewer to a different physical viewing position as sach
spharical video corresponds o a different sphernical camers which had been
positioned on @ pradetenmiied posiion i the area in which the svent took
place. In addition {0 choosing the position from which the event is viewed, the

40 viewer, during the play-ack of the everd and withowt inferrupting or disrupling
i, can interactively alter the angle and divection of vigwing as if they were
turning thedr head to whichever dirsction they wished, as wall as approach and
move away from the point of interest (Toom-in and zoom-out}.

45  For the complete recording of an svant using conventional video technoiogies,
usually & number of video cameras are required. Those cameras are either
stationary, positionsd in prasslecied positions of perceived wreased interest
oF movabla. They can be moved and rotaled arcund the verlical and lateral
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horizontal axis either by treined personnel {(cameramen) or by mechanical
means, in order fo focus and approach selacted points of interest, in all
circumstances, the width of view that the video cameras can record s limited
despite the availabilty of & wide rangs of differant lenses, from exdrame

zooms in exireme wide angles,

Although ususily a great number of conwventional video cameras is used o
record an avent # is practically not feasible to record sverything that takes
place, Afler the recording of the svent, specific sections (scenes) considarad
to be the most interesting or characteristic from sach one of the individual
videos from sach camera are selected and edited o produce a linsar video
siquence which finally represents the recorded svent. The finished content
can be replicatad on a vardely of media iIn order to be distiibuted and
reproduced on specific players, transmitied or streamaed through the intarnst
ared viewed on & sultable scresnag. a TV,

Whan an event is transmitied live, the responsible svent-director, while the
event takes place walches all the available images correspongding to all the
avallable cameras on the event and chooses on the spot which image &8
fransmitted at any fime, usually the view from one camera at any given time.
This is the view that the viewer waltchas in & passive way on their TV soresn
or on their computsr soreen stragmed through the nlemet,

in both above scenanios, dug to both the Hmitation in the angle of view that
conventional video camaras transmit or record, as well as the manner iy which
the subject {0 be transmitiad or edited at any time s chosen, many aspects of
the evant are lost, sven though viewers might wish o view them. As an
sxample, #f it is assumed that the event recorded or fransmified 8 a concary,
the ditector has to selact what o show at any time, from all the different
activities taking place at the sams time, excluding the rest. As a result, for as
fong as the director chouses 0 focus on the singsr of the group, & viswsr that
rrvight have liked wish to walch the guilarist or drummese has no option to do
&0,

Further still, as it often hoppens espedially in sports, when somaething of
special interest happens, if none of the avallable cameras is Tooused on the
spacific location, the incident s not recorded at alll In car racing, where
tances of interest are unpradiclable, often such widents are missed. In
conclugion, in the viewing of conventional video content either live or
pravacorded, the viewsr i pressoted with g predetermined ssquence of
images which they can only view passively withowt any capabilily to influence
the play-back, The view point s predalemmined by the positioning of the
cameras and the contert and sublect presentad at any time s preselecied by
the director or the editor,

With the Integratad system, the method and application for the synchronized
interactive play-back of multiple spherical videos ont a computar or through the
internet and the autonomous product for the interaclive play-back of
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preracorded events In the form of a DVD, svery activity and Individual
happsning which take place during an event are recorded in very high
resplution digital video format by means of two or more digita! spherical video
recording devices covering a angle of view of 380%360° (spharical cameras).
These devices record digitally on a single image a full sphere sumounding
thelr position. Each such device produces & different spherical reprassentation
of the event Spherical video consists of 3 seguence of single spherical
images {frames) each caplring an angle of view of 380%3680° (Figurs 1),
Therefore, each frame of the spherical video consiitutes a pancoramic image
which represenis A80° on the horizontal and 380° on the vertical axis.
Depending on the physical dimensions of the area where an event lakes
place, # is possible thal two or more spherical cameras are used, positioned
an pre-detsrmined and preselectad positions aiming o cover avery aspsct of
the event area and a3 a resull, capture fotally svery happeaning, activity and
mstance that takes place during the event With two or more gpherical
cameras {{ypically four), placed in strategically chosen positions of the svent
areg, 100% of the activitizs happening on any point of the event area at any
time dwring the svent are recorded. Al the same Hme, the sound from the
evernt is recordad in digital format. The sphencal videos from avery spherical
camera and the corresponding sound are plavad-back synchronized with full
inleractive user control on g oomputer or through the internet and are
projecitad in a normatlized projection with a rate of 25 or 30 frames per second
{depaending on the local video system standard, PAL or NTSC) on a8 computey
soresn,

The viewsr has the capabilily and fresdom, 3t any point in time during the
plav-back, with oul interrupting or disrupting the play-back, with full control
using hisfher mouse or any other pointingfnavigation device, to gty
inferactively the position from which the eavent is viewed, by choosing which
sphercal video hafshe wishes o walch at any given time, selecting simong the
several spherical videos available, sach one corresponding to any of the
several diffsrent spharical cameras, which had bean placed on pressiscted
positions i the area where the svent fook place. In this way, the viswsr
selects to virlually move bebtweesn the places whare the cameras were
pasitioned and walch the event from these points. Al the same Hime, the
viewer has totad freedom to choose the direction and width {(angle) of viswing
from the available Ul angle of view of 380%38B0° and also total fresdom to
rotate {turn around) his/her viewing window, approach {zoom-in} and rafreat
{zoom-out), while maintaining full interactive control of the spherical video
play-back. lrraspective of the interactive alleralions in viewing position, angle,
direction or virtual distance, the corresponding sound ramains synohronized
with the projecied images.

Comparing the iInlegrated system, the method and spplcation for the
synchronized interactive play-back of mulliple spherical vidsos of 380%:380°
angle of view on a computer or through the internet and the autonomous
product for the inferactive playv-back of prerecorded events in the form of a
DVD o conventional  svent  recording,  transmission  and  plav-back
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technologiss, in the former the viewsr has at hig/hear disposal locally or
through the Intemel, multiple sltemative full spherical video segquences from
an gvent, each one of which repressants a full surrounding sphere and as a
result evary action, instance or happening I all the area where the event
takes place s caplursd or fransmitied during the full duration of the svent,
sach sequence conesponding to one of the several spherival cameras that
had been usad o caplurg the event. In confrast, in & conventional event
recording, transmission of the same event, the viewsr would have at his
disposal only the linsar segquence of individual and by necessily partial
scenes-nsiances which the event director would have chosan to include in the
final presentation of the svent.

During the synchronized plav-back of an evaent and without interrupting or
disrupting this play-back, the viewser has the ability, whenever hefshe chooses,
{0 inferactively select any ane among the available spherical videos, sach ong
of which has capturad the full event durgtion and walch the svent from the
position corresponding o the particular place where the particular spherical
camera had been positionad.  Hefshe may walch the event from the selected
point for as long ss hefshe wishes, having the capability fo fotus histher
attention t¢ any particidar point or subject in space, by interactively altering
hisfher direction of visw ook around), by turming left or rif;hi up oF doswn, i 8
range of 380° in aff directions ,ﬁmt?‘z v~ angd 3 axes) using the nferactive
rotation controls, a;,{:m:aac‘z or retreat using the mieractive zoome-in and zoom
sut controls {moving slong the »-axis). In this way, hefshe alters interactively
the divection and angle of view of the viewing window. In conlrast, In a
conventional play-back of video material, the viewer would have had no
choive with regards to the imags presented to him, apart fom moving forward
or backward i Hmes by mesns of controls such as rewind, fast forward,
pravious and naxt, Even in the restricled cases that the viewsr g offersd
control of siternalive angles {a.g. multhangls DVDs) hefshe still has no choice
on the actual camers movemants which diciste the viewing direction and
angle of view as all these would have been fixed duning the recording of the
evant

With the method and the application for the synohronized inferactive play-back
of multiple spherical video content of 3603807 angls of view on a compuder
ar through the intemet and the autonomous product for the inferactive play-
back of prargcorded evants iy the form of a DVD, the viewsr has full fresdom
o repeat the play-back of an svent while dmmmg o owatch # from =

complstely different view point (choosing o sphevical video fmm a different
spherical camera} but also from a different viewing angle as helshe has tha
freadom o control interactively the direction and angle of view pressnted to
himvher. In this way, the viewst in svery repetition of the playv-back of the
avart has the aption 1o focus on a different point of interest of the same svent.
in contrast, in a conventional video play-back, the viewsr, no matisr how many
tmes watched the video, hafshe would have walched the same malerial as
the content is fixed and offers no capabiiity of iInteractive viewpsint contral. All
camars movements, no matter how slashorate, would have ?\&an fixed and the
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image content and foous would also have been predaterminad with no option
fo aller. If a particular action or happening was not within the viewing range of
ong of the available conventional cameras, then # would have not besn
recordad and thers would have besn no way to recreate it

During the syrchronizsd play-back of an event and withouwl inferrupting o
disrupling this play-back, the viewer has the abilty, whenever hedshea chopges,
fo interactively select a different spherical video 1o be projectad to himber, In
this way hefshe s moving hisshee position in space and s ransferred virtustly
to the place whers the chosen spharical camera was positioned during the
avarnd, while the ime-continuity of the play-back is not disrupted. iIn contrast in
a conventional video play-back, the viewsr would have no ability to alter
Hisfher position as this would have been fixed by the event direcior who
dacides which image from which camerz s included in the final linear
sequence that is presented o the viewer,

Therefore, with the integrated system, the method and the application for the
synchronized interactive play-back of multiple spherical videos of 380°380°
angle of view on & computer or trough the infems! and the aulonomous
product for the interactive play-back of prerscorded events in the form of a
VD the viewer has total freedom o choose what hefshe will walch, from
which point in space and towards which direstion to focus his/her altention as
hefshe has tolal freedom to choose, intersclively, al any time, o move 10 &
different posifion iy space by selecting s different spherical video}, o tum
hisfher viewpoint around &t any dirsction, o approach or retreal, while
maintaining control of the temporal play-back. The experiance offered 1o the
viewer by watching an event using an application based on the method and
for the synchronized interactive plav-back of multiple spherioat video content
of B0 RE80° angle of visw on-a computer or through the indemet o by using
the avtonomous product for the interactive play-back of prerecorded svents in
the form of 2 DVD, spproximates the exparience of him/har belng actually in
the area where the avent took place and being free {0 move around at ths
same e wrning histher view 1o foous on points of interast at will, The viewer
i not anymore a passive viewer of an svent but interacts with and controls the
reenaction of the evant through the use of an interactive application. The
viawar 3 no more depsndent on the choices made by somebody slse (the
director)  regarding what o watch and what not 1o walch, as in conventional
video play-back bul instead, hefshe assumes aclively the role of the direstor.

The integrated system for the synchronized interactive play-back of mulliple
spherical videos on a computer or through the internet Is based on the method
that utiiizes multiple digital vider sensors arrangsd 0 & predefined pattern for
the caplure of individual conventional videos that are then combined {stitched)}
together o produce a spherical viden., Such a device s the LadyBug 2
spherical cameara from Point Grey Rescarch Ine. (Figure 2). Each spherical
camera integrates six digial video sensors {the LadyBug £ ntegratas six Bony
ICK204A0 1737 1024788 prograssive scan CUDs). Each individual sensor
captures images with a resclufion of 1024 x 788 pixels at a rate of up to 30
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frames per second {fos), with sensifivity (gain) between OdB and 25dB and
with shuller spesds between 0.008ms and 3dms, Five sensors arg amangsd
around 3 horizontal circular paltern in & porfrait orientation, Iy this
canfiguration each sensar covers an angle of view wider that 72°% in the
horizontal axis and pr&dum& images of 1024 pixels vertical by 768 pixels
horizontal resolution. The five sensors togethsr g\mduce & compuosite image
with a8 horizontsl resolution of 3840 pixels (7868 pixels « §nages) Due o the
arrangement of the five sensors, parts of the neighbourning images, along the
vartical edges are common and therefore some overlap i allowed which
resufts in bsitar stitchad video images. Stitching together the five individust
videw images from the five radial sensors, allowing for the necessary overlap,
rasuits In composite video images with an angls of view of 260° on the
horizontal axis and horizontal resclution of 3500 pixels. The sixth sensor is
positioned to aim vertically and produces the top portion (doms) of the
sphernical imagse. The boltom part of the mage does not prasent imagery of
any interast as it would record the suppot of the camera and therelore is not
captursd. The stitched video images at a rate up 1o 30 fps arg sent from the
spherical video camera via aptical fiber with a transmission spesd of 1.2Ghps
o a compressor unit where they ars compressed i real ime in the JPEG
standard with variabls compression rale and the s@mgmswd asprhencal
images are transmitied via a FireWirs 13840 connection with a fransmission
speed of R00Mbps, {o 8 computer where they are either stored iy a native
RAW format or comnverted o digital video format, stored and fransmifled.
When spherical video s caplured for PAL couniries, 35fps are captured while
for NTSC the rate is set to 30bs. The indiidual spherical RAW images are
combinad into S-second long AV video sequences with an image aspect of
1 and 3500 x 1750 pixels horizontal to verlical resoltion. Thess images
represant the full surrounding sphere on an orthogonal projection. In paralial
to the capture of the sphedical video magss, he sound of the everd is
recorded using digital recording lechnologies in etther two or more discreste
channels and slored in WAV format The sound s synchronized with the
imagss and is combinad with the images o produce spherical videos with
ambeadded audio which s slored o Quicktime format encoded with the
Soranson 3 algorithm, The audio b also storad separately in MP3 format at
128 kbps, 44,1 Hz stareo.

in order o use the spherical video sequencas in the method for synchronized
interactive play-back of multiple spherical videos they are convarted into FLY
format and their resolution 18 reduced o 1024x512 Pixels with gqually setling
at 1000 Kbhps with o key frame overy 30 {or 38} frames. The rosulling spherical
vitleos {ons from each spherical camerg) in order o be played back have o
be stored on & computer o 8 removable madium (YD) or be made available

for sfreaming through the infernet. These sphencal videos are playad-back in
ss nonmalized projection, 1 a shnilar way as conventional videoas projecting
part of the sphars In a8 viewing window and offeri ing the viewsr inleractive of
which part of the sphers {0 view at any point in time. The application for the
synohronized interaciive play-back of muliiple spherical videos offars the
viewsr the capsahiity © sslacgt interactively which spherics! video hefgshe
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wishes o be projecied, {o select altermative sphearical videos while play-back is
taking place while alt the tme durng play-back the sound remains
synchronized to the projsctad spherical video images.

The application for synchronized interactive play-back of mullipls spharical
videos, presents fo the viewsr a navigationaloontrol imterface (Figure 8}, with
a window in which the selected spherical video is played-back in a8 normalized
projection, in a similar fashion as g convertional video at & frame rale of 30 or
25 frames per second, depending on terrifonal video standard (PAL or NTSC)
By positioning histher pointing device {e.g. computer mouse) within this
projection window, the viewer may control inleractively what is projecied.
Hefshe may turn around, alfering the dirsction of viewing towards any point in
any direction in a 380 degree range. MHefshe may alter the angle of viewing
using zoom-in and zoom-out contrals, This is similar to having the capability to
move 8 virtual camera arcund its position within a 30 real space. Adjacent to
the actual spherical video projsction window the application interface presants
the viewer with a graphical repragentation of the actusl areg where the event
ok place. This graphics! representation of the actual scene of the avent may
he from very simple to very elaborate, withoul affecting the operstion and
parfonmancs of the application. On this scene graphical representation the
positions of the sphevical cameras which wers usad {0 record the svent are
shown, By dlicking on any of these camerag, the viewer selects it and play-
back in the main projection window continuss synchronized {o the sound but
now displaying the spherical video porresponding to the seleclted camers
Video play-back always remains synchronized fo the sound and play-back
folfowing change of cameras condinues from the oorrect point in tme. Whan a
camera s selected, this s indicated alse on the scene graphicsl
reprasentation by means of a colowr changs and by displaying an additonal
radarlike graphic that depicts the direction and angle of viewing of the
selected camera, This graphic s inleractively changing with every changs
affacted by the viewer. When the diraclion is changsd, the radar cong moves
1o show the new direction. When the angle of viewing changes, the radar cone
hecomes wider or narrower, depending on the alteration effected. Maraover,
the viewer, using hisfhar pointing deviss on this representalion may
interactively and directly alter the direction of viewing by dragging this graphic
towards the desired point on the scene graphical representation. The image
projected in the mailn projection window follows every change in real ime
without any disruption or interruption in the play-back. In this way, the
graphical reprasenistion offers an additional and very useful and viewer
friendly navigational and control fool. The zpplication has the capability {o
highlight the positions of the spherical cameras alse on the projection window,
superimposing graphical slements on the actual projecled spherioat vidso that
s played back. Therefore, as the viewer rolates histher view, when the
position of another spherical camera comes within histher viewpord, a graphic
glemeant will make this apparent o the viewsr by highlighting #s relative
position. This graphic element will also offer 8 control link fo the viewsr who
may, by clicking on this graphic, move hisfher position to the point where the
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sarresponding sedected camera was placed, sltering the projecied spherival
video accordingly,

As & resull, the viewer, from within the application for syneohronized interactive
play-back of multiple spherncal videos, may continuously alter hig/her viewing
position, direction and angle of view, i a direot and inleractive fashion not
offered by any cther schnology currently in use for the play-back of recorded
ayvents.

The spplication for synchronized inleractive play-back of mulliple spherical
videos, undsriakes and controls the play-back of spherical vidso on 8
computer by feading the projection systemn with the corresponding sphericast
vidao mages. As spherical vidsos have a much higher resolution compared (o
sonventions! video contant, the play-back system poses oreasad foad o the
computer compared to conventional video play-back applications,  Yet,
spherical videos of reduced resohsdion {e.g. {10234x812 pixals} can be played
back on medium-powered computers of current technology. As computer
fechnology will undoubtedly continue advanding, the method and application
for synohronized interactive play-back of multiple spherical videos I not
depeadent on nor restricied by the resolution of the spherical videos nvalved.

The application based on the mathod for synchronized interactive play-back of
multipls spherical videps ulilizes the Adobe FLASH hbraries o implemeant the
play-back of spherical videos jocally on 2 somputar or through the infemst
using Adobe Flash Media Server or similar, The application for synchronized
inferactive play-back of multipls spherical videos receives as input all the
available spherical videos In FLY format as produced by the availlable
spherical camearas on an event and digital audio in MP3 format. The spherioal
videos may be stored locally on the computer, in a removable magnelc or
optical madium (Hard Disk or DVD)} or In 8 Web Server which makes them
avallable for viewing through Adobe Flash Media Server. The application for
synchronized inleractive plav-back of multiple spherical vidaeos implemeants the
necassary graphics engine using the Sandy3D “open souwrce” 30D graphics
lorary for Flash objsots in sssociafion o the Flagh video play-back libraries of
Adobe Flash., The encoding of the complete application for synchronized
interactive play-back of multiple sphedcal videos is based on the ActionScript
3.0 programming language through Adabe Flash, These fechnologiss enable
the application for synchronized inleractive play-back of multiple spherical
videos to be exacuted looally or by means of 8 removable medium (HD or
VD o, embedded in the web pages of a web site, on any compider that
sonnacts o this site.

The graphics enging generates a spheve and projects, in real time, at 30 ar 28
fps, on ity internal surface, as exiwe the spherical image that is supplies by
the video play-Dack system. This is implementad with the "sphere © new
Sphere{sphere’, radius, segmenisW, segmentsHY™ command of the "primitive”
fbrary of the Sandy 3D graphics engine. This command generates a sphere
with & given radius and polygonal count (Figure 3} which constitule the sphers
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geomelry {ssgmenis). The sphere radius is estimated based on the width of
the avsilable spherical video image. The pobagonal cound of the sphere
geomalry s usually set 1o 30, The bigger this number, the belter the quality of
the projected image but at the same Hme the genemtion of the sphere will
bhecome slowar and this will inevilably Isad o delays in the projection,
therefore, the value chosen constitutes an sccepiable compromise for the
ghven paramesters of compuler power, and spherical imags resolution. Using
the “maferfal = new VidsoMatersivideo, UpdateMS) command of ths
“materials” ibrary of the Sandy 30 graphios énging, the spherical video {0 be
projectad s assigned as matedal (VideoMalernal) for the sphere and with the
‘app = new Appsarancsf{msferiall” and the “sphere appsarance = app’
sommands of the "matenaly” library of the Sandy 20 graphics enging, the
spherical image is assigned as texturs for the sphere,

Next, the Sandy 3D graphics sngine cregtes g virlual camsra using the
sommand "camera = pew Cameradlwidth, heighl, fovl”, where “width” and
“height' ars the relathve dimensions of the projection window and "oy is the
fiold of view {angle of view) of the virtual camera in degrees. The virtual
camera is positioned in the cenire of the sphere (Figure 3}, using the
command ‘camera.y = cameray = camera.z = of the Sandy 3D graphics
enging {values of zero are assigned lo all the virtual camera co-ordinates
{(x.¥.2}).

The mage projectad on the projection window becomes thereafler the image
as viewed by the camera based on the above settings, all of which may be
altered interactively by the viewsr during play-back of the spherical video, The
viewer as a resull s given the view of the selected virtual camera and &8
therefore virtlually placed on the same position as the position from which the
virtual camera looks towards the spherncal image. The viewer may rolats the
virtual camera interactively {0 point to any dirgction inside the sphere, using
hisfher pointing device and in so doing hisfher fisld of view is altered o refisct
the movameant of the vidual camera.

The co-ardinate system used by the Sandy 30 graphios engine assigns x
the axis going through the camera lens, ¥ 1o the axis vertical with respect o
the camera snd z to the kferal axiy, sideways from the camera. This
distinction is necessary becauss there is g discrepancy between the projsction
window and the camera/sphere co-ordinate system (Figure 43 As a result, the
x-axis of the projection window comesponds to the zaxis of the
camera/sphere co-ordinate system, whils the y-axis in both systems refers to
the vartical axis. As the projection window is two dimensions!, thersis na nesd
fo refersnce the third axis which s the x-axis on the cameral/sphere oo~
ordinate system and refers to forwarddbackward movament of the camers,
Such movements are not allowed in the current application.

The viewer walches always the spherical vides i a nomalized projection,
which in affect 15 the projection of the part of the spherical swiface that
corresponds o the vitua! camera fleld of view, on a rectangle with the
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dirnensions given above. The viewer may interactively stop or fast forward the
play-back of the spherical video, rewind or sven siant play-back from the
baginning using the ocontrols available on the navigational inlerfsce. These
gontrols executs the coresponding Flash commands. The PLAY control
5  executes the Flash “play) command, and commences play-back of
whichever spherical video s currently sslacied. The PAUSE control exscutas
the Flash "paused)” commamnd, which pauses play-back of whichever sphatical
vidao is currently selected at the point in ime whare the oontrol was pressed.
The STOR control exscutes the Flash "sfond)® command, which slops play-
10 back of whichever spherical video is u,srrem*y selectad, There is also a SEEK
BAR conirol which exenudes the Flash “seek{]” command, which moves
whichever spherical video is currently ssiscted forward and or backward in
Hime, in relation o where the pointing device is placed. The controlinavigation
interface of the application for synchronized interactive play-back of multiple
spherical videuos is shown inFigure 7.

- %
)

At the same time, the graphics engine allows the viewsr o move hisfher view

towards any ditection, up, down, left or rght and o widsen or narrow hig/her

angle of view. Thess movemeants are implementad by the co-ordination of two
20 distingt and independent movementsfrofations, ong of the virual camera, the
other of the sphere itself. Which rotation s activated depends on the
movements of the pointing devics by the viewsr. Left clicking the pointing
device inside the projection window arga stores the nitial values of the x- and
y- axes co-ordinates of the pointing device, using the “mouseFosilionx =
stagemouseX” and "mousePosition.y = stagemouseY” commands of the
Flash library. As the pointing device moves on 8 2 dimensional plane {he
viewing window on the computer soreen, there is no movemsant on the £ axis
Every subseguent movement of the pointing device by the viewer, while the
left olick i maintained (dick and drag), resulls in continuous caloulation of the
30 diferences from the intial co-ordinate values, with the “{fmousePosiion.y -
stage.mouseY! and “{mouseFosifiony -~ slagemouseX]” commands where
moussPasifion ¥ and mouseRosilion.y are the nitial co-wrdinale values while
stage.mouseX and stage moussY wre the final {current) co-ordinate values.
The resulting differences lead 1o the corresponding rotation of eithey the vidual
camara or the sphere. The sphere andior the virual camera are rotatad by
means of the "rofale” command of the Flash fibrary, depending on the kind of
movement of tha pointing device by the viewer, I the pointing device is moved
upwarnds or downwards, along the yv-axis of the projection window co-
ordinates, then the projection system rotates the virlual camera accordingly
40 around the Xeaxis of the sphere 3D space co-ardingles, with the

“camerarofaled” command {Figurs 8 I the pointing device i3 moved o the

left or right, along the x-axis of the g:am‘actmn window co-grdinates, then the

projection systemn rofates the sphere accordingly around the Yeaxis of the

sphere 30 space co-ordinates, with the “sphere rofafe Y command (Figure 8}

4%
1]

L2
L5

When the viewer activates the ZOOMAIN or ZOOM-OUT controls, siming
widen or narrow histher angle of view, the projection system alters the flokt of
view of the virtual camera with the “camera.fov’ command of the | seanegraph”
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ibrary of the Sandy 30 graphics engine. Activating the “namerafove+”
command, the angle of visw bacomes wider and the viewer appears o move
away from the point of inlerest while activating the "camaerafov--" command,
the angle of view becomes namower and tha viswer gppsars o move cloger
the point of interast.

The graphical representation of the area where the event took place, {scens
graphical representation), incorporating the positions of the available sphberical
sameras with the associated links v the comssponding spharical videos, and
the radar-like graphical representation of the angle of view and direction of the
selected camera, is initially designed using a graphics package such as
Adabe Photoshop., The intsractive controle are gensrsted in Flash and ars
connected to the corresponding spherical video Biles. Tharefors, whenever the
viewer sslects a different camera by clicking on His image on the scene
graphical representation, the corresponding spherical video 8 assigned as
texture for the inside surface of the sphere and the portion of i that
corresponds to the salecied direction and angle of view of the virlual camera
is projected on the projection window. A the sams time, the selected camersa
image on the scene graphical representation is highlighted and the radar-tike
display depicts the dirsction and angle of viewing. Every pixel on the scene
graphical representation diagram constitutes an inleractive point and therafore
the relative position of the pointing device whenaver this is positioned within
the scana graphical representation diagram swreen arsa s recorded with the
“‘BouseEvent MQUSE UP command of the Flash “event” library, its colour is
alitered o indicate that i is an scthes point, if the viewsr clicks over the position
of a camera other than the currently selected, this action is recognized in regl
time with the "MoussEverd MOUSE_DOWN' command of the Flash “event’
Hibrary, and the projection sysiem, ceases the projection of the spherical videg
that was being playsd back until this moment and siaris projecting on the
projection window, the spherical video oorresponding to the selectad camaerg,
frem the current position in tims, thereby mainiaining temporal continuity and
synchronization with the sound. These actions are implementad using the
“ne.stopll” and “ns.playivides) commands and at the same time ivokes the
corvnand “frandar visible = fresd” to maks the radar graphic visible and active
for the newly selscled camers on the scane graphical represantation window.
This radar graphic follows and recognizes any movamant of the pointing
davice within the sphevical video projection window and is rolsted around the
corrasponding camara image o reflent any changes in the direction and
viewing angle. In addition 1o moving the poainting devics within the projection
window area, the viewer can alter the viewing direction by dlick and dragging
the pointing device inside the scene graphical represantation window to
indicate the dirsction towards which hefshe wishes the camara to be turned o,
Such movemeants interactively result in rolations of either the sphere or the
virtual camera or both at the same time, in real fime and are based on the
catoulation in real time of the Xy co-ordinales of the positivn of the pointing
device and the differences belwesn initial and final values, s way similar {0
the approach describad above. Whan the viewer moves the pointing device
within tha sphenoal video projection window, not only the view is altered
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accordingly o hisfhar movemants but the radar graphic in the scane graphiost

representation window rotgtes accordingly to reflect these changes. When the

viewer moves the pointing devics within the scene graphical representation

window, the radar graphic follows hisfher movements while at the same time,
5 the projected visw in the spherical video projection window is altered by

directing the sphere or the virtual camera or both at the same ime, 1o wials in

real ims, according to these movamaeants. :

With this sagabiiii‘g, the viewer, during play-back and without interrupting or

10 disrupting it can interactively choose among differsnt cameras, alter viewing
dirgetion and angle of viewing. The viewer using the spplication based on the
mathod for sy ru;hmm:eﬁ interactive play-back of multiple spherical vidsos or
the autonomous proaduct for the inleractive play-back of one or more
preecorded events in a computer, acts mom ke a director and not ax a

1§  passive viewer, having the freedom 1o control svery aspect of hisfher viewing
SXRETISN0S.

Using Flash commands, the application based wn the methad for
synchronized interactive play-back of multiple spherical videos controls play-
20 back of several spherical videos and synchronized audio st the same time
initially the application commaences play-back of the first assigned sphericat
video with the command ® ‘p;‘&y{wﬁea 117 synchronizad with the corresponding
sound which is plaved back using the command “(sound plav(}l’. When the
viewer chooses o mevs to another camera posifion, the point In running time
25 based on the sound play-back is recorded in fractiong of a second using the
“Hme = channel posifion” Flash command, where channel is the comrasponding
audio chamnegl, Play-back of the spherical video correspondding o the newiy
selentad  camera commences from  this point In time using the
‘iz seekfimed1 300} command where 75 is the NetStream o which the video
30 i connecied. The key to the method for establishing and maintaining
synohronization in the play-back of mulliple spherical videos and the
corasponding sound is to commaence play-back of the new spherical video not
from the point in time where the previous spherical video was paused but from
the point in me which the sound has reached when play-back of the nowly
35 selected spherical video is ready ¢ commence. The performance of the
appliication based on the msthod for synchronized interactive play-back of
muitiple spherical videos depends on the capabiiities of the computer which
runs the appitwtmn the characternistics and pearformancs of the graphics card,
the amount of avallable memory and several other factors which influsnee the
40 play-back of the spherical videos and sound and 1o varying levels introduce
t‘i&iaya in the plav-back process which would insvitably lead to synchronization
logs, For this reason, the applicstion in predetermined ime intervals e
synohronizes the spherical vidso projected af thase parlicular times with the
sound by umping to the spherical video frame corresponding o the sound.
45

The autonomaous product for the interactive play-back of prerecorded svants
offers to the viewsr the ahility to repeatediy play-back an svenl prodused
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using the methad for synchronized interachive plgyv-back of mulliple spheriosdl
videos, on any suitable computer without the nesd to be comentad o the
internet. Bach product is produced for ong or more specific events and inchude
all the spherical videos and the dightal audic corrésponding to the particular
event{s), the application for synohronized interactive play-hack of multiple
spherical videos and a graphical interface for navigation and caontrol of the
application, designed espenially for the particular event(s).

iy

The viewer through this interface interactively contrals the play-back of the
18 avent which is projected on higsher computer soresn, The viewer walcheas the
play-back while at the same tims helshe is given a graphical overview of the
gvent ares, by means of the scene graphical representations deswribad
above. During the play-back and withoul interrupting or disrupting #, the
viewer has the capability o inferactively choose whichewver sgherical video
15 they wish o watch from the availlable silematives. This choice of a different
spherical video corresponds to a virlual shift of the viewer {0 a different
physical viewing position as each spherical video corresponds o a differant
spherics! camera which had been positioned on @ predstermined position in
the area in which the event took place. In addition to choosing the position
20 from which the event i viewed, the viewer, during the playv-back of the svent
and withaut inferrupling or disrupting i can interactively aller the angle and
diraction of viewing as it they were tuming thelr head o whichever direction
they wished, as well ayx approach and move away from the point of interast
{zoom-in and zoom-oul). The viewer using the aulonomous praduct for the
25  interactive play-back of ong or more pravecordad avenis it 8 computer, acls
more like a director and not as 3 passive viewer, having the fresdom {0 contral
gvery aspect of hisshar viewing expeariance,

30 An exampls of the use of the infegrated system, method and application for
the synchronized ineractive play-back of mullipks spherical video content of
3B0°x380° angle of view and the autonomous product for the interactive play-
back of pravecorded events, is the recording and reproduction of a concert.

35 For the complete caplure of such an event, severa! spherical camerns,
typically four, are placed in cargfully chosen positions ton and around the
concert stags. These cameras recard full spheves around them, thereby
capturing 100% of the event. In parallel, a digital swdio recording system is
used fo record the sound of the event in uncompressed high gualily WAV

40 format. The spharical video sequences are storsd In large capacity and high
raliability hard disks in the native RAW sphavical video farmat. Ater the evant
& over, the spharical videos are converiad 1o AV format, whils the audio &
converted to MP3 format. The AVl files are converted {o FLY format and thet
resolution reduced {o 1034 x 512 pixals. The FLV flles are upladad to & WEB

45 server where Flash Media Server is installed. The viewer connects o the web
site whare the event is uploaded and is presented with the application for the
synchronized interactive play-back of multiple spherical video sontent, using
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which hefshe may walch the event play-back with full inferactive control as
descrived earker, from within hig/her wab browser application,

During the evant play-back, the viewer has total fresdom o decids on which
aspect of the concert hefshe wishes o focus on. Hefshe may move histher
view point continuously in order o follow one particular performer, or even
chaose fo assess the reactions of the crowd. Hefshs may foous on one
rusician i order {o study and analyze hisfher technigue for as lonyg as hefshe
wishes, Morsover, the viewer may chooss o watch the event from different
positions by virtually moving to differert places in the area.  While he/she
applies such control, play-back ramains continuaus and synchronized {o the
sound and the flow of achivily is not disrupted nor inferrupted in any sense.
The viewer is no longer passive bt interacts with the play-back through an
iferactive application that gives the impression that the viewet's experience
of the svent is not restricted by the dedisions of others. if the viewer decides to
repeat the play-back of any part or sven the full event, hefshe may choose fo
watch i in & completely different way every tims.

i the svent i3 1o be published as an aulonomous product for interactive play-
hack of the coneert in DVD format, the corresponding control and navigational
interface is designed o sult the particular svent. The scene graphical
reprasentation s sibo designed fo reflect the scent of the svent and the full
applivation s encoded in HYML {o create a fully inlegrated interactive
application. The application for the synchronized interactive play-back of
multiple spherical video content and all the comrrgsponding spherical video and
digital audio files are slso included and a Master of the DVD s produced
which then may be reproduced {replicated} in whalsver guantity i1s desirad by
standard industrial processes. The msulling product could be distributed on s
own o in combination with other products {(e.g combined with & CO or
sonventional DVD of the event). The owner of the product may play # on any
computer with full interactive control and freedom as desoribed above.
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1. Integrated system for the recording and interactive play-back of events by
means of spherical video in which evants are recorded with digital sphetical
video recording devices capable of capturing an angle of view of 380%380°,
the corasponding sound of the svent is recorded and synchronized with the
spherical videos and the unified sequences of digital spherical videos and
sound are played-back under inleractive user control on a computer or
through the internet and are projected In 8 normalized projection at a rate of
25 or A0 frames per second on a ocompuler soreen, characterized by the
synchronized and interactive play-back of multiple spherical videos and the
corrasponding sound, and the ability to offer to the viewer the capability, at
any point in fime during the play-back, without interrupting or disrupling the
play-back, with full control using bhissher mouse or any  other
painting/navigation device, to aliter interactively the position from which the
evert is viewed by choosing which spherical video hefshe wishes {o walch at
any given time, selecting among the several available sphencal videos, sach
ane corresponding to any of the ssveral different spherical cameras which had
been placed on preselecied positions in the area wherg the svant ook place,
choosing in this way (o virtually move o the visw-poinis where the spherical
camearas had been placed and walch the svant from these goints, while at the
same ime he/she mainiains olal freedom to chouse the direction and angle of
viswing from the available full 380%CG8E" angle of view and iotal frsedom o
rotate {lum amund} hisfher viewing window, approach Foom-in} and retraat
{zoom-oul), while also maintaining full inferactive control of the spherical video
play-back. lrrespective of the inleractive alterations iy viewing position, angle,
direction or virtual distance, the corresponding sound remaing 53;;3{.:%‘@{@3:?9&
with the projscted nages.

2. Mathod for synchronized interactive play-back on a computer or through the
internet of multiple spherical videos and the corresponding sound which are
projected in & normmalized projection at 8 rate of 28 or 30 frames per secand
on @ computer soresn characterized by the synchronized and inferactive play-
back of multiple spherical videos and the corresponding sound, affers o the
viewar the capsbiity, al any point in me during the gé@y»bmk without
interrupting or digrupting the play-back, with full control using his/her mouse or
any othar pointing/navigation davice, o alter interactively the position from
which the svent is viewed by choosing which spherical video hefshe wishes o
watoh at any ghven lime, selecting among the several available spherical
videos, sach one corresponding to any of the several different spherical
caimeras which had besn placed on preselected positions in the area where
the event fook place, choosing in this way to virtually move {o the view-points
whera the spherical cameras had been placed and watch the evant from these
points, while st the same tme hefshe maintaing lotal freedom to choose the
direction and angle of viewing from the available full 380%B0° angle of view
and total freedom to rolate fumn arcund) hissher viewing window, approach
{zoom-in} and retreat (zoom-oul), while alse maintaining full interactive contral
of the spherical video play-back. Irespsclive of the interactive allerations in
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viewing position, angle, direction or virtual distance, the corresponding sound
ramains synchronized with the projecstsd images.

A, Application for synchronized interactive play-back on a computer or through
the internet of multiple spherical videos and the corresponding sound which
are stored locally on the play-back compudsr or arg made avaidabls for
streaming through the intermet or are stored in an autonomous aptical madium
{OVD), are projecied i a8 normalized projection at a rate of 25 or 30 frames
per senand on g compuler soreen, characterized by the synchronized and
interactive play-back of muiltiple &;}h&éﬂbai videos and the corresponding
sound, offers to the viewer the capability, at any point in time during the play-
hack, without inferrupling o distupting the play-back, with full control using
higfher mouse or any other pointing/navigation device, o alter interactively the
position from which the svent is viewed by choosing which spherical video
hafshe wishes 1o watch at any given time, selecling among the several
avatlable sphercal videos, sach one coresponding fo any of the several
differant spherical cameras which had been placed on presslected positions in
the ares where the evant took place, choosing in this way {o virtually move 1o
the view-points where the spherical cameras had been placed and walch the
gvent from thess points, whils at the samg time hefshe maintains tolal
fresdom to choose the direction and angle of viewing from the avallable full
3BDABET angle of view and tolsl freedom o rotate (urn avound) histher
viewing window, approach (zoom-in) and relreat {zoom-out), while alko
maintaining  full derschive condrol of the spherical video  play-back
rrespactive of the interactive alteralions in viewing posilion, angle, direction or
virtugd distance, the corespording sound remaing synchronized with the
projected mages.

4, Autonomous product for the inleractive play-back of ons or mors
prerecorded gvants it 8 compuder, which is available i the fom of ane or
more optical media (DVD), operates ooslly in the computer of the viewer,
offers control and navigational interfaces which anable the viewer o chooss
fremly which part of the svent or events wishes o watch i a normalized
projection al a rate of 25 or 30 fames per sepond on the soresn of the
computer of the viewsr, charactenzed by the synchronized and interactive
play-back of muitiple sphernival videns and the corrasponding sound, which arg
stored in the same optical madia (DVD) thal constitutes the product, arg
projactsd i 8 nommalized projection al & rate of 28 or 30 frames per second
an the screen of the computer of the viewer, offars 1o the viewer the capability,
at any point in me during the play-back, withouw! intarrupting or disrupling the
play-back,  with  full  control using  higthar  mouse o  any  othsy
pointing/navigation device, o alter inleractively the positicn from which the
gvent is viewed by choosing which spherical video hefshe wishes to watch at
any given time, selexting among the several avadable spherical videos, sach
one corresponding {0 any of the several different spherical cameras which had
bean placed on preselected positions in the area where the event fook place,
chopsing in this way o virually move o the viaw-points where the sphericsl
cameras had bean placed and watlch the svent from thess points, whils at the
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same time he/she maintains tolal reedom to choose the direction and angls of
viewing from the available full 380%360° angle of view and total freedom to
rofate {fum around} histher viewing window, approach {zoom-in) and retraat
{zoom-out}, while also maintaining full interactive control of the spherical video
play-back. lrrespective of the interactive alterations in viewing position, angle,
direction or virtual distancs, the corresponding sound remains synchronized
with the projected images.
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Figure X
The Sphere and vidlual camers geansrated by the Graphics Engine.

Figure &
Correspondance of the Projection Window and the Camera/Sphere Co-ordingle
svsfsms,
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Fugura 70
The viewing window for the normalized projection of spherical video in the application
for the synchrosdzed iferactive play-back of mulliple spherical videns.
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Figure 8
Drawing pressnfing e Application of the Method for the synchironized inferaclive
pay-back of multivle sphevicat videos.
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Y JP 2008 244410 A {RIPPON TELEGRAPH & 14
TELEFHORE Y B Septesber 2005 {Z005-09~08}
the whole document
3& HETD J: “YR: QUICKTIME'S NEW EbDgE" =4
3 BACHORLD, PC WORLD COMMUNICATIONS, S&N
FRANCISCO, €A, US,
1 duly 1985 {(1895-07-801}, pages 174,
XPOORSRA0E3 '
158K 7418847 »
the whole dovument
Fms PSR (5 frdinidiion o aatond shew Tt 208k
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NTRANATIONAL SEARCH REPORY

ERaTeRRgst Sppkeaticn M

inforreRiton s paiaes famnily B ) ) N
POT/BRIGOS/DB008Y
Fatent dooumentd ) 'ﬁuﬁiicaiims """" Fatant family PUtfoainn
citend Inv-aasreh seport date Enbhar{s} date
UY 20080737 AL 22-04-2004  NONE
4P 2008244410 A 38082008 NORE
Boyreer YT ARGH IO Jratant TRemie pisnex) {aga 20053
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Application Number | 16/713,798

INFORMATION DISCLOSURE Filing Date | 12/13/2019
STATEMENT BY APPLICANT First Named Inventor | César Douady
Art Unit | 0000
Page 1 of 1 Matter Number | 46DG-026085
GENERAL

Pursuantto 37 C.F.R. 1.97 and 1.98 and to the duty of disclosure set forth in 37 C.F.R. 1.56, the Examiner in charge of the
above-identified application is requested to consider and make of record the references listed herewith. A copy of each listed
reference, other than U.S. patents/applications and references cited in a parent application, is enclosed.

Although the information submitted herewith may be "material" to the Examiner's consideration of the subject application, this
submission is not intended to constitute an admission that such information is "prior art" as to the claimed invention.

In accordance with 37 C.F.R. 1.97(g), the filing of this Information Disclosure Statement shall not be construed to mean that a search
has been made.

TIMING

In accordance with 37 CFR 1.97(b), this Information Disclosure Statement is being filed within three months of the filing of a national
application other than a continued prosecution application under 37 CFR 1.53(d); within three months of the date of entry of the
national stage as set forth in 37 CFR 1.491 in an international application; before the mailing of a first Office Action on the merits; or
before the mailing of a first Office Action after the filing of a request for continued examination under 37 CFR 1.114.

CERTIFICATION STATEMENT
No certification statement is required. This Information Disclosure Statement is being filed in accordance with 37 CFR 1.97(b).

FEE
No fee is required. This Information Disclosure Statement is being filed in accordance with 37 CFR 1.97(b).

If necessary, the Director is hereby authorized to charge or credit Deposit Account No. 601896 for any additional fees, or any
underpayment or credit for overpayment in connection herewith. Please reference attorney docket number 46DG-026085 for any
such charge or credit.

ADDITIONAL COMMENTS

SIGNATURE

Signature |/ Vadim Polonichko / Date |2020-01-10

Name | Vadim Polonichko Registration Number | 62769

SynclDS.com
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PATENT COOPERATION TREATY

From the INTERNATIONAL SEARCHING AUTHORITY

: ~
To: Jason E. Amsel ?{;T
Fenwick & Wast LLP
Silicon Valley Center ) ‘
801 California Street NOTIFICATION OF TRANSMITTAL OF
Maountain View, CA 94041 HE I«\"H I MA IU\?.H b \P( HREPORT AND
United States of America THE INTERNATIONAL
DECLARATION

(PCT Rale 441y

29 SEP 2015

> w \\. N WY

Apphicant’s or agent’s file referonée
FOR FURTHER ACTION

€ paragraphs 1 and 4 below

28679/PCT

Internativsal hm-u dah,
fdayimn

01 July 2015 {01.07 2015)

PCT/US18/38913

Applicant

GOPRO, INC.

snotified that e in
ablished and

snational search report and the writien wpinios of the Intemational Searching
re pansnifted herewith,
iﬂlmg (.\f amem‘hnenn and statement under Article 19:
Tre apphicant is eatitled, if e so wishes, to mmend the claims of the inteenari
When? The
SeR
How? Prires

SRR

oriad applrcation dxee Rute da).
e ot for Ding such amendments s normally twe months fom e dae ol @ asmitad ofthe ternation
epost.

& the dnternational Hurcau of x"l PO preferably the Fovon paper to, 34 chousin des Colombettes

a 20, Switzertand

For more detaited instractions, soe £

s CJ The appli'uuu i

Article 17{20)

) lmum

pped fant s 45 svad Phase. paragraplat

by notified that noe

mational search repost will be cstablished and thae e
o that offect and the wiitt

pinion of the Inemational Searching Authoviy are u

decltaration under
sitted herewith.

3 i With regard 1oy p: GECRE dgainsi pauh mtof (nn, additional feels) Lmdq Rughe 412 mc dppx;(dﬂl s notificd that:

i fogother with gy

profests the applicant wsift be notificd as soom a8 & decivinn i made.

4. Rewinders
The applicant may
o the Iteraation
international Bu
examination report
shortty after the «
International Buse
application., or 6f i
mtemational public
Within 19 months
EXAmInation my e applicant \\-"QI‘.
date {in some O en Yater),  others
preseribed acts for enivy mtt» lho mztmmi pL
time Bintt of 39 meonths fo
fmits, Office by

i3nit wmmmt\ on e intormal basis o the writtew apinion of the Interaadinsal Searching Authority

T commenty will be made avajlable o the public wlicr fnersational puh!xwuun The
will send a copy of such comments w il destguatod Otfices unless an ipternational pretimmary
been ur s 1o be establi

ithon of 18 months fromy the priovity date, the interpationat application wifl be published by the
I the applicant wishes o avoid or po\qmm publication, 4 nutice of withdraws of the intemational

claim, must reach the International Purea befiore the curppletion of the weehnival preparations for
5 00 L and 90503,

I tespect of some diesd
o postpone theentry e he natlonal p
hL apphicant must, within 20 mouths
we those de e Offtees. in rogp
ifao demand s Hied within 19 moaths. Ford
e it bl and the POT Applica

date, perform. the
Hdzuf \;ﬂ;kC'x the

Within 19 miont
ot by a di
supplemntany in

o o requesting
5 S.000-8. 432,

Name and-mailing adds
Mail Stop PCT, Attn: 1SAS
Commissionsr for Pals
PLEGL B 1

Anthovized officer

Shane Thomas

Facsimide N

Foray POTASALZ0 {July
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PATENT COOPERATION TREATY

PCT

INTERNATIONAL SEARCH REPORT
(PCT Article 18 and Rudes 43 and 44)

.

Applicant’s or age

FORFURTHER o8
2867HPCT ACTION as weil as,
International apphication Ne

where applicaide, ften S below.

i Interniational Bling date (denin {Earhiost) Prierivy £
PUTAIS15/30013 01 duly 2015 (01.07.2018) 03 duty 2014 (103.07.2014)
Applicant

GOPRO, INC.

This international search report has heen prepared by this Interpational Searching Authonity and is transmitied t the applicant
according to Article 18, A copy & belng transmitted 1o the Tnternational Bureau

\
‘This intesnational search roport eomsists of a tonl of 7

,,,,,,,,,,,,,,, sheets.
i i It i also socompanic

4 by & copy of esch prior art document eited in this report,

1. Basis of the report

A With regard to the fapgusge. the terations! search was cartied out o |

l?l the irernagoral application in the languags in which it wis fled.

l ' a traustution of the ntemationsd application e

et e whih dg the tenguage of
a translation furnished for the purposes of intemation:

23 My
b. { This inte

apthiorg

he basis of:

sicnal se

oy or netitied o this Authority uader Rate 91 (Rule 43 6hista)
. ! With regard to-asy nucleotide and/or amino acid seguence disclosed w the

witernatonst apptication, see Box No. 1.

D Certain ehdmy were found unsearchable tsee Box No.

3 l l ity of invention iy

facking (oo Box No, B,

\

4 With regard (o the titde,

5. With repavd to the shstract,

xt the text is approved & subwitted by the applicant.

D the texthas

cars i Box Mo [V, The applicantmay,
i, submit convmets 1o this Authiority,

wled by this Autbority, because this fiewee better haracterizes the invention,
b. i sone of the figpres is o e published with the abstract,

Form PUTASAS1O { st o

annary 201%)
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INTERNATIONAL SEARCH REPORT temational application No.
PCTIUS 1538913

A CLASSIFYCATHON OF SUI
HPC(8) - G10L 19008 2015.01)
CPC - 510k 19/008

According to International Parent Classification {IPC) or to both national classiBeation and 1PC

. FIELIDS SEARC I‘";‘D

i tolowed by classilication symbaols)

Minimum documentaticn seached {classification 5y
IPC(8) Classification(s ) GTOL 19/008; GA6L 25/05: HO4N 21/5368 (201501
CRC Classification{s) (3101 16/008; G101 2021/02166; HO4R 162

sxher than mintmum documentation o the extent that Such documents are included in the fields seurched

Bocumentation searcher

seareh Lo used)

- where practicable

ad during the international search (name of data base a

PatSear (US. EP, WO, Ji*_ DE, GB, CN, FR, KR, &8, Al iIN, CA INFADOC Datay, Google! GooglePatents; IERE; ERSCOy Espacengt.
Keywords: camera; sphes vides :i\JdIO, dmnr,et, telmm.drr,n. cube; perpandinuiar; direction.

Eleettonic-data base consa

G DOCEIMENTS ¢

Calegory* Crteiian of dodunient, \Ah ipdwaiwn, where appropriate, Welevant to chim No.
X US 20104 0 ATIMCCUTCHEN, 12 gt al)y 28 November 2010; Abstrant: paragraphs 1, 7 and 13

10050}, [0

8512 and 14-18

Y WO 2614

MC r(ln G OP’JUP/\NJN) 18 Jurie 2014; Abstract; page 2, lines Q-1 2 8 and 14
page 13, i A

28, lines 5.4

fon]

Y US 20134 HIOKIA CORPORATION) 1 July 203 A L9, and 15

¥ I8 2011
{G09E].

Y0 and 16

=N

{TAKUMAL 8) 20 January 2011; Abstract: Figars 12 paca graphs 09

S3 T Nareh 20437 Abstract paragraphis [0028), 8,8, 11,12, 17 and 18

A US 200410510804 AT (HENDRICKS, J etal.) 15 January 2004 whole documiest, 18

A Us 2014

1 AT IMICROST ORPORATIONY 6 Fabiruary 2044; whole docurnant 1418

[

wisdsted in the coptinvation of Bex €. [ ] See patent tamily annex.

wernabional filing date or priosity
miu ation but oited woundevstand
o Inversio

'IL‘ W;xi the
ory wiideriyis

AT dodument
0 be of part

steof the artwitich s not cunsid

L lie “‘-l‘“'“«'l N wit it ahed on erafier the % ol partsbala eisvsnee the chitned fy estion canpot be
fiting date 4 3idli BN T i
Roved o idered o mvolve an inventive
o e ot ;1 el the doaime e
Faon .

chitin

ed anveriion cannot be
hew the document s
ents, sueh gombination

aecial reason (d\ s

dociiient réfertng
MBS

anooval disclogure, wse, oy - ither

2
beisg A0S B & 1 \\‘i’ d i the art

BT docum srattonad

the prios

Ao byt bater thanm e s X ; _
SR BN o ement meniber of the same patent farmily

e witernational search Date-of wmailing of the internasonal search report

VI

3 X
:L \- g by

e and 1Jin§-: add
Mait Stop PCT, Attr: 184
P.O. Box 1480, Alexand:
Facsimile Mo, 571271

Bhane Thomas

Form POTASAZLO (i 1 [anuary 2045}
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From the

PATENT COOPERATION TREATY

INTERNATIONAL SEARCHING AUTHORITY

H0! jason E. Amsel
Fenwick & West

United States of

Silicon Valley Center
801 California Street
Mountain View, CA 94041

PCT

WERITTEN OPRION OF THE
INTERNATHONAL SEARCHING AUTHORITY

LLP

Armerics o
) (PCT Rufe 43bis. 1)

29679/PCT

Applicant’s or ageat’s file veference

Iatemational applicatiog

PCTUST15/38913

o } Internationat Hling date. 4
i

LU July 2015 {(01.07.2015) |03 July 2014 (03.07.2014)

E Prigrity dute (dayimeithyeary

haternational Patent Classification c\'{xji’
IRC8) - G10L 19/008 (2015.01)
CPC - G310L 19/008

Yor both pational classification and HaO

AppHeant

GOPRO, INC.

b This opinion cont

L..Vlj aox Ny, i
Box Na. H
Box No. 1t
Boy No. Iy

Box No. ¥

Box No. Vi
Box No. ¥t

Ba

XX KOO0

2

[R03

ff a demand for ing

For further optious,

No, VIH

ndteations refating 1o the following items:

Basts of the opinion

Priosty

Nop-esiablishment of epinion with regardan novelty, lventive step and induserial applicability

Fack ol saity of inveation

Reagonid staentent under Rute 4340 1)) witl; segrd e novely, yveative srep and fndostrial applhicability;
citations and explinaions sUpporting such statenteu

Cortain docamesis vited
Certain defbots i the intevnation) appitecation

o Cortain ebservations on fie invtersational applivation

FURTRER ACTION

wrpational predimisany examination is wade, this epision will b considered 1o Be & written opinton of the
International Preliminary

2 Authont

0t appt © the dpplicait chooses an Authority

an wtder Rude 66, Hoisth) that written

SIPEAT) exeept that this do
IPEA has sotitied the ¢
S0 coustde

nstdered 1o be g wiitten opinton of the FEEA, the
v, where appropriats, with amendments, befure the Ny ;
s theexpiration of 22 moaths from the privrity date, @

wplicant is invited to submil to the IPEA
miths fom the date of mailing of Fomm
shever expirey later,

53

see Foan FUTASAN,

Name and maiting adde
Mall Stop PCT, Atin: 1SAXL
Commissianer for Putents

PO Box 1464, Afexandria,

sus ol the 1SAY

Facsimile No. 571-273-830 i 5

i Laate of completion vi this opinion {Autiorized vffcer

8 September 2016 (08.09.2015; | Shans Thomas

2RTARAAE

Form PCTASASST (cover shieet) (lapwar
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WRITTEN OPINION OF THE International applivation No.
INTERNATIONAL SEARCHING AUTHORITY
POTAISTS38913

Hox No. ¥ B

5 48 this opinion

1 With regard to the Ianguage, this opinicn has been established on the basis of:
E the intematioead spplication (e the fanguage in which it was fled.

which is the language of 4 transtation

!‘ } atranslation of the wiemation application jnto N
furmished for the purposes of international search (7

2. D This optnion has been established aking ino recount the rectilication af an ehvions mistalie sntherized by ornotified to
this Authurity under Refe 94 (Rule 43Dis. Had

3 l l With regard to any nucleotide andfor smino acid sequence disclosed in the wremational application, thig opinion hag
been estabiisiiod on the 1 wsequence Hating:

. D lomivsag port of the internationual application

Wik un Anmex 048

. ! in e &
} l on papet o i the form of an image file

h. j f furnizhed together with the inermational application under PCT Rule 13 1) for the purposes of nternational
search only in e form of an Annex CAST 25 text fite.

sequent o the international Ping date for the parposes of international search only:
l J I the S of an Anoex CST 24 text file (Rule T3er 1a),

I Jompaper or i the form of an image file (Rule 13er 10h) and Administrative Instrugiions, Section 713}

4, i ] I addition, i the case that more
statements that the nformation in +

W e COISTON 0F COopy of has been tiled or fuonshed, the required
subsequent or addifional copi i that forming partof the application as

fled or does not g0 bevornd the appdication ag fled. as appropriaie

3. Additional comments:

Form POTASALIT Bay Ne. 3¢ Japutary 243 3y
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craational application Neo.
HON OF THE international application No

WRITTEN OF
INTERNATIONAL SEARCHING AUTHORITY PCTAIS15/38913

Box Ne, ¥ Reasoned sinternent under Rule 43bis Tapd) with regard to novelty, inveéntive step and fndastrial applecability;
citations and o planatiosg supporting such statement

L Statement

28, 812 and 14-18

Clainus

Clatms

inventive step (I8 Clatms . YEB
ims NO
Industrial appheabiliy ¢4A) Claims YES

Claims NO

2. Ciations and explanations:

Glaims 1, 7 and 13 fack novelty under PCT Artisie 3%

1 as being antivipated by US 2010/0299630 A1 o MCCUTCHEN, D etal,
{hereinafter "MCCUTCHEN.

As per claim 1, MCCUTCHEN
generating an appropriate
ta the video, paragraphs [0068),
pacagraph [0050]); receiving a piu
camera may capture a spharical
channels may be synciir
{0089}, {00921, each of the. plurality of audio che
AMC stereo audio channdls are synchranize
stereo line foval inputs or theomb
microphones, paragrachs {0091}, §
system mayincitds immarsive. vide
tmmiersive imaging misy o
using a scena graph,
frames of the spherical v
reduced worldview imade
functionality 16 extract v
{0008, {00507, {00711, {
sub-framie (spatial portioning ity
frames! sec in which Y
IMage averiap zZonus W
different audio vhannels ¢
channels may be sync
done, for exarple a £
compraessad terget bit re
the camera may be proce
paragraph [0002]1

ases a rwthod for generating a video with coresponding audio (2 plug i serviee may invoive
autput age to the HMD device in which the streamed AAC stere-audio channels are synchronized
921 it receiving 9 spherical viden {3 sphetical inmersive image may be displayead,
Hannals representing sudic captired concurrently withy the spherical video {ar imimersive
fiesnt m for live immersive streaming antl the streamsd +AAG storen audio
ation of 8 delay to compensate for fhe latency of the video-encoding, paragraphs
prising directions] audic Carresponding to & differsnt dirgction (the streamed
n which @ synchronized audio input is provided by exteria! bafanced audio
nes in the camerd hoad and audio 238 may e from four directionat (different direction)
ing different spatial regions of the sphierical vidso to different audic chiannels {mapping
2y in which the streamed ASL stereo audio channeis may be synchronized to the video and
naging in which the Augrsentation plug in sepvice may inveive augmetation objects aranged
G aquiad tee, Figure 20; paragraphs {0028}, 00351, [6074], [0052]); for each of a plurality of
ing a sub-frame having a reduced finkd of view relative to a field of view of the spherical video {a
S sphigtieal mage may be displayed in which the Frame Capturs plug in servce may provide
from i rstves motion pictures hasaed on the viewing angles chosen over time, paragraphs
Cdetenmining, by a processor, one or mors of the spatial regions overlapping the
 and continuous streaming of immersive Vides may be dung such &g encoding image af 30
e sener may Inchide Automatic Sensor Luminance Balance detection based on camera
I 1B0747, {0692)) and gensraling a portion of an audio stream frarm one or mare
spatal regions overlepping the sub-frame {the streamed AAC stered audio
sinuttanesus encodings of the contirousty streaming ivimersive video ray be
ay encide 3 high quality equirestangular imags at 30 famesisscata 4 mbps-5 mbps
»and outprtting the generated viden and the audio stream {the digital sensor readings from
siake e fingl straaming Video resull in which synchranized audio input may be grovided,

sand images 116

vid
it 1008
2 i @ server

HContinued Within the M Suigpdeipenial Byt

Form PO

B Vi {Januany 3015
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WRITTEN OPINION OF THE International applicstion No.

INTERNATIONAL SEARCHING AUTHORITY POTAIS15/38915

Box No. ¥I1 Certain defeets in the internationsd application

t application bave been noted:
Claims 8-11 are objectad to under PCT Rile S8 2y as containing the Tollowing defects in the Torrm o contents thereof: due to their
placemant arid ihe variance i el preambie fanguage with thal of Claim 1, Claimg 8-11 have been best understond to depend on Claim
7. nol Claim 4,

Form PCTASALAT (Boy b Vi) Qanvary 20153
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WRITTEN OPINION OF THE fnternational application No
ERNATIONAL SEARCHING AUTHORITY POTAIS15/38913

Box No. VI Certain observations on the international application

The fulosving observations on the clarity of the claims, deseription, and draswings or on the quastion whether the claims sre fuily
suppotted by the deseription, are made:

Claitn 6 is objected 1o under POT Bule 66.2taxv] as lacking clarity under PCT Arficle 8 because Claim 6 is indefinite for the following
reason: “cantent refevani 1o the target path’ Ia antecedent basis; Claim 6 has been best understood to depend on-Claim 5.

Claim 12 is objested 1o under PCT Rule 66 2(a)(v) as lacking clarity under POT Arficle 6 because Claim 12 s indefinite for the foliowing
reason: "content retevant 1o the tangst path” lacks antecedent basis; Clalin 17 bas been bes! understood tg depend on depend on Claie
1.

Ciaim 18is olijected to under FOT Rule 66.2(a){v) as facking clarity under PCT Article 6 because Claim 18 i indefinite for the following
reason: "content refevant (o the targst path" facks antecedent basis. Clair 18-has been best understood fo depend on depend on Claim
17,

Form PUTASAZIT Rox No. VI {Fanuary 2005}
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WRITTEN OPINION OF THE
INTERNATHONAL SEARCHING AUTHORITY

Interpational apphication No.

PCTASS 15738913

Supplemental Box

hcase the space in any of the preceding hoxes §s not sufficient.
Continuation of

Yrk

-Continued from Box WV Citations.and Expianations-***-

output image o the FME devic
HOGE8), (00921, the instructins wher exs
raceiving a spherical video (a spheticat
representing audio captured concurrently wi

suted by ene or more processers causing the one

mictophones in the.ca

in which the streamaed AAC st

using a quad tree, Figurs 20; paragraphs {69293, {6039, (00745, J0692)); for each of a plurad

-spherical itmage may b dis played i which the Frame Caplure plug in senvice may provide
fromvimmersive mistion pictures based on the viewing angles chosen over time, paragraphs

of immersive video may be de
Astoimatic Sensor Lunvinance B
Arid ganerating & portion of an ¢
overtapping the.sub-frame Gheg
encodings of the contintnisly ¢
equlrectanguiar ima

RN
ed AAL steren sudio shanhels may be synchronized

sital sansor readis
Hput may be prov

5 from the camera may be processed
rezsit in which synchronized i jed, paragraph J6092]).
As per ehaim 13, MOOUTOHEN d
nvaive. generating an appeerris
AR ersttlolgate
3 Media Proa
ted by W one or more prosessors causes the one or Mot pro
sHOrand a dats miant
a i the rhemory
fme i
iy with the spbe
Aring s the streansd AAC s
62 o the vid

loisess

a media server system for aenerating & video with

58] {0002)), thevideo server systan comprising:

M5 that when
Streaming Media Pro
for storing ths recei
spherical video {a &
audio capiured o
fosr fove imirne
to compénsate for
directional audio oo

20 audie channels may be synchro

srnal balanced audio stereo line loves inputs ort
different direction) micraphonas, paragraphs {6
nnels (mapping systerm me

ard audio 238 may e
of the spherisal video fo
audic channels may be
e My invelve au
L {053, [00747,
& fo s fell of vie
 Frame Capture pit
the viewing atigies cho
TELONS r.:veriapping e :
as enceding image at 3 123
detection hased on.camera i
straam from one o mvre ¢
streamed AAC
stromning immersive video Fay e dor
Irames/ses at a 4 mi Ganbps compre
(the digital sensor re Gings fror
autio input may He gt

v @ video (a reduced worldview image of att or most of
servicn may pravide fu ctorslity to extract videos ant

SVeT time, Jraphs [ i 007 1) for each of the «

hariniets comrasponding to the one.or more spatial
be synchroniz

o target bit r
3 Ay Do processed ina server to make the fina

“rContinued Within tho Next & splemortal Bopr .

As per claim 7, MCOUTCHEN discioses a nen-dransitory somputer-readable storage media storing structions for genera
with corregponding audiofa data management senvice far receiving data from the servers may ictading identification infonmation, and fo
store the received data in the memary of the computer hast in.which a plug i service may invelve generating an spprapriste formatted

> i1 which the streamad AAQ sterec audio channels are syrchironized to the video, paragraghs [0044],

wrersive imsge may be displayed, paragraph {00553,
b the spherical video fan immersive camera may capture-a sphertical video fmage i a
server-chent system for ive immersive streaming and the streamed AAC steren audio channeis miary be synchropized to the video by fhe
appiication of a delay o compensate for the latency of the video encoding, peragraphs 0089, [004G2]), easch of the plurafity of audio
channels somprising directional audio corresponding to a different direction (the streamed AAC stereo au
the videe in which a synchionized audio input is provided by external balanced audio stereo fine levet i
srax head and audic 238 may be from four directionat {different direction) micraphones, paragraphs 106091}, (0092}
rigpping different-spatial regions of the sphericat video to differant audio channs!s {mapping system may include immersive
ren audie channels may be synchronized fo the video and imeesraive frsaging may include sphencal
imaging in which the Awpmentadion pligg in service may involve augmentation objects arranged Using & scens grapn, spatial partitioning

subeframe having a mduced field of view relative 1o 4 fieid of view of the spherical video (3 reduced woridviow

determining one ormors of e spatial regions overlapping the sub-frame (spatal portioning may be perfoarmed and contingous strearming
e a8 encoding image at 30 frames/ sec inwhich the pracessing steps in the server may inciude

e detection bassd on camera image overtap zones witl
A fromy one oF more different audic channels corresponding o the one or more spatial tegions

ing immersive video may be done, for example a Flash H.264 audiofvdes may encode a high quality
i a4 mbps-5mbps compressed targelbitrate, paragrapt 00921 and outputting the generated

o output Imageto the HNMU device in which the strosimed AAL steres audio channels are
Qesorn, paragraph j00891); and a non-tra sitory computer-readable. storage medivm storng

gernent service for recelving data from the servers that may inchude identification information
af the computer host, paragraphs {Cadat, (0089
mage may be displayed, pavagraph {0050 recsiving o plaralily of audie charnels representing

viden (aninmersive camera may capture a spheticsl vides frmage in a-servercient systerm

encoding, saragraphs [0089], [0092]): sach of the pluratity-of sudio shannels comprising
g to a differant direction (the streamed AAL steres audic channels are synchropized fo the video in which &

include irmmersive vidao dis ey i which the streamed AR stered
o the video and immersive imaging may include spherical imaging in v
eGiS drranged using a scene graph, spatial partitoning using a quad Yee, Figure 20; p
v of a plurality of frames of the spherical video, extractinig a

fraages 17

portioning may be performied and contnuous streamiing of immersiva video may be done such
h the processing steps in the servar may inciuds Aty
zones with aute correction, paragraphs 0743, 100

ed to the video and several simultanaous enc rigs of the contindousty
ur example & Flash H.264 audioivides may encode a high goafi
ale, paragraph [0082]), and outputting §

i 8 Vigeo

OF more: processers to perdform steps ineluding:f
iving 8 pluratity of audio channels

channels are synchronized to
wits o the gmbedded

icen display

ity of frames. of the spherical videno, extracting &
mage of ali or most of the
tunctionality 1o sxtradt videos and images 118

{0008], (DO71]) for each of the sub-frames,

B aute corraction, paragraphe [0074], {0092

<

o th

2and severst simuftaneaus

ina server to make tha finat streaming video

1 aarresponding audio (2 plag in seivice may
GBG U MG DrOcEsSers. (8 senver-client systen
cessors (@ server-client systern may include thd

FHo perform steps including: recgving a

o 1o the video by the application of a delay

fis ambedded microphones In thes camera head
"

GO, [O092]); mapping different spatial regions

hich the Augmentation plug i
graphs
rarme having a reduced field of view
sherical image sy be displayed in which
nrmmarshve motion pictures based on
armining eoe or mong of e spatial

16§

e Sensor Luminance Bajanos
2l and generating & portion of an audio
pping the sub-frame {the

Juireciangutar image at 30
4 generated video and the audio stream
i streaming video result in which synechropized

Form POTASARIT (Supplemental Bea {Fanuary 2015)

Insta360
Exhibit 1002 Page 202



. dermational application Ng
WRITTEN GPINION OF THE Hreratinnal applicatin

INTERNATIONAYL SEARCHING AUTHORITY POTIUS15/38043

Supplenrental Box

[53 cuse the gpace in any of the preceding boves is not sudficient,

Continsation of!

“rContinuad from Previous &mf tarnental Box-""-

Claims 2, 8 and 14 {sok aninventive step under PCT Addicle 33(8) as being obvicus over MOCUTCHEN in view of WO 2014/090277 At
NOKIA CORPORATION {hereinatter NOKIA 2773

RS

As percaims 2, & and 14, MCCUTCHEN discloses the methog of claim 1, the nonstran sitory computer-readable storage mediurm of claim
7 and the media server system of daim 13, Howaver, MCCUTCHEN fails to disciose wheregit HEROTEIInG the pertion.of the audiostream
comprises: weighting each of the plurality of audio channels basad on an amount of overlap hstween B stial regions and the extracted
sub-frame; and comizining the weighted plurality of audio channels to generate the portion of the audio-stream. NOKIA'277 discloses
wherein genarating the ;‘or tian of the audico stream (a strreund sound processor instance may be configured to output a multickiannel
output audio signal track, page 2, lines 8-10) somprises: weighting each of the plrality of audic channels based on an amount of averiap
Cetwaen thesspatial regions and the extracted sub-frame (he number of channels output that may be of audio signal may at lsast one of
the twe processor instances be selected determining a spatial region-within which at least cne of this two processor instapces may apply
spatial proc g and i which each audio frame may be 20 mitlisesonds long and may have an overiap of 10 miliseconds {amount of
overtap) between frames, page 2, ings 9-10; page 18, iines 5-7; page 28, ines 56y, and combining the weighted nlurality of audic
chanpels lo generate the portion of the audio stesam (& surround sound processer instance migy be configiced to oulpat 8 mulichannet
output audio signal frack in which the mixer may be cornfigured to generate-a diffsrence betwean the fracks orinstances or a weighted
additive combiiation, page 2, nes 8-10; page 37, lines 13- 48). i would have been obvious o one of ordinary skifl in the art af the time of
he invention to modify e systen of MCCUTCHEN t6 include wherein genarating the portion of the audio stream comprises: weighting
each of the plurality of audio clisnnels based on an amount of overlap between the spatial regions and the extractsd-sub-frame: and
combining the-weighted slurality of audio chantels to generate the portion of the audio strearm, as tatghit in NOKIANSTT, far the benefit of
usig & dd\dn(,ed signal prog ¢ for recerding and-or amplifying real muiti-channel audio from fhe dosired rn.fwtlw.

Claims 3, Qand 15 lack an inv
ROKIA CORPORATION (haral

ep under PCT Article 33(3) as being obvious over MGGUTCHEN in view of US 2013/0177188 Al o
iesfter “NUKIA188).

Agper claims 3, 3 and 15, MCCUTCHEN discioses the method of olaim 1 t the ner-transitory compuiter teadatiie stofage medium of clais
7 and the media satver system of caim 13. MOCUTOHEN further discloses whereln each of the plundity of audio chanmels coresponds o
adirection {the-streamid AAC stereo audio channels are synchranized o the video in whick 4 - 'r‘hrefu et dU(AO inputis provided by
extemal balanced audio stereo ng level nputs or the embedded mic ophonss in the-camera hoatd and audio 238 gy be from four
directional microphcnes, b aphs {001, [0092]). Howevsr, MCCUTCHEN fails o dist < 0f the plurality of audio
channels corresponds i a on perpendicdar to g face of a tetrahedron. NOKIA 168 dis wharesiseach of the pluraity of audio
chanrigls corresponds i a dirs n perpendicuiar (0-a fae of 3 tetrahedron {sach microphone may s considered 1o be direxcterd
perpendiciar to a face of @ toirahe ron oarac*mph [0059). it would have been obvious to one of ardinary siith in Hie art at the time of the
invention to modify the syisiem of § TCHEN to include whersin eash of the pluratity of awdio channals cor ends to a diraction
perpendictdar to a face of atetrabedron, as taught in NOKIA'168, for the bepefit of providing 2 method and apparaius for enhancing audia
capture and recording flexibility with respect to microphones orientation and positioning

Clalims 4, 10.and 18 lack an inventive step under PCT Adticle 33(3) as being ohvicus over MCULTCHEN in view of US 20110043778 Al

to TAKUMAM, S hereinattes “TAKUMAL,

s per clans 4, 10 and 15, MCCUTCHEN discloses the method of claim 1. the non-rangitory cormpuerroadatio storage medium of ol
7 and the 'n d rserver systent of alaiti 3 MCCUTCHEN further drsdoses wherain-each of the puradity ofaudio channels coresponds to
a dirgction stregrmad A o0 audio channels are synchronized to the video in which 2 synehranzed sudio input is provided by
external bai mced audm sigreo line levet inputs or the embedided microphonss in the came st andiandio 238 may be from four
dirgational microphiones, ¢ s [0081], 1009211 Hovmv&x, MUGUTCHEN fafis o disclose whereln eath of the plura sty of sudio
channels comaspons perpendicutar to s fage of 4 clibe. TAKUMA! discloses wharein each of the plurality of audio channeis
coresponds o a dires suisr Wea face of a cube (the speaker array apparatys may be installsd in g shd @ sueh.as a cube and
the gain of the: audin be ol res pwt"' shanniefs that may be of the test sound output from sp array 10 while sweeping may be the
highastin & recommaerd stening position of the user such as-perpendicuiar to the front surfa tace of a cubs) of the speaker array 16,
Flgure 12, paragraphs {09071, [00631, {0076}, [0085]). It would have bean obvious io une of 1. i the art at the time of the
invention o modify th :,y\ton\ ef MGCUTCHEN, to include whersin each of the prorality of ¥ chani crresponds o 4 direction
perpendicuiar to.a f cubie, g fanght in AKUMN for the benefit of providing speake Array apparaius to adiust aydio beams for
high quality sound outpn
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Continuation of;

-**-Continued from Previous Suppismental Box-.
Claims 5, &, 11,12, 17 and 18 lack an #ventive step under PCT Article 33(3) as being abvious over MOUCUTCHEN In view of US
2073/0058532 A1 ta SPORTVISION, ING. fhereinafiar TSPORTVSION.

Ag per claimy 5, MCCUTTHEN dis s the method of slaim 1. MCCUTCHEN further distloses whorsin a Camers capturing the spherical
video {an immersive camara rure a spherical video image in a serverclisnt syster for ive isunarsive stresming, patagraph
[008E]). However, MOGUTCHEN 1 isolose whersin comprising: receiving video mets inclicing lecation data pertaining to a
location of a camera capturing the sphetical video and tirsing data pertaining te a2 time of gap ef the spherical video; receiving tser
metadata representing a target path, the target path comprising a sequence of tme-stamped focations corresponding fo @ target;
determining the subdrame as hiaving content relevart to the arget path, SPORTVISION discios cormpising: recelving video metatats
including lucation data pertaining to a location of a carera capluring the sphesical videa {tworor more carmeras may be positioned to
capture images ofthe event that gy be at the locatiens inthe evernt facility, paragraphs [0025], [(F287) and timing data pertaining to @
tme of capture of the spherical video {images may be reosivad that canbe from video of a sporting event such Hiat of the moving object
from mudiiple cameras @ different time noints daring a tinwe fiterval, paragraph [00041); receiving user rmetadata rspresenting a target path
{he position andior pagh of an object may be determined and the user interface display may p fedriformation to a human aperator
based onthe data recalved from the ameras, paragraphs {0003, [0072)), the iz get path com h & sequence of time-stamped
focations corresponding fo a farget ithe processing fa 140 may include equipment which receives s stores the caplisred images,
tinre stamps the captured images using & oommon clock, and processes the captired images to detarmine the posiion andf or path of the
abject, patagraph [ON2G}; determining the sub-frame gs having content refevant to the target fath {he path of the object may be
determined and the technicque may include measuriing the position of e ball in ple video framas from muttipls cameras, paragraphs
{0043, [0045]). it wonld have been ahvious to one of inary skill in the art at e o thes entionto modify the system of
MEGCUTCHEN to inciude whersin mprising: receiving video mistadata including 1y ity o 2 docation of 3 camera
captuing the spherical vig to a timg-of captire of the spheticst vides,; receiving user metadata representing 2
tasget path, the target path COMEnsig 24 sequence =stamped locations o neing 1o a kargot; destarmining the. sub-frame as
having content releva the target path, as taught in SPORTASION. for the Benefit of providing o methed (0 determine posiion and patr
of an-obiect using asynelronaus camesa by capluring inages ot various time po

o1

i

s

As perclaims 6, T2 and 18, a combination of MCCUTCHEN and SPORTVISION disloses s mathod of
computter-readable storage medivm of claim 11 and the media serversystem of dlaim 17, H
detarmining the sub-frama as having content refevant 1o the target path comprises; detenm
camera-hased on the v citadnia and the gser metadata; and selecting the sub-frame b
discloses wherein d i the sub-frame as having sontent relevant to the target path o
relative 1o the camera based an the vide) metadata and the User metadata (so > combinsd to-depict different locations
ofthe objadt along the puth and the statistical inforriation regardinig the object can be alse ned, including speed, direction, distans
traveled, height, Hrme in forth-and measwing the position of the batt in mwitiple vidas framss may befrom multinle cameras,
paragraphs [0030], [0046h; sed an the direction (Cameras may be used to tack an abjoct {0025] and the
rafs of image caplure ms : zoting) such as-for example thirty frames o ty fiedds por second that may be to determine the
pesition andior path fdirection) of the otject which i 4 fur tion of the speed of the objest, paragrs: ohs [OBZ5], [00268]). It wouid have been
obvious to otie of ardinary skili in the art at the time o invention to modify the systerm of MOCUTOHEN to include wherein detarmining
the sub-frame as having content relevant 1o the target path comprises: determining a dirsction of the fative to the samera based or
the video mistadata and the user g the sub-rame hased anthe direstion. a5 tancht in SPORTVISION, for the benefid
of providing a method to track Ghie el focations using camesras anx sapluring images at different Himes and determine
its path.

Hatm 5, the non-fransitory
v, MUGUTCHEN distloses wherein

G a disaction of the turget relative 1o the

ad o the direction. SPORTVISION
nprises: deletriining a direction of the target

<t

0L

surately at desh
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As per dlaims 11 and 17,
system of clgirm 13, MOCUTCHEN fuither disc

server-client systeny may include th streaming
may incfude identification information for Storing

perdorm steps including: 2 camera Cay
setver-client system for fve imme:
receiving video metadats mcluding location dat
pertaining to & time of capture of the sgherical v
sequence of tme-stamped locatior
SPORTVISION disclosss wherein
capturing the spherical video {t
event faciiity, paragraphs [oo2
that carn be from video
paragraph [00041); receivi G USer mistad
user interface disglay may provide in
[0C72]), the target path cor
include equipment which receives and
pracesses the captured i QQEE 10 (et
having content relevant to the £
of the bail in multiple video frar
the art at the tirme of the i
inciuding iocation dat
the spherical video: receiv
carresponding to a wrget;
benefit of providing a met!
PO,

Aring the
2 straaring

steps

3

nes from mltiple
antion to wodify the

to deterimine posit

Claltns 1418 haves industiing apy

MCCUTCHEN discloses the non-tra
oses wherein the instructio

& pertaining to a location of
ideo; receiving user metad
Weoresponding to a target; detern
ncluding: recsiving video me
WO OF IMOTe Cameras ma
8], [0028]) and tivs
of sporting event such the
ata representing a target path (the pasitio
ormation to a hiumen aperator based on
MEHISInG a sequence of time
stores the capturedimages, time
mine the position and? or path
arget path (the path of the ob

a peftainitg to a oeation of a camernd
Juser metadats repres
wrmining the: stib-ir

piicabily as defined by PCT Article

€835 8ot sulficient,

ek

Nsiery computer-readable storage medives of gaim 7 and the tredia server
ns when exscoted further causing the CNRE O Ire processors (&
Media Processor and a dats managerment seivige for eneiving data from the servers that
the received data in the memory of the compter haogt, paragraphs [0044Y, [0089)) to
spherical video {an imimersive camera may captur g spherdcal video image in a
4, paragraph 0089Y). Howsver, MCOUTCHEN faile to disclose wherein steps neliiding:
s-tamers capturing the spherical video-ang timing data
Al representing a el path, the target paih comprising a
Wning the sub-frame 1aving content relevant to fhe target path.
tadata including location data petaining to-a losation of a camers
Y be pesitioned to caplurs irmages of the svent that avay beat the locations in the
ing data pertaining to a time of caphure of the spherica! video {images-may be teceived
st of the maving object from rogtigte cameras &t differant tme points during a tims interval,
N andior path of an obieat may be determined and the

tha d meras, paragraphs {0003],
rpad locations eorresponding to a target (the processi 1} facility 140 may
stamps the eaplured images s inig @ sommon dock, and
of the obiect, paragrapt: 10629 d terreining the sub-frame as
jectmay be detertnined and the trchiicue may inchude measuring the position
% paragraphe {0043}, (00451} #woult have been obvious o one of ordinary skiff ir
mof MCCUTCHEN to includs wherah sleps incly i feceiving viden metadata
capturing the sphericat vides and tersteng clast pertdining to ¢ time of sapture of
enting a target path, the target path comprising 2 5 rquerice of imesstamped lnnations
me as having content refevant th the target 1, as tatoht in SPORTVIBION, for the

el using asvnghrenons samern by captuting irmages at various fime

on and path of an obje

&

ata recgived fram the o

4

"
t

camers
syste

Vi

T2 £
3

33 beoauss th subject matter san e made or used inindustry,
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