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AO 120 (Rev. 08/10} 

Mail Stop 8 REPORT ON THE 
TO: 

Director of the U.S. Patent and Trademark Office 
P,O. Box 1450 

FILING OR DETER.MINA TION OF AN 
ACTION REGARDING A PATENT OR 

TRADEMARK Alexandria, VA 22313-1450 

[n Compliance with 35 1-LS.C. § 290 and/or 15 U.S.C. § l l 16 you are hereby advised that a court action has been 

filed in the U.S. District Court for the Western District of Wast1ington on the following 

D Trademarks or ~Patents. ( D the patent ac110n invoives 35 U.S.C:. § 292.): 

DOCKET NO. DATEF[LED U.S. rnSTRlCT COURT 
2:22-cv-00942 7/7/2022 for the Western District of Wast1ington 

PLAfNTIFF DEFENDANT 

Reaid Spark, LLC Microsoft Corporation 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

l 10,740,985 B2 August 11, 2020 RealD Spatk L.LC 

2 

3 

4 

5 

In the above-entitled case, the following patent(s)/ trademark(s) have been included: 

DA TE INCLUDED INCLUDED BY 

n Amendment □ Answer □ Cross Bill □ Other Pleadrng 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

l 

2 

3 

4 

5 

[n. the above----·entitied case, the following decision has been rendered or judgement issued: 

DECJSIONiJUDGEMENT 

CLERK (BY) DEPUTY CLER,_'<. DATE 

Ravi Subramanian Sherri Tye 7/11/2022 

Co1iy 1-----Upon initiatioll of action, mail this copy to Director Copy 3-----lJiion termination of adion, mail this copy to Director 
Copy 2----·IJJJOll filing documellt adding patellt(s), mail this copy to Director Copy 4-----Case file copy 
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UNITED STATES PA TENT AND TRADEMARK OFFICE 
UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONERFORPATENTS 

APPLICATION NO. 

16/057,566 

145234 7590 

RealD Spark, LLC 
9777 Wilshire Blvd. 
Suite 400 
Beverly Hills, CA 90212 

ISSUE DATE 

08/11/2020 

07/22/2020 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

PATENT NO. ATTORNEY DOCKET NO. 

10740985 409001 

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) 

CONFIRMATION NO. 

5211 

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): 

Eric Sommerlade, Oxford, UNITED KINGDOM; 
RealD Spark, LLC, Beverly Hills, CA; 
Alexandros Neophytou, Oxford, UNITED KINGDOM; 

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) 
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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 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, Virginia 22313-1450 

By fax, send to: (571)-273-2885 

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. 

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

145234 7590 

RealD Spark, LLC 
9777 Wilshire Blvd. 
Suite 400 
Beverly Hills, CA 90212 

APPLICATION NO. 

16/057,566 

04/01/2020 

FILING DATE 

08/07/2018 

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. 

Certificate of Mailing or Transmission 
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 
addressed to the Mail Stop ISSUE FEE address above, or being transmitted to 
the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below. 

(EFS Filirnr) (Typed or printed name) 

(Signature) 

(Date) 

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

Eric Sommerlade 409001 5211 

TITLE OF INVENTION: Adjusting a digital representation of a head region 

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE 

nonprovisional SMALL $500 

EXAMINER ART UNIT 

PRINGLE-PARKER, JASON A 2618 

1. Change of correspondence address or indication of "Fee Address" (37 
CFR 1.363). 

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

0 "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. 

PUBLICATION FEE DUE PREY. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

$0.00 $0.00 

CLASS-SUBCLASS 

345-428000 

2. For printing on the patent front page, list 
( 1) The names of up to 3 registered patent attorneys 
or agents OR, alternatively, 
(2) The name of a single firm (having as a member a 
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 
listed, no name will be printed. 

$500 07/01/2020 

Penny L. Lowry 

Neil G.J. Mothew 
2 ______________ _ 

3 ______________ _ 

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 3.8l(a). Completion of this form is NOT a substitute for filing an assignment. 

(A) NAME OF ASSIGNEE 

RealD Spark, LLC 
(B) RESIDENCE: (CITY and STATE OR COUNTRY) 

Beverly Hills, CA 

Please check the appropriate assignee category or categories (will not be printed on the patent) : 0 Individual GlQ Corporation or other private group entity O Government 

4a. Fees submitted: ~Issue Fee □Publication Fee (if required) □Advance Order - # of Copies _________ _ 

4b. Method of Payment: (Please first reapply any previously paid fee shown above) 

I&) Electronic Payment via EFS-Web 0 Enclosed check 0 Non-electronic payment by credit card (Attach form PTO-2038) 

0 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) 

0 Applicant certifying micro entity status. See 37 CFR 1.29 

0 Applicant asserting small entity status. See 37 CFR 1.27 

0 Applicant changing to regular undiscounted fee status. 

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. 

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 __ /P_e_m_1_y_'_L_._L_o_,_v_ry_·1 _________ _ 

Typed or printed name __ P_e_n_n~)~1_L_. _L_o_v;_11~·y __________ _ 

PTOL-85 Part B (08-18) Approved for use through 01/31/2020 
Page 2 of3 

0MB 0651-0033 

Date __ J_t_il~y_l~, _2_02_0 _______ _ 
57186 

Registration No. ________________ _ 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
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Electronic Patent Application Fee Transmittal 

Application Number: 16057566 

Filing Date: 07-Aug-2018 

Title of Invention: Adjusting a digital representation of a head region 

First Named Inventor/Applicant Name: Eric Sommerlade 

Filer: Penny Lea Lowry/Kristal Veliz 

Attorney Docket Number: 409001 

Filed as Small Entity 

Filing Fees for Utility under 35 USC 111 (a) 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

Pages: 

Claims: 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

UTILITY APPL ISSUE FEE 2501 1 500 500 
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Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Extension-of-Time: 

Miscellaneous: 

Total in USO($) 500 
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Electronic Acknowledgement Receipt 

EFSID: 39886638 

Application Number: 16057566 

International Application Number: 

Confirmation Number: 5211 

Title of Invention: Adjusting a digital representation of a head region 

First Named Inventor/Applicant Name: Eric Sommerlade 

Customer Number: 145234 

Filer: Penny Lea Lowry/Kristal Veliz 

Filer Authorized By: Penny Lea Lowry 

Attorney Docket Number: 409001 

Receipt Date: 01-JUL-2020 

Filing Date: 07-AUG-2018 

Time Stamp: 14:22:49 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type DA 

Payment was successfully received in RAM $500 

RAM confirmation Number E202071E23027141 

Deposit Account 

Authorized User 

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

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

265761 

1 Issue Fee Payment (PTO-85B) 
409001 _lssue_Fee_ Transmittal. 

no 1 
pdf 

d438bfa7dd77d5cd1 05058e8Sa 19c5754b( 
ead83 

Warnings: 

Information: 

29975 

2 Fee Worksheet (5B06) fee-info.pdf no 2 
fd7bd9e401f443bf103680526cea9a71 b90f 

a4d8 

Warnings: 

Information: 

Total Files Size (in bytes) 295736 

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 Agglications 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 Agglication 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 Agglication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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Electronic Acknowledgement Receipt 

EFSID: 39042677 

Application Number: 16057566 

International Application Number: 

Confirmation Number: 5211 

Title of Invention: Adjusting a digital representation of a head region 

First Named Inventor/Applicant Name: Eric Sommerlade 

Customer Number: 145234 

Filer: Penny Lea Lowry/Stefan Bump 

Filer Authorized By: Penny Lea Lowry 

Attorney Docket Number: 409001 

Receipt Date: 02-APR-2020 

Filing Date: 07-AUG-2018 

Time Stamp: 11:56:08 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

1399896 

1 Oath or Declaration filed 409001 _Declarations_X.pdf no 2 
713d6c7a 1 a6be283df1 c83fb4ae544eeb41 

77566 

Warnings: 
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Information: 

Total Files Size (in bytes)~ 1399896 

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

New Applications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 
National Stage of an International Application under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT /DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 
New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 
UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

NOTICE OF ALLOWANCE AND FEE(S) DUE 

145234 7590 

RealD Spark, LLC 
9777 Wilshire Blvd. 
Suite 400 
Beverly Hills, CA 90212 

APPLICATION NO. 

16/057,566 

04/01/2020 

FILING DATE FIRST NAMED INVENTOR 

08/07/2018 Eric Sommerlade 

TITLE OF INVENTION: Adjusting a digital representation of a head region 

EXAMINER 

PRINGLE-PARKER. JASON A 

ART UNIT PAPER NUMBER 

2618 

DA TE MAILED: 04/01/2020 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

409001 5211 

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE PREY. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

nonprovisional SMALL $500 $0.00 $0.00 $500 07/01/2020 

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. 
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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 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, Virginia 22313-1450 

By fax, send to: (571)-273-2885 

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. 

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

145234 7590 

RealD Spark, LLC 
9777 Wilshire Blvd. 
Suite 400 
Beverly Hills, CA 90212 

APPLICATION NO. 

16/057,566 

04/01/2020 

FILING DATE 

08/07/2018 

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. 

Certificate of Mailing or Transmission 
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 
addressed to the Mail Stop ISSUE FEE address above, or being transmitted to 
the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below. 

(Typed or printed name) 

(Signature) 

(Date) 

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

Eric Sommerlade 409001 5211 

TITLE OF INVENTION: Adjusting a digital representation of a head region 

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE 

nonprovisional SMALL $500 

EXAMINER ART UNIT 

PRINGLE-PARKER, JASON A 2618 

1. Change of correspondence address or indication of "Fee Address" (37 
CFR 1.363). 

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

0 "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. 

PUBLICATION FEE DUE PREY. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

$0.00 $0.00 

CLASS-SUBCLASS 

345-428000 

2. For printing on the patent front page, list 
( 1) The names of up to 3 registered patent attorneys 
or agents OR, alternatively, 
(2) The name of a single firm (having as a member a 
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 
listed, no name will be printed. 

$500 07/01/2020 

2 ______________ _ 

3 ______________ _ 

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 3.8l(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) : 0 Individual O Corporation or other private group entity O Government 

4a. Fees submitted: □Issue Fee □Publication Fee (if required) □Advance Order - # of Copies _________ _ 

4b. Method of Payment: (Please first reapply any previously paid fee shown above) 

0 Electronic Payment via EFS-Web 0 Enclosed check 0 Non-electronic payment by credit card (Attach form PTO-2038) 

0 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) 

0 Applicant certifying micro entity status. See 37 CFR 1.29 

0 Applicant asserting small entity status. See 37 CFR 1.27 

0 Applicant changing to regular undiscounted fee status. 

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. 

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 _______________________ _ 

Typed or printed name ______________________ _ 

PTOL-85 Part B (08-18) Approved for use through 01/31/2020 
Page 2 of3 

0MB 0651-0033 

Date ____________________ _ 

Registration No. ________________ _ 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NO. 

16/057,566 

145234 7590 

RealD Spark, LLC 
9777 Wilshire Blvd. 
Suite 400 
Beverly Hills, CA 90212 

FILING DATE FIRST NAMED INVENTOR 

08/07/2018 Eric Sommerlade 

04/01/2020 

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 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

409001 5211 

EXAMINER 

PRINGLE-PARKER. JASON A 

ART UNIT PAPER NUMBER 

2618 

DA TE MAILED: 04/01/2020 

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 l(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 
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Application No. ~pplicant(s) 

Notice Requiring Inventor's 
16/057,566 ~ric Sommerlade 

Oath or Declaration Examiner ~t Unit 

PRINGLE-PARKER, JASON A ~618 

This notice is an attachment to the Notice of Allowability (PTOL-37), or the Notice of Allowability For A Design 
Application (PTOL-37D). 

An inventor's oath or declaration in compliance with 37 CFR 1.63 or 1.64 executed by or with respect to each 
inventor has not yet been submitted. 

An oath or declaration in compliance with 37 CFR 1.63, or a substitute statement in compliance with 37 CFR 1.64, 
executed by or with respect to each inventor (for any inventor for which a compliant oath, declaration, or substitute 
statement has not yet been submitted) MUST be filed no later than the date on which the issue fee is paid. See 35 
U.S.C. 115(f). Failure to timely comply will result in ABANDONMENT of this application. 

A properly executed inventor's oath to declaration has not been received for the following inventor(s): 

If applicant previously filed one or more oaths, declarations, or substitute statements, applicant may have received 
an informational notice regarding deficiencies therein. 

The following deficiencies are noted: 

INFORMAL ACTION PROBLEMS 
• A properly executed inventor's oath or declaration has not been received for the following inventor(s): Eric 

Sommerlade and Alexandros Neophytou. 
Applicant may submit the inventor's oath or declaration at any time before the Notice of Allowance and Fee(s) 
Due, PTOL-85, is mailed. 

Questions relating to this Notice should be directed to the Application Assistance Unit at 571-272-4200. 

U.S. Patent and Trademark Office 

PTO-2306 (01-13) Notice Requiring Inventor's Oath or Declaration 
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0MB 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 0MB approves an agency request to 
collect information from the public, 0MB (i) provides a valid 0MB 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 0MB 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 0MB 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. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, 
or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility 
to recommend improvements in records management practices and programs, under authority of 44 U.S.C. 
2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection 
of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall 
not be used to make determinations about individuals. 

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

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

Application No. 
16/057,566 
Examiner 
JASON A PRINGLE-PARKER 

Applicant(s) 
Sommerlade et al. 

Art Unit I AIA (FITF) Status 
2618 Yes 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address-­
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included 
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS 
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative 
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308. 

1.~ This communication is responsive to 2/21/20. 

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

2.0 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 1,3-12, 18,27,32-33,37-39 and 144. 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. 

4.0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

Certified copies: 

a) □All b) 0 Some *c) D None of the: 

1. D Certified copies of the priority documents have been received. 

2. D Certified copies of the priority documents have been received in Application No. __ . 

3. D 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. 

5.0 CORRECTED DRAWINGS (as "replacement sheets") must be submitted. 

D 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). 

6.0 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. D Notice of References Cited (PTO-892) 

2.~ Information Disclosure Statements (PTO/SB/08), 
Paper No./Mail Date . 

3. D Examiner's Comment Regarding Requirement for Deposit 
of Biological Material __ . 

4.0 Interview Summary (PTO-413), 
Paper No./Mail Date. 

/JASON A PRINGLE-PARKER/ 
Primary Examiner, Art Unit 2618 

U.S. Patent and Trademark Office 

5. D Examiner's Amendment/Comment 

6. D Examiner's Statement of Reasons for Allowance 

7. D Other 

PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20200319 
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Search Notes 
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Symbol 

Application/Control No. 

16/057,566 

Examiner 

JASON A PRINGLE-PARKER 
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US Classification - Searched* 
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Applicant(s)/Patent Under Reexamination 

Sommerlade et al. 

Art Unit 

2618 

I Date I Examiner 

Date Examiner 

Date Examiner 

* See search history printout included with this form or the SEARCH NOTES box below to determine the scope of 
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Primary Examiner, Art Unit 2618 

(Primary Examiner) 
U.S. Patent and Trademark Office 

Page 1 of 3 

Applicant(s)/Patent Under Reexamination 

Sommerlade et al. 

Art Unit 

2618 

Type Version 

F 2013-01-01 

I 2017-01-01 

I 2013-01"01 

I 2013-01-01 

A 2013-01-01 

A 2013-01-01 

A 2013-01-01 

A 2013-01-01 

Type Set Ranking Version 

Total Claims Allowed: 

(Date) 19 

19 March 2020 
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Issue Classification 
Application/Control No. 

16/057,566 

Examiner 

JASON A PRINGLE-PARKER 

Applicant(s)/Patent Under Reexamination 
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EAST Search History 

EAST Search History 

EAST Search History (Prior Art) 

lr::Jr:=1rsearch. Query"""""""""""""""""""""""""""""""IE=ilo:~r~~~r_]E::] ~~~!p """ 1 
IIL1 l□I input ADJ2 patch WITH target ADJ2 I US- :DR:~ 2020/03/19: 
I I I feature I PGPUB; : \__ ______________ J 10:44 : 

ILJ2 :□: ;~-t~;~ti~$4--WITH--~~~d·~-~$4.WITH"""""""""""i ~~~AT"'"" 1DR 1LJN; 2620;03;'!91 
I I I algorithm I PGPUB; : : ! 10:44 : 
I .......... 1 ................ 1 ................................................................................................ I US PAT ......... : ........................ : ................... ! .......................... : 
l[L3 r86 I iterativ$4 WITH render$4 WITH algorithm I us- IDR :LJN ! 2020/03/19: 
I I I ! PGPUB; i i p0:44 i 
I .......... 1 ................ 1 ............................................................................................. , j US PAT ......... : ........................ : ................... ! .......................... : 

I I I ADJ2 representat$4 ! PGPUB; : : ! 10:59 : 
r 1[]1 i reference ADJ2 data WITH compress$4 I us- :DR :LJN ! 2020/03/19: 

I ....... J ............. J ............................................................................................. , j USPAT ......... : ........................ : ................. J .......................... : r IDs I first ADJ2 neural ADJ2 network WITH ! us- :DR :LJN ! 2020/03/19: 
I I I algorithm SAME second ADJ2 neural ADJ2 ! PGPUB; : : ! 11:00 : 
! ,_.-J ________________ I network--------------------------------------------------------------------------·--! US PAT __________ ! _________________________ ! ___________________ ! __________________________ ! 
I L6 I 31 I ("20020013691' I "20030197779' I ! us- : OR : ON ! 2020/03/19: 
I I I "20030218672" "20050053274" ! PGPUB; : : ! 11:01 : 
i I I "20070019882" "20070244606" i USPAT : : ! : 
I I I "20110199460" "201201os486" ! : : ! : 
I I I "20120219180" "20120223956" ! : : ! : 
I I I 1120120236133" "20130070046" ! : : ! : 
I I I 1120130076853" "20130163659" ! : : ! : 
I I I "20140016871" "20140267584" ! : : ! : 
I I I 11201soo77s26" "201so269737" ! : : ! : 
I I I 11201so339s12" "2016012s227" ! : : ! : 
I I I "20160196465" "20170134720" ! : : ! : 
I I I "20170364149" "20180035886" ! : : ! : 
I I I 116283858" I "9224060" I "9224248" I ! I I ! I 
I I I "9378574" I "9740282" I "9872007" I ! : : ! : 
i i i "9986812") PN i i i i i 

ils1 i□;l"l60S7566". · ! us- ;DR ;LJN; 2019;11;08; 
i i i i PGPUB· i i i 10·41 i t \ \ \ , : : ~ ■ : 

!,-.-J ............. J .............................................................................................. 1 USPAT ......... : ........................ : ................. ) .......................... : 
! 52 I 16 I ((("SOMMERLADE") near3 ("Eric")) OR ! US- : OR : ON ! 2019/11/08: 
I I I (("NEOPHYTOU") near3 ! PGPUB; : : ! 10:41 : 
I I I ("Alexandros"))).INV. ! USPAT; : : ! : 
i i i i USOCR· i i i i 
I I I ! EPO· JPO· : : ! : 
1 ........ 1...........1 ............................................................................................ J DERWENT J ........................ J ................... ! ......................... J \~ ~===============.cc,,"'==~.,F"'=="",~=="',~===~1 
i 53 i 16 I ((("SOMMERLADE") near3 ("Eric")) OR i US- i OR 1,,,,,,,,,,,,, ON ! 2019/11/08! I I I (("NEOPHYTOU") near3 ! PGPUB; : ! 10:41 : 
I I I ("Alexandros"))).INV. ! USPAT; : ! : 

I I I I USOCR; : I,,,,_ I,,,, I I I ! EPO; JPO; : 
I ....... J ................ ' ............................................................................................. , j DERWENT_: ........................ ' ................... , .......................... ' 

I I I (meeting OR conferenc$4) I PGPUB; : : ! 11:09 : 
'[54 11697 I real ADJ2 time SAME (eye OR gaze) SAME I US- IDR :LJN ! 2019/11/08: 

I ....... J ............. J ............................................................................................. , j USPAT ......... : ........................ : ................. J .......................... : 
11ss 1135 llreal ADJ2 time SAME (eye OR gaze) WITH 11us- ilOR ilON 112019/11/08j 
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l 
II ll(chang$4 OR adjust$4 OR modify$4) ilPGPUB; :1 :1 llll:10 : 

.......... 1 ................ 1 SAME. ( meeting .. OR. conferenc$4) ...................... I US PAT ......... : ........................ : ................... 1 .......................... : 
i i i PGPUB· i i ! 11-43 i 

LILI (head OR face) AND input ADJ2 pa1I:h I US- i□R :[JN i 2019/11/08: 

11 ............................................................................................ lusPAT' ....... 1 ........................ 1 ................... 1 · ............. 1 

I I SAME output ADJ2 patch I PGPUB; : : I 11:43 : 
□LI (head OR face) AND input ADJ2 pa1I:h I US- i□R :[JN ! 2019/11/08: 

II ............................................................................................ jUSPAT ......... : ........................ : ................... ! ............. : 

EJ□!l("2017/0195662").URPN. ![USPAT :~R :~N ! 2019/11/08: 
I ! : : ! 11:44 : ................ ' .............................................................................................. ) ........................ · ........................ · ................... • .......................... · 

r]FJ4 i,("2013/0076853").URPN. ![USPAT i~R :~N ! 2019/11/08\ 
I ! : : ! 11:47 : ................ ' ................................................................................................ • ........................ · ........................ · ................... • ............. · 

EJFJ9 r'2012/0223956").URPN. ![USPAT :~R :~N ! 2019/11/08\ 
I ! : : ! 11:57 : ................ ' ................................................................................................ • ........................ · ........................ · ................... • .............. · 

□□ ("20050147955" I "20060239591" I I us- i□R :□N ! 2019/11/08: I I "20120223956" I "7392204").PN. OR ! PGPUB; : : ! 11:59 : 
I I ("9378574").URPN. ! USPAT; : : ! : 

ij ----------------------------------------------------------------------------------------------! USOCR ________ : ------------------------: ________________ , __ ! ------------: 

□□ real ADJ2 time SAME (cosmetic OR make I US- i□R :□N ! 2019/11/08: I I ADJ2 up) ! PGPUB; : : ! 11:59 : 
i i i USPAT· i i i i 

11 .............................................................................................. I USOCR ...... J ........................ J ................. l ............ J 
□□ real ADJ2 time WITH (cosmetic OR make I US- l□R :□N ! 2019/11/08: I I ADJ2 up) ! PGPUB; : : ! 11:59 : 

i i i USPAT· i i i i 
\ \ \ , : : ~ : 

I I ! USOCR : : ! : 

514 , 304 , 513 AND ( (G06F17/5009 OR G06F16/54 US- . OR . ON ! 2019/11/08i 
OR G06F9/5072 OR G06F3/011 OR PGPUB; ! 12:00 i 
G06F16/258 OR G06F3/04817 OR USPAT; 
G06F3/0482 OR G06Fll/1441 OR USOCR 
G06Fll/1474 OR G06F16/164 OR 
G06F16/168 OR G06F16/25 OR 
G06F16/29 OR G06F16/444 OR 
G06F17/11 OR G06F17/50 OR 
G06F17/5036 OR G06Fl/3265 OR 
G06F2009/4557 OR G06F2009/45591 OR 
G06F2009/45595 OR G06F2201/805 OR 
G06F2201/85 OR G06F2217/78 OR 
G06F3/013 OR G06F3/015 OR G06F3/016 
OR G06F3/04812 OR G06F3/04815 OR 
G06F3/0484 OR G06F3/04842 OR 
G06F3/04845 OR G06F3/04847 OR 
G06F3/0485 OR G06F3/0487 OR 
G06F3/12 OR G06F8/30 OR G06F8/38 OR 
G06F9/453 OR G06F9/45558 OR 
G06F9/4856 OR G06F9/505 OR 
G06F9/5077 OR G06F9/5083 OR 
G06F9/5088 OR G06F9/541 OR 
G06F9/547 OR G06T19/20 OR 
G06T2207/30201 OR G06T13/40 OR 
G06T15/005 OR G06T15/04 OR 
G06T17/10 OR G06T17/20 OR G06Tll/60 
OR G06T19/006 OR G06T2210/16 OR 
G06T7/11 OR G06T7/90 OR G06T17/205 
OR G06Tl/0007 OR G06T19/00 OR 
G06T19/003 OR G06T2207/10024 OR 
G06T2215/16 OR G06T3/40 OR 
G06T7/251 OR G06T7/73 OR G06Tll/00 
OR G06Tll/001 OR G06Tll/40 OR 
G06T15/02 OR G06T15/10 OR G06T15/80 
OR G06T17/00 OR G06T17/05 OR 
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i G06T2200/24 OR G06T2207/10016 OR I i 
I G06T2207/10021 OR G06T2207/20081 OR! ! 

1, G06T2207/20221 OR G06T2207/30088 ORI 1,,,,,,,,, 

I,',,,, G06T2210/32 OR G06T2210/36 OR ! 
G06T2219/2004 OR G06T2219/2016 OR I 
G06T7/0012 OR G06T7/0014 OR I 

! G06T7/174 OR G06T7/40 OR G06T7/55 I ! 
! OR G06T7/75).CPC. ) i i 

~~~~~~~~~~ ~ ~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~~~~~· ~ ~~~~~~~~~~~~~~~~~~~~~~~· ~ ~~~~~~~~~~~~~~~~~~ ' ~~~~~~~~~~~~~~~~~~~~~~~~~· ~ 

LJDl"2016012S227" ............................................................. 1 ~~~~~; ll~:llON I ~~'.:~11/0Sj 
I I ADJ2 up) AND machine ADJ2 learning ! PGPUB; : : ! 12:47 : 
□16 !□1 ! real ADJ2 time WITH (cosmetic OR make ! US- !DR !□Ni 2019/11/08! 

II ~~~2 (~~~~~:°ci~ ~~:~akri~l~_vector __________ j ~~6~~--------I ________________________ I ___________________ I _____________ I 
i i iPGPUB· i i !13-59 i 
□17 i□738 ! compressed ADJ2 representation : US- !DR ![JN ! 2019/11/08! 

11 """"""""""""""""""""""""""""""""""""""""""""""" I US PAT,"""": """""""""""'": """"""""'" ! · """""'": 
□18 i□! regression ADJ2 fern WITH cluster ADJ2 : US- !DR ![JN ! 2019/11/08! 

I I centre : PGPUB; : : ! 14:01 : 

ij ---------------------------------------------------------------------------------------------- ! US PAT __________ ! _________________________ ! -------------------! _____________ ! 
□19 l□llregression ADJ2 fern : US- :DR :[JN ! 2019/11/08: 

i i i PGPUB· i i i 14·01 i 
\ \ \ , : : ~ ■ : 

lj ' """""""""""""""""""""""'" ! us PAT _________ _: """"""""""""_: """""""'" j ____________ _: 
□[182 I machine ADJ2 learning WITH look ADJ2 I US- !DR :□N ! 2019/11/08: I up ADJ2 table : PGPUB; : : ! 14:04 : 

i i USPAT· i i i i 
\ \ , : : ~ : 

! ! USOCR ! ! ! ! 
~~~~~~~~~~~~~·' ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~, ~~~~~~~~~~~~~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~~- ~~~~~~~~~~~~~~~~~~~~~~~~~~' 

LJ[38768 I compres5$4 WITH instructions i US- !DR :[JN ! 2019/11/08: 
i i PGPUB· i i i 14·15 i 
\ \ , : : ~ ■ : 

! !USPAT ! ! ! ! 

522 6045, 521 AND ( (G06F3/067 OR G06F3/0659 US- . OR . ONi 2019/11/08i 
OR G06F3/0631 OR G06F3/0653 OR PGPUB; ! 14:16 i 
G06F12/1408 OR G06F3/0608 OR USPAT 
G06F3/061 OR G06F3/0619 OR 
G06F3/064 OR G06F3/0647 OR 
G06F3/0665 OR G06F3/0673 OR 
G06F3/0679 OR G06F3/0683 OR 
G06F3/0689 OR G06F9/3887 OR 
G06F9/4401 OR G06F9/5072 OR 
G06Fll/141 OR G06Fll/3414 OR 
G06F12/0862 OR G06F12/0893 OR 
G06F12/10 OR G06F12/109 OR 
G06Fl3/161 OR G06Fl3/1668 OR 
G06Fl3/1694 OR G06Fl3/4022 OR 
G06Fl3/4068 OR G06Fl3/409 OR 
G06Fl3/42 OR G06Fl3/4282 OR 
G06F15/8061 OR G06F16/182 OR 
G06F16/9014 OR G06F17/16 OR 
G06Fl/183 OR G06F21/602 OR 
G06F2207/4824 OR G06F2209/5019 OR 
G06F2209/5022 OR G06F2212/1008 OR 
G06F2212/1024 OR G06F2212/1041 OR 
G06F2212/1044 OR G06F2212/152 OR 
G06F2212/202 OR G06F2212/401 OR 
G06F2212/402 OR G06F2212/7207 OR 
G06F3/0482 OR G06F3/0604 OR 
G06F3/0611 OR G06F3/0613 OR 
G06F3/0616 OR G06F3/0625 OR 
G06F3/0629 OR G06F3/0638 OR 
G06F3/0643 OR G06F3/0644 OR 
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I G06F3/065 OR G06F3/0655 OR 
I G06F3/0658 OR G06F3/0664 OR 
I G06F3/0688 OR G06F8/65 OR 
I G06F9/30021 OR G06F9/30036 OR 
I G06F9/466 OR G06F9/5016 OR 
I G06F9/5044 OR G06F9/505 OR 
I G06F9/5077 OR G06F9/544 OR 
I G06Fll/10 OR G06Fll/1469 OR 
I G06Fll/3664 OR G06Fll/3688 OR 
I G06Fll/3692 OR G06F16/221 OR 
I G06F16/2282 OR G06F16/2322 OR 
I G06F16/24578 OR G06F16/252 OR 
I G06F16/258 OR G06F16/27 OR 
I G06F16/285 OR G06F16/743 OR 
I G06F16/904 OR G06F16/9577 OR 
I G06F17/18 OR G06F17/2247 OR 
I G06F17/2252 OR G06F17/2288 OR 
I G06F17/5036 OR G06Fl/20 OR 
I G06Fl/3231 OR G06F2009/45579 OR 
I G06F2009/45583 OR G06F21/36 OR 
I G06F21/60 OR G06F21/604 OR 
I G06F21/606 OR G06F21/6245 OR 
I G06F21/6272 OR G06F21/629 OR 
I G06F2201/805 OR G06F2212/1052 OR 
I G06F3/0605 OR G06F3/0626 OR 
I G06F3/0634 OR G06F3/0635 OR 
I G06F3/0641 OR G06F3/0652 OR 
I G06F3/0661 OR G06F3/0685 OR 
I G06F7/483 OR G06F7/4876 OR 
I G06F8/4441 OR G06F8/61 OR G06F8/654 
I OR G06F8/658 OR G06F8/71 OR 
I G06F9/30025 OR G06F9/30032 OR 
I G06F9/3004 OR G06F9/30043 OR 
I G06F9/30072 OR G06F9/30079 OR 
I G06F9/30087 OR G06F9/30181 OR 
I G06F9/3834 OR G06F9/3857 OR 
I G06F9/45558 OR G06F9/50 OR 
I G06F9/5027 OR G06F9/52 OR G06T9/00 
I OR G06Tl/0007 OR G06Tl/60 OR 

I I G06T2207/10036 OR G06T2207/20021 ORI 
I I I G06T2207 /20024 OR G06T7 /223).CPC. ) I , , , 
r3 r79 I compress$4 wITH in;,ructions SAME .. ·····1 us:·················r)R··················r)N············1~20=1=9;=1=1;=08:.:.:;:I 

I I I (reduc$4) I PGPUB; : : j 14:28 : 

I ! ! """"""""""""""""""""""""""""""""""""""""""""""""! US PAT ________ )"""""""""""'--!""""""""'"! """""'--! 

11524 1[1596 I compress$4 WITH instructions WITH US- ;DR :LJN ! 2019/11/08: 
I I I (reduc$4) ! PGPUB; : : ! 14:29 : 

! ________ 1----------- 1 -----------------------------------------------------------------------------------------------! USPAT----------! -------------------------! ------------------- ! -------------! 
11525 1[324 I compress$4 ADJ4 instructions WITH I US- ;DR :F7 2019/11/08: 
I I I (reduc$4) ! PGPUB; : t ______________ J 14:29 : 

1□26 lol ~~~p;~~~$4--ADJ4"i~~t;~-~ti~~~-WITH""""""'": ~~~AT ""'"":DR :LJN: 2ci19;i'i;'os: 
I I I (reduc$4) AND machine ADJ2 learning I PGPUB; : : j 14:30 : 
I I I ! USPAT : : ! : ' ~~~~~~~~·' ~~~~~~~~~~~~~·' ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~, ~~~~~~~~~~~~~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~- ~~~~~~~~~~~~~~~~~~~~~~~~~~' 

EAST Search History (Interference) 

I[:~~_ I[~.'.~:_ 11~::~:~--~-~-:~--------------------------------------------------------------------------1~1~::~~~r_ 1[~_
1

_~~:_

1

_:--1 ~~~~p ---------I 
irl7 l20 I ((("SOMMERLADE") near3 ("Eric")) OR ; US- ;DR :LJN ! 2020/03/19: 
I i i (("NEOPHYTOU") near3 ("Alexandros"))).INV. i PGPUB;: : i 11:03 : 
i 

1 1 
' USPAT ' ' i ' 

liL8 1144 ilreal ADJ2 time WITH (cosmetic OR make ADJ2 ilus- :loR ;ION :!2020/03/19; 
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i up) AND machine ADJ2 learning AND (neural i PGPUB;: l 11:04 
i I i ADJ2 network OR vector ADJ2 machine OR i USPAT i , l , 
I I I adversarial) ! ! ! l ! 

IIL9 !131 ! reference ADJ2 data WITH compress$4 ADJ2 l US- !DR jLJN I 2020/03/19! 
I I I representat$4 ! PGPUB;: i ! 11:04 i 
i i 1 ' USPAT ' ' i ' 

i[LlO ts i first ADJ2 neural ADJ2 network WITH algorithm : US- i□R tON : 2020/03M 
I I I SAME second ADJ2 neural ADJ2 network ! PGPUB;: i ! 11:04 i 
i i i ' USPAT ' ' i ' 
t,,,.-,.-,.-,.-,.-,.-,,,,,,.: ,.-,.-,.-,.-,.-,.-,.-,.-,,,,,,.: ,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,,.:,,,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,,.: ,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,,,.-,,.: ,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,,,,.:,,,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,.-,,.: 

3/19/2020 11:07:01 AM 
C:\Users\jparker4\Documents\EAST\Workspaces\16\16057566.wsp 
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the information in order to perform a contract. Recipients of information shall be required to comply with the 
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

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

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

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

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

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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::, .ii)Af,::c'}{I~ 
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Ji:s.1):7··,c;, 7 .t atn ,i)M. ,t- /- F i::.:tn. ::...: x. •:l i- i: 1 ~:-.,tJf't\H1·-0 i-th •; i<:, ~--" .-i-. -:., ·1-
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METHOD AND SYSTEM FOR CORRECTLt'IG GAZE OFFSET 

RELi\TED,~\.PPLlCATION 

. This application claims the benefit of priority from U.S. Patent Application No. 

5 61/348,269, filed May 26~ 2010, the conte.nts of which are incorporated by reforence as 

if fully set forth herein. 

FIELD i\NO BACKGROUND OFTHF..JNVENTION 

The present inve.ntion, in some embodiments thereof, relates to image processing 

10 and, mc.m:: particularly, but not exclusively, to a method and system for processing an 

image to ct)rrect gaze offset. 

15 

Videoconferencing systems hold the promise of allowing a natural interpersonal 

commu11ication at a range. Recent advances in video quality and the adaptation of large 

high definition screens are contributing to a more impressive user experience. 

Along with gestures and facial expression, gaze is one of the most importaut 

aspects of person's non~verbal behavior, and many socio-psychological studies have 

bee11 attest.ed to the importance of the gaze direction and visual contact as 

comrmmicative signals. In the case of conventional videoconforence systems, the 

arrangement of camera, monitor and user causes an angular error between the gaze 

20 direction tm.vards the monitor and the camera optical axis. As a re.suit, when the remote 

party is looking straight into the image of the local party, the gazes, as perceived by the 

two parties, are not coUinear. For example, when camera is located on top of the sere.en, 

the effect is interpreted as looking down. 

Several solutions_ have been: proposed to the problem of offset gaze in 

25 videoconferencing. One such solution employs a beam splitter bet\~·een c-. .amera and 

monitor. A partially transparent mirror is fitted in front of the monitor in such a way 

that the viewer cau see the monitor image through the mirror. .By means of this mirror, 

(he camera captures the viewer from the direction of the monitor, permitting recording 

and reproduction over one axis. 

30 Some techniques reproduce the image of the other party by a video projector on a 

projection screen. The camera can be located behind the projection screen and the 
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partfs image can be captured thruugh the sere.en by means of a window provided with a 

light valve or a partially transparent projection screen. 

Another technique employs view synthesis from multiple cameras. In one such 

technique, dynamic programming based disparity estimation is used to generate a middle 

5 view from two cameras that were positioned on the left and right sides of the screen [A. 

Criminisi, J. Shotton, A Blake, and P. H. S. Torr. Gaze manipulation for one-to-one 

teleconferencing. In TCCV, 2003]. 

In an additional technique, the images of participants are. rendered digitally in a 

virtual three-dimensional space, and a head-pose orientation and eye-gaze direction are 

10 digitally corrected as internal mathematical computations vvithout the need for a display 

device. The digitally corrected data are transmitted to a display screen so that a 

particular participant's image in the three-dimensional space appe.ars to other participants 

viewing the screen as if the particular participa11t w·as looking at them screen [see, e.g., 

Gemmell et al., 1'Gaze awareness for video-conferencing: A sofhvare approach," IEEE 

15 MultiMedia, 2000,. and U.S. Patent No. 6,806,898]. 

ln another technique, a gaze deviation value 1s de.tennined and used for 

calculating a c.,orresponding point of an input image corresponding to a particular 

. position in a corrected image. A pixel value at H1e corresponding point is calculated 

using the input image· from the camera. The gaze corrected image is transmitted by 

20 using the calculated pixel value as the pixel value of the particular position of the 

corrected image (U.S, Patent No. 6,677,980]. 

Also known is a region tilling technique in which the pupils of the other party in 

the image plane are segmented and displaced in the image plane, wherein areas which 

become free as a result of this displacement are filled-.in usiHg the color of the eyeballs 

25 (U.S. Patent No. 5,499,303], 

Additional background a:rl includes U.S. Patent Nos, 6,433,759 and 6,771,303. 

SUMMARY_ OF_THE INVENTION 

According to an aspect of some embodiments of the present invention there is 

30 provided a method of correcting gaze offset in an image of at least one individual having 

eyes. The method comprises; proc.-essi.ng the image to extract location of at least one eye 

over the irnage-, processing the image to replace imagery data associated with each · 
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location of each eye with replacement data thereby providing a corrected image, and 

transmitting the corrected unage to a display device. The replacement data is preferably 

previously-recorded imagery data which respectively correspond to the same eye but a 

different gaze: 

5 According to some embodiments of the invention the method comprises, prior to 

the extraction of the locations, capturing at least one image of each of the at least one 

individual at oue or more predetermined gazes, thereby providing the previously~ 

recorded data. 

According to some embodiments of the invention the method comprises 

10 processing the previously-recorded data so as to cumpute eye parameters wherein the 

replacing is based on the computed parameters. 

According to some embodiments of the invention the computation of the 

parameters is bootstrapped using a non-specific database of eye images. 

According to some embodiments of the invention the rnethnd wmprises applying 

15 a morphological transformation to the previously-recorded data according· to the 

parameters. 

According to some embodiments of the- invention the invention the method 

comprises v.ai-ying the parameters so as to optimize a predetermined objective function 

describing matching between the replacement data and images in the non~specific 

20 database. 

25 

According to so1ne ernbodiments of the inventimi the metl1od comprises varying 

the parameters so as to <.iptimize a predetennined objective function describing matching 

between the replacement data and the imagery data associated with foe location of the 

eye. 

According to some embodiments of the invention the method comprises., for each 

eye, determining whether an eyelid of the eye is dose or open, wherein the imagery data 

is replaced with the repfacemeut data only if the eyelid is open .. 

According to some embodiments <.)f the invention the method comprises, for each 

eye, determining a characteristic gaze direction of the eye, wherein the imagery data is 

30 .replaced with the replacement data only if the gaze direction is other than a 

predetermined gaze direction. 
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According to some embodiments of the invention the method comprises, 

processing the image to replace imagery data associated with each location of each eye 

with additional replacement data to provide at least one additional corrected image such 

that each crmected image is characterized by a different gaze, and transmitting each 

5 corrected image to a different display device. 

According lo some embodiments of the invention the method comprises for each 

eye, determining a drnracteristic gaze . direction of the eye, whe.rein the at least one 

additional corrected image is generated re.sponsive.ly to the determined characteristic 

gaze direction. 

10 According to an aspect of some embodiments of the present invention there is 

provided a computer software produ·ct, comprising a computer-readable medium in 

which program instrnctions are stored. The instructions, when read by a process.er, 

cause the processer to process the image so as to extract locations of at least one eye 

over the image, to provide a correcled image by replacing imagery data associated with 

15 each location of each eye with r-eplacement data and to transmit U1e corrected image to a 

display device. The replacement data are preferably previously-recorded imagery data 

respectively corresponding to the same eye but a different gaze. 

According to an aspect of some .embodimeuts of the present invention there is 

provided ,Hl imcJging system. The imaging system comprises: (a) a camera for capturing 

20 an image of at least one individual having eyes; and (b) a processer configured for: 

processing the image so as to extract locations of at least one eye over the image, 

processing the image to replace imagery data associated with each location of each eye 

· with replacement data, thereby providing a corrected image, and transmitting the 

corrected image to a display device. The replacement data are preferably being 

25 pre.viouslyyrecorded imagery data respectivdy corresponding to the same eye but a 

different gaze 

30 

According to some embodiments of the invention the previously-recorded 

imagery data are processed by the processor so as to compute eye parameters wherein 

the imagery data ate replaced based on the computed parameters. 

According to some embodiments of the invention the computation of the 

parameters is bootstrapped using an annotated non~specific database of eye images. 
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According to some embodiments of the invention the the prev.iously-recnrded 

data are transformed by the processor using a morphological transformation according to 

the parameters. 

According to some embodiments of the invention the parameters are varied by 

5 the processor so as to optimize a predetermined objective function describing matching 

between the replaced data and the replacement data. 

lO 

According to some embodime.nts of tlie invention the image is processed by the 

processor to determine whether an eyelid of the eye is dose or open, and wherein the 

imagery data is replaced with the :replaceme11t data only if the eyelid is open. 

According to some embodiments of the invention the image is processed by the 

processor to detem1ine a characteristic gaze direction of the eye wherein the imagery 

data is replaced with the replacement data only if the characteristic gaze direction is 

other than a predetermined gaze direction. 

Accmding w some embodiments of the invention the image is processed by the 

15 processor to replace imagery data associated with each location of each eye with 

additional replacement data to provide at least one additional corrected image, such that 

each corrected image is characterized by _ a different gaze, and transmitting each 

corrected image to a different display device, 

According to some embodiments-of the invention the image is processed by tl1e 

20 processor to determine a drnracte.ristic gaze direction of the eye, wherein the at least one 

·additional corrected image is generated respousjvely io the delemtined characteristic 

gaze direction. 

According to some embodiments of the invention the extraction of the locations 

comprises, for each eye: detecting eye corners, defining a region-of-interest based on the 

comers and scaling the region-of-interest to predetermined dimension. 

According to some embodiments of the invention the previously-recorded 

imagery data is stored in a computer-accessible specific database of imagery data., and 

wherein tlie replacement of the imagery data comprises seard1ing nver the specific 

database for the previously-recorded imagery data, 

30 According to some embodiments of the invention the search C4.)mprises 

comparing imagery data of the image with imagery data entries in the specific database, 
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determining a similarity level responsively to the comparison, and selecting the 

previously-recorded imagery data based on the similarity level. 

According to some embodiments of the invention the image is a frame of a video 

stream. 

According to some embodiments of the invention the replacement data are 

selected from a specific database according to an optimization procedure which 

comprises a first objective function for reducing differences between the replacement 

data and replacement data of a previous frame, and a sewnd objective function for 

reducing differences between t11e replacement data and replacement data of a frame 

10 immediately following an eyelid opening of the, respective eye, 

Unless otherwise defined, all technical an<l/or scientific terms used herein have, 

the, same meaning as commonly understood by one of ordinary skill ln the art to which 

the invention pertains. Although methods and materials similar or equivalent to those 

described herein can be used in the practice or testing of embodiments of the invention, 

15 exemplary methods and/or materials are described below. In case of conflict, the patent 

specification, including definitions, will control. In addition, the materials, methods, and 

examples are illustrative only and are not intended .to be necessarily limiting, 

Implementation of the method and/or syste:m of embodiments of the invention 

can involve performing or completing selected tasks manually, automatically, or a 

20 combination thereof, Moreover, according to actual instrumentation and equipment of 

embodiments of the met11od and/or system of the invention, several selected tasks could 

be implemented by hardware, by software or by firmware or by a combination thereof 

usiug an operating system. 

For example, hardware for performing selected tasks according to embodiments 

25 of the invention could be implemented as a cbip or a circuit, As software, selected tasks 

according to embodiments of the invention could be implemented as a plurality of 

sofr.,'l''are instructions bei.ug executed by a computer using any suitable operating system. 

In an exemplary embodiment of the invention, one or more tasks according to exe.mplary 

embodiments of method and/or system as described hel"ein are performed by a data 

30 processor, such as a computing platform for executing a plurality of instructions. 

Optionally, the data processor includes a volatile memory for storing instructions and/or 

data and/or a non-volatile storage, for example, a magnetic bard-disk and/or removable 
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me.dia, for storing instructions and/or data, Optionally, a netv,mrk connection is prov.ided 

as well. A display and/or a user input device such as a keyboard or n:1ouse are. optionally 

provided as ',\'ell. 

5 BRIEF DESCRIPTION OF Tl~.DRA WINGS 

Some embodiments of the invention are herein described, by ,vay of example 

only, with reference to the accompanying drawings and images. With specific reference 

now to the drawings in detail, it is stressed that the particulars shown are by way of · 

example and for purposes of illustrative discussion of embodiments of the invention. In 

IO this regard, the description taken with the drawings makes apparent to those skilled in 

the art how embodiments of the invention .rnay be practiced. 

In the drnwings: 

FIG. 1 is a flowchart diagram of a method suitable for correcting gaze offset in 

an image of one or more individuals, according to various exemplary embodiments of 

15 the present invention; 

20 

25 

30 

FIGs. 2A-D are schematic iUustrations of image!y data representing an offset 

gaze (FIGs. 2A and 2C) and replacement imagery data representing a corrected gaze 

(FIGs. 2B and 2D), according to various exemplary embodiments of the present 

invention; 

Fl Gs. 2E-G are schematic illustrations of embodiments of the invention in \.vhich 

gaze correction is used for multilateral conferencing; 

FIG. 3 is a flowchart diagram of a method suitable for correcting gaze offset in 

an optional embodiment of the invention in which the method .also captures the 

replacement data; 

FIG. 4 is a flowchart diagram of a meth9d suitable for correctfog gaze offset in 
. . 

embodimemts of the invention in which the method comprises one or more additional 

optional operations; 

HG. 5 is a scllematic: illustration of a representative eye model, according to 

some embodiments of the present invention; 

FIG. 6 is a flowchart diagram illustrating a procedure suitable for extracting the 

locations of an eye an image, according to some embodiments of t11e present invention; 
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FIG. 7is a flowchart diagram illustrating a procedure suitable for constructing an 

annotated specific database, according to some embodiments of the present invention; 

FIG. 8 is a schematic illustration of an imaging system 80, according to various 

exemplary embodiments of the present invention; 

5 FJGs. 9A-D shows four images of tvm individuals capturnd during experiments 

performed according to some embodiments of the present invention; 

FIGs. l0A-D show samples of successful (FIGs. lOA-C) and unsu.ccessful (FIG. 

10D) facial feature points detection obtained by eye comer localization, according to 

some embodime.nts of the present invention; 

.10 FIGs. 1 lA-F show initially fitted model (red) and refined model obtained by a 

search procedure (green) as obtained in experiments performed accOJ"ding to some 

embodiments of the present invention; 

FIGs. 12A-D show the effect of combined optimization procedure, according to 

various exemplary embodiments of the preset1t invention; 

15 FlGs. 13A-D demonstrates an eye replacement procedure employed in 

experiments performed ac--cording to some embodiments of the present invention; and 

FIG. 14 shows severa.l .frames from some of the ·video sequences processed in 

experiments performed according to some embodiments of the present invention. 

20 DESCRIPTION _OF SPECIFIC EMBODIMENTS OF THE INVENTION 

The present invention, in some embodiments thereof, relates to image processing 

and, more particularly, but not exclusively, to a method and system for processing an 

image t.o <..'orrect gaze 9ffset 

Before explaining at least one embodiment of the inve.ntion in detail, it is to be 

25 understood that the invention is not necessarily limited in its application to the details of 

constrnction and the arrangement of the components and/or methods set forth in the 

following description and/or illustrated in the drawings and/or the Examples. The 

invention is capable of other embodiments or of being practice,d or carried out in various 

30 

ways, 

FIGS. 1, 3 and 4 are flowchart diagrams of a melhod suitable for correcting gaze 

offset in an image of one or more individuals, according to various exemplary 

embodiments of the present mvention. 
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Computer programs implementing the method of this invention can commonly 

be distributed to users on a distributkin medium such as, but not limited to, a floppy 

disk, a CD-ROM, a t1ash memory device and ·a portable hard drive. From the 

distribution medium, the computer programs can be copied to a hard disk or a similar 

S intermediate storage medium. The. computer programs can be run · by loading the 

computer instn1ctions either from their distribution medium or their intem1ediat.e storage · 

medium into the execution memory of t11e computer, configuring the computer to act in 

accordance with the method of this invention. AH these operations a.re well~kno'>vn to 

those skilled in the. art of computer systems. 

10 The method of the present embodiments can be embodied in many fonus. For 

example; it can be embodied in on a tangible medium such as a' computer for performing 

the. method steps. It can he embodied on a computer readable medium, c.omprising 

computer readable instructions fur carrying out the method operations... In can also be 

embodied in electronic device having digital <'-Omputer capabilities arranged to nm the 

15 computer program on the tangible medium 01" execute the instruction on a computer 

readable medium. 

It is to be understood that, unless otherwise defined, the operations described 

hereinhelo\v can be executed either contemporaneously or sequentially m many 

combinations or orders ·of execution. Specifically, the ordering of the. flowchart 

20 diagrams is not to be considered as limiting, For ex.ample, two or more openttions, 

_appearing in the follqwing description or in the flowchart diagrams .in a particular order, 

can be executed in a different order (e.g., a reverse order) or substantially 

contemporaneously. Additioually, several operations described below are optional and 

may not be executed, 

25 The image is in the fonn of imagery data arranged grid,vise in a plurality of 

picture-elements (e.g., pixels, group of pixels, etc-), 

The term "pixeln is sometimes abbreviated herein to indicate a picture~elemenL 

However, this is not intended tn limit the meaning of the tenn upicture~element" which 

refers to a unit of the composition of an image. 

30 References to an "image" herein are, inter alia., references to values at picture-

ekments treated collectively as an array. Thus, the terrn "image" as used herein also 

encompasses a mathematical object which does not necessarily correspond to a physical 
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object. The original and processed images certainly do correspond to physical objects 

,vhich are the sce11e from which the imagfog data are acquired, The scene preferably 

includes one or more faces of individuals .. In any event, the scene includes the. eyes of 

the individuals. 

In various exemplary embodiments of the itwention the 1nethod of the present 

embodimenl,; analyzes a stream of imaging data. The stream can be in the form of a 

series of images or a serie..'i of batches of images captured at a rate which is selected so 

as to provide sufficient information to allow spatial as well as time-dependent analysis, 

For example, the images can be. acquired by a video camera. A single image in a stream 

10 of images such as a video stream is referred to as a frame. 

The picture-elements of the images are associated with intensity values 

preferably, but not necessarily, at different colors. 

Ideally, the input to the method is the amount of light as a fmiction · of the 

wavelength of the light at each point of a scene. This ideal input is rarely attainable in 

15 practical systems, Therefore, the scope of the present embodiments includes the 

processing of a sampled version of the scene. Specifically, the input to the method of 

the present embodiments is digital signals resolvable to discrete intensity values at each 

pixel over the grid .. Thus, the grid samples the scene, and the discrete intensity values 

sample the amount of light The update rate of the jmages in the stream provides an 

20 additional sampling in the ti.me domain. 

Each pixel in the image can he associated "vith a single intensity value, in which 

case the image is a grayscale image. Alternatively and preferably, each pixel is 

associated with three or more intensity values sampling the amount of light at three or 

more differei1t color channels (e.g., red, green and blue) in which case the image is a 

25 color image., Also contemplated are images in which each pixel is associated with a 

mautissa for each color channels and a a.,mmon exponent (e.g., the so-called RGBE 

format). Such images are known as 01 high dyuarriic rauge" images. 

The method of the present embodime11ts corrects a gaze offset in an image using 

previously-recorded imagery data which correspond to other image or images. He.rein, 

30 the image in which the gaze offset is to be corrected is refoned to as the "image 100," 

and the image corresponding to the previously-recorded imagery data is referred to as 

''image 50." Oftentimes, for clarity of presentation, the. terms "currently processed 
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image" or "original image" wm be used instead of ''image 100," and "replacement 

image" will be used instead of "image 50, '' 

Referring nov./ to HG. 1, the method begins at 10 and continues to 11 at which 

image 100 is processed to extract locations of one or more of the eyes over image 100 .. 

5 The locations of the eyes ca11 be extracted using any kno\vu image processing technique 

for automatic extraction of features from an image. A preferred technique for extracting 

the locations of the eyes according to some embodiments of the present invention is 

described hereinunder with reference to FIG. 6. 

The method proceeds to 12 at which image 100 is processed to replace imagery 

10 data associated_ with each location of each e.ye with replacement data, The replacement 

data includes previously~recorded imagery data respectively corresponding to the same 

eye of the same individual but.at a different gaze. In various exemplary embodiments of 

the invention the gaze characterizing the replacement data is a frmvard gaze, while the 

gaze characterizing the replaced data is offset with respect to the forv.1ard gaze .. 

15 The situation is illustrated in FIGS. 2A~D. FIG. 2A inustrates a .front view of an 

eye 20 at a particular gaze. In the schematic illustration of the FIG .. 2A the gaze is 

directed downward. The gaze direction is defined as the optical axis of the eye, namely 

· a straight line connecting tlle re.dna's macula and the optical center of the cornea. The 

gaze. direction is better shown in FIG. 2C which illustrates a side view of eye 20. As 

20 shown, gaze direction 22 is directed downward at an angle a., relative to the horizontal 

direction. FIGS. 2B and 2D illustrate a front view (FIG. 2B) and a side vie\\-' (FIG. 2D) 

of the same eye 20 at a gaze direction 24, which is different from gaze direction 22. In 

t.he illustrations of FIGS, 2B and 2D the gaze is directed fonvardly along the horizontal 

direction. Thus, FIG. 2A (or FrG. 2C) represents the imagery data of the original image 

25 (image 100) and FIG. 2B (or FIG. 2D) represents the respective replacement data. The 

image corresponding to the replacement data is designated .50 in FIGS. 2B and 2D. 

Typically, image 100 includes a fwnt view ·of the eyes, but tlle use of the method 

of the present embodiments for non-frontal views (e.g., side view images) is not 

exd-uded from the scope of tbe present invention. It is to be understood that although 

30 FIGS. 2A-D illustrate a situation in which a dov.'lPNard gaze is replaced With a forward 

gaze, this need not necessarily be the case, since the original image may includes a gaze 

directed to another direction (e.g., upward or to the sides). Furtbennore, for some 
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application it may be desired to have replacement data that correspond to a non-forward 

gaze. In various exemplary embodiments of the invention the gaze in the replacement 

data is substantially collinear with the optical axis of the imaging device !lmt captures 

the eyes. 

5 · Typically, the replacement data are stored on a compute.r readable medium as a 

computer•accessible specific database of imagery data, and the method accesses the 

database for obtaining lhe replacement data, The database is 11spedfic'' in the sense that 

it includes images (or imagery data representing images) of the eye,:5 of the same 

individual(s) that appear in the c1.mentJy processed image (image .100). 

rn The data in the specific database is preferably in a digital form. Optionally and 

preferably, the- specific database includes data pertaining to several images of each eye, 

and the method searches the specific database for replacement data that best matches· the 

eyes in image 100. Once the respective imagery data in image 100 is replaced '-Yith the. 

replacemellt data, a corrected image is fom1cd. 

15 The term "corrected image" refers to an image in which the gaze of at least one 

eye in the image. differs from the gaze of the same eye at the. time of image capture. 

The replacement.of the data may optionally include one or more of the following 

operations: artificial enlargement of the eyes (e.g .• hy a factor of 5•15%), adjustlnent of 

image illumination all<l application of a processes kuown as "foatherbgu particularly to 

20 the border ot the replacement image. A preferred procedure for replacing the data in the 

original image with the replacement data is provided in the Examples section that 

follows. Optionally, tv-.ro or more corrected images, each characterized by a different 

gaze direction, are formed. This embodiment is particularly useful, for example, .for 

multilateral videoconferencing as further detailed hereinafter. 

25 The method continues to 14 at which the corrected image is transmitted to a 

display device. The transmission is typically over a comunmicatiou network to a remote 

location in which a remote display device receives the corrected image and displays it, 

When more than one corrected image is formed, each corrected image can be transmitted 

to a different display device. 

30 The method ends at 15. 

· Before providing a further detailed description of the system and method for 

correcting gaze offset, as delineated hereinahove and in accordance with the present 
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embodirnenLq, attention will be given to the advantages and potential applications 

offered thereby. 

The system and method of the present embodiments are particularly useful in 

videoconferencing wherein the gaze of a given participant in the videoconference is 

5 corrected .according to some embodiments of the present invention so as to provide the 

other participants ·with a natural vie-w of the given partidpant. The syste.rn and method 

can be used in bilateral as weU as muHilateral_videoconforcncing. 

For bilateral videoc.onferencing, the system and method preferably correct the 

gaze of the local participant such that the remote participant receives a view of the local 

10 participant as if he or she were looking into the camera, namely by correcting the gaze to 

a direction that is collinear with the optical axis of the camera. 

For multilateral videoconferencing, the system and method preferably provide,s 

more than one gaze corrected images of the local participant. The situatfrm is better 

explained ,-..,ith reference to FIGS. 2E--G. Consider a videoconferencing with three 

15 participants Pl, P2 and P3. In FlG. 2E, participant Pl is local (seen from the back) and 

participants P2 and P2 are situated at re.mote locations. Images nf Pl and P2 are 

transmitted to one or more display devices -..vhic.h are viewed by Pl. FIG. 2E is similar 

to FIG. 2E except that P2 is local (seen from the back) and is ,,riewing images of P2 and 

P3 which are situated at remote locations. FIG. 2F is ah;o similar to FIG. 2E except that 

20 P3 is local and_ is viewing images of remote participants Pl and P2. 

Referring to FIG. 28, suppose !hat P1 is looking at P2 a.long gaze direction 22, 

In this case, the system and :method according to some embodiments of the present 

invent.ion generate two gaze corrected images of Pl. In the first corrected image, P1 is 

se.en as if he or she were looking into the camera. This corrected_image is transmitted to 

P2's location, as illustrated in FIG. 2F where the first wrrected gaze of Pl is indicated 

by arrow 24a.. Iu the second corrected image, Pl is seen as if he or she were looking 

leftward, This currected image is transmitted to P3, as 1Um:tratcd in FIG. 2G, \vhere the 

second corrected gaze of Pl is indicated by anow 24b. As shov.rn in FIG. 2G, Pl is seen 

to P3 as if he or she were looking in the direction of P2, thus creating an musion of a 

30 face tu face meeting. 

The method and system of the present embodiments can also produces images of 

a virtual conference mom and transmit them to tJ1e display devices of the participants, 
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The virtual conference room can include images of participants aud optioually also 

three~dimensional mode.Is of computer graphics representing, for example, a table and 

the inside of the -conference room. Preferably, when each participant is arranged at its 

respective position in the virtual confe.rence. room, each participant sees the virtual 

5 conference room from a location at which the participant is arranged. Accordingly, the 

image of the virtual conference room which is viewe.d by each participant on its display 

is different among the different conference. displays, 

The method and system of the present embodiments can be used for correcting 

images of one of the participants, e.g., locally via a data processor which can be located 

10 · anywhere but is typic.ally located at the respective participant's location, or they can he 

employed for correcting images of more tlHm one participant, preferably all the 

participants via a central data processor. 

When the method and system are employed for correcting images of more than 

one of the participants, non¥c.orrected images as well as specific databases can be 

15 transmitted to a central location to allow the method and/or system generating the 

corrected images of two or more (e.g., all) participants at the central location, and 

distribute them among the r.onference display devices, The central location can be a 

location which is remote with respect to all partk.ipants, or it can be the location of one 

of the participants (and remote with respect to all other participants). 

20 FIG. 3 illustrates·· the method in an ·optional embodiment of the invention in 

which the method also captures the replacement data. In this embodiment, the method 

begins at 10 and continues to 31 at which one or more images of each of the individuals 

are captured at a one or more predetermine.d gazes, for. example, a forward gaze, a 

side\:vard gaze and a gaze having a gaze direction which is substantially coJlinear with 

25 the optical axis of tbe imaging device that captures tbe eyes. The images of the eyes 

captured at 31 are nsed as replacement data. 

The .method optionally and preferably proceeds to 32 at which the captured 

.replacement data is stored in a computer readable medium so as to 'fonn a computer~ 

accessible specific <lat.abase. A preferred procedure for constructing a. computer-

30 accessible specific database according to some embodiments of the present invention is 

provided hereinunder with reference to FlG. 7, At 33 the method receives image 100. 

From 33 the method continues 11, 12_, 14 and 15as forther detailed hereinabove .. 
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FIG. 4 illustrates the method in embodiments of the invention in which one or 

more additional oplional operations are employed. 

The method begins at 10 and optionally and preferably continues to 31 at which 

one 6r more images of each of the individuals are captured at one or more predetermined 

5 gaze~<; to form replacement data, and 32 at which the replacement data is stored to form a 

specific database as further detailed hereinabove. Optionally, the imagery data recorded 

at 31 is processed so as to compute eye parameters cbaracte.rizi.ng the eyes represented 

by the data. The eye parameters are preferably also stored in the specific database such 

as to form an annotated specific database, wherein each image in the database is 

10 aunotaled by a respective set of parameters. 

The eye parameters can be computed according to a predetermined eye model. 

Representative examples of eye parameters . suitable for the present embodiments 

include, but are 11ot limited to, the location of the center of the eye relative to one of the 

C()rners of the eye, the location of a corner of the eye relative to another corner of the 

15 eye, orientation of the eye; width of the eye, height of the eye, above a Jine connecting 

the comers of the eye, height of lhe eye below the line connecting the corners of the eye, 
.. 

parameters defining one or more curved sections (e.g., parabola, hyperbola, ellipsis) 

conjointly modeling the boundary of the eye. the radius of the iris, etc. 

A representative nonNlimiting example of an eye model suitable for the present 

20 emhodiments is illustrated in F[G, 5. A rectangle system of coordinate is defined over 

an image 50 which includes eye 20,. such that the axes x and y of the system are parallel 

lo the image gridlines (not shown) and the origin 0(0, 0) is defined at one of the comers 

of tl1e eye (the leftmost comer in the present example.). The antipodal comer (the 

rightmost corner in the present example) is marked A, and the straight line segment 

25 connecting the twn corners is referred to llereinbelow as the OA line se.1,,>tnenL The eye 

model defines the shape of the imaged eye in terms of six parameters: the center (Xe, 

Ye) of the eye. (middle point of QA), the width w of the eye (length of OA), a first height 

h1 measured perpendicularly to and above OA, a second height h2 meas1.lred 

perpendicularly to and below OA; and an angle 0 describing the orientation of OA 

30 (measured anticlockwise re.lative to the x direction in the present example). 

Also contemplated is the. use of one or more of the eye model parameters 

described .in the literature [ see, for example, Yuille et al. "Feature extract.ion from faces 
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using deformable templates," International Journal of Computer Vision, 8:2, 99-111 

(1992), and Tian et al., ''Dual~state parametric eye tracking," in Automatic Face and 

Gesture Recognition, ·pages 110-115(2000), the contents of which are hereby 

incorporated by reference]. 

The characterizatiou of the replacement data using the eye model parameters can 

serve for t'Dmparing the respective data in the currently processed image (image 100) 

with the replacement data (e.g .• the eyes in the specific database). 

At 33 the method receives image 100 for processing and at 11 the method 

extracts the. locations of the eyes over image 100 as described above and further de-tailed 

10 hereinunder with reference to FIG. 6. The metbo<l optionally contim1e.s to de.dsion 42 at 

which the method determines whether or not the eyelid 26 of eye 20 is dose or open, In 

other words, at 42 the method attempts to determine whether or not the individual(s) in 

image 100 is in a blink state. The detenniuation can be based on the results of extraction 

11. For example, the method can determine that the eyelid is close ,vl,en the method 

15 fails to identify t11e eye in image 100 (i.e., when the extraction of eye's location fails) and 

that the eyelid is open when the eye is identified (i,e,, when the extraction of eye's 

location is successful). 

lf the eyelid is close, the method loops back to 33, waits to receive another image 

for pmcessing (e.g,, the successive frame of the video stream) and continues thereafter 

20 to 11. Jf the eyelid is open, the method optionaHy continue.s to decision 44 at which the 

· metJ1od determines .a characteristic gaze direction of the eye and decides, based on the 

chat'dcteristic gaze, whethe.r or not there is a gaze offset A gaze offse.t is defined as a 

gaze having a direction other than a predetermined gaz,e direction. Pre.ferably the. 

predetermined gaze direction is collinear with the optical axis of the imaging device that 

25 captu.red image 100. 

If tl1e method identifies that the gaze is generally at the predet.em1ined gaze 

direction (i.e., there is no gaze offset) the method loops back to 33, waits to receive 

another image for processing (e.g, the successive frame of the video stream) and 

continues thereafter toll, If the method determines that the gaze direction snbstantiaUy 

30 deviates from the predetermined gaze direction (for example, deviation of more than Y') 

a gaze offset is identifjed and the method optionally continues to 45. 
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The gaze direction can be determined by any technique knov,m in the art. In 

some embodiments of the present invention, a machine-learning procedure is used. The 

machine-learning procedure can be trained, pre.ferably prior to the execution of the 

method, on a collection of training images each being annotated with a gaze direction, to 

5 provide a trained gaze dirnction classifier. Once trained, the gaze direction dassifie.r can 

be applied to the previously-recorded data (image SO) to thereby extract the gaze 

direction d1aracterizing image 50. Since image 50 corresponds to the desired gaze 

direction, the gaze direction as obtained by the classifier from image 50 can be used as 

the predetermined gaze direc.tion for the purpose of decision 44. 

10 In embodiments in which a specific database is employed, the classifie.r is 

preferably applied to all images in the specific database to obtain a range of gaze 

directions characterizing the database. In operation; the classifier is applied to image 

100 (or some region··Of-interest thereof) to obtain the gaze direction of image 100. If the 

gaze direction of in1age 100 is not within the ranged characterizing the specific database, 

15 the method determines that there is a gaze offset. Otllerwise, the- method detennines that 

there is no gaze offset. . 

At 45 the eye parameters of image 100 are computed. In embodiments in which 

the replacement data (image 50) is processed to compute eye parameters, the 

computations of parameters for the currently processed image (image 100) are 

20 preferably according to the same eye model that is used for computing the parameters 

for image 50. For example, when a six-parameter eye model (e.g~, the model illustrated 

in FIG. 5) is used for characterizing ima1:,re 50, the. same six-parameter eye mode.I is used 

for characterizing the eyes in image 100. 

The parameters as computed at 45 can also be used for det.ennining whether or 

not the eyelid is open. In these. embodiments, 45 is executed before decision 42 and the 

dedsiou at 42 is by imposing a predetermined set of criteria to the <.ximputed parame~ers. 

For example, when the parameters indudes one or ·more height parameters measured 

perpendicularly to the. straight line connecting the come-rs of the eyes (e.g,, the 

aforementioned heights h1 and hz) the method can detennine that the eyelid is close 

30 \•.rhe.n the value of each of the height parameters is below a predetermined threshold or 

when the sum of t\vo or more height parameters is beluw a pre.determined threshold. A 

suitable threshold for this embodiment of the invention is about 5 pixels or about 4 
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pixels or about 3 pixels or about 2 pixels. In some embodiments of the present invention 

the method determines that the eyelid is dose .when bqth h1 and h2 are less than 2 pixels, 

The method optionally continues to 46 at which the computer-accessible specific 

database is searched for replacement data that matches the eyes in image 100. 

5 Typically, such search includes comparison between the itnagery data of image 100 with 

imagery data entries in the database and determination of a similarity level responsively 

to .the comparison. The replacement data can then be selected based on the calculated 

similarity level. Typically, the data with highest similarity level is selected. 

Any type of similarity measure c-.an be employed for calculating the similarity 

1.0 level during the comparison. ln some embodiments of the present invention normalized 

cross correlation is used. 

The cornparisi1n can also be done in terms of the computed eye model 

parameters, wherein the eye model parameters as computed for image 100 are compared 

with the eye parameters a.5 (..,)mpute.d for image 50. ln these embodiments, the search 

15 . over the specific database is performed in a multidimensional space spanned by the eye­

model parameters. For example, when an n-paran1ekr eye model is employed, the 

search is conducted in an n-dimensional space. 

The method optionally continues to 47 at which a morphological transformation 

is applied to the replacement data according to the eye model parameters. This 

20 transformation is preferably executed so as to rescale image 50 tn fit the eye in image. 

100. The transformation can include m1y of: translation, rotation, stretching and 

shrinking. For example, when the six~parametcr eye model of FIG. 5 is used (bolh for 

image 50 and image 100), the center can be sl)ifted by the differences in the respective 

Xe and Ye values, the \Vidth w can be scaled by the ratio of the respective w values, the 

25 regions above and bekiw the OA line segmentcan be stretched or shrunk in accordance 

with the respective h1 and h2 values, and the e11tire replacement eye .image can be rotated 

by the difference in the respective 0 values. The transformation can alsn be part of the 

search over the database, Specifically, the transformation can be applied to each 

candidate e.ye in the. database and the comparison can be made between the 

30 morphologic.ally transforrne.d candidate eye and the eye of the currently processed 

image. 

Microsoft Exhibit 1002 - Page 85 
Microsoft Corporation v. RealD Spark, LLC 
IPR2023-01046 - U.S. Patent No. 10,740,985



\\t'O 20U/l483.fi6 PCT/IUOl l/000334 

19 
When image JOO is a frame of a video stream, the search for best matching eyes 

in the database can also be based on the results of previous searches. For example, the 

replacemeut data of the previous frame can be used as the initial guess for a candidate in 

the current frame, This initial guess can be refined, preforably by conducting a further 

5 search in the database, so as to obtain a better match. The search can include a 

combiued optimization procedure which comprises a first objective function for 

reduc.i11g differences betwee.n the replacen1ent data and replacement data of the previous 

frame and a second objective function for reducing differences bet\-veen the re.piacemeut 

data and replacement data of a frame. immediately following an eyelid opening. The 

10 present inventors discovered that such combined optimization procedure reduces drift 

over time and accumulation of tracking errnrs. This embodiment is particularly useful 

for preventing the eye to gradually shrink. For the first and second objective functions, 

any statistic:al moment can be used, such as, but not limited to, sum of . squared . 

differences. 

15 The method optionally continues to 48 at \Vhich the parameters of the eye in 

image 50 (the replacement data) are varied so as to optimize a predetermined objective 

fonction (e.g.,. normalized cross correlation) describing matching between the eye i11 

image 100 and the eye in image 50. The method c-.ontfoues to 49 at which, imagery data 

associated with each location of each eye is replaced with the matched, and optionally 

20 varied, replacement data, to provide a corrected image, 

Optionally, more than one corrected image is formed, where e.ach corrected 

image is characterized by a different gaze, The gaze of each corrected image can be 

selected responsively to the gaze as determined (e.g., using the trained classifier) for the 

original image. For example, ,vhe.n the method is employed .for multilateral 

25 videoconierendng, the gaze of the original image can be analyzed to determine. to which 

of the participants on the local display eyes 20 arc directed. Then, for each of the 

displayed participants, a corrected image with a different gaze is Jom1ed, e.g., a 

corrected image with a for~vard gaze for the looked~at participant, and a corrected iqiage 

with a sideward gaze lo the other participants, as explained hereinahove and exemplified 

30 in FIGS, 2E-G. 

The method continues to 14 at which the corrected image or images is 

transmitted to a display device or display devices, as further detailed·hereinabove. 
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The method ends at 15. 

PCTJll,2011/000334 

Reference is now made to FIG. 6 which is a flowchart diagram illustrating a 

procedure suitable. for extracting the locations of an eye an image, according to some 

· embodiments of the present invention. T'he procedure is particularly useful for 

5 extracting the locations of the eyes in image 100 m image 50. Tlms, the procedure can 

be 1.1sed for executing operation 11 of the embodiments descr1bed with reference to 

FIGS. 1, 3 and 4. 

The procedure begins at 60 and continues to 61 at which the corners of the eye 

· (see points O and A in FIG. 5) are detected. This t-.an be done using any image 

:IO proce.ssing technique knov.'ll in the art. In some embodiments of the. present invention 

the procedure employs the technique disclose.d in Everingham et uL, "'Hello! My name. 

is ... Buffy' - automatic naming of characters in TV video," In HMVC, 2006, the contents 

of which are hereby incorporated by re.femm: .. -e, or some variant thereof. 

The procedure continues to 62 at which a region-of-h1terest is defined using the 

15 two detected corners. In various exemplary embodiments of the invention a rectangular 

region-of-interest is defined. For example, the region-of-interest can be a rectangle 

whose width approximately equals or slightly above the distance w between the two 

corners (see FIG .. 5) and height is less than the w. In experiments performed by the 

pre.s;;ent inventors a rectangular region-of-interest having dimensions of L2wx0.6w \Vas 

20 used. The region-of-interest was defined such that the OA line segment (see FIG. 5) 

passed through the center of the rectangle parallel to its longest dimension. Other 

shapes, dimensions, and relative locations of the region-of-interest are not excluded from 

the scope of the present hwention. 

The procedure continues to 63 at which the re.gion-of--interest is scaled to 

25 predetermined dimensions. ln the experiments performed b.y the present inventors, the 

rectangular region-of-inte.rest was scaled to an image of 120x80 pixels. Other scaling 

schemes are not excluded from the scope of the present invention, 

The procedure ends at 64. 

Reference is now made to FIG. 7 which is a fiowchart diagram illustrating a 

30 procedure suitable for constructing a specific database, according to some embodiments 

of the present invention. The procedure can be used for executing nperations 31 and 32 

nf the embodiments described with reference. to FIGS. 3 and 4. 
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The procedure begins at 70 and mntinues to 71 at which a set of images are 

captured for at least one individual at one or more predetermined gazes. The gaze(s) can 

. be a forward gaze, a side.ward gaze, a gaze ha•.iing a gaze direction \.vhich is substantially 

collinear with the optical axis of the imaging devic.e that captures indivi<lual(s) etc. The. 

5 following operatkms are preferably performed for each image in the set 

10 

The procedure continues to 72 at which the location of each eye is extracted from 

the respective image of the set This is pre.forab!y executed by means of the procedure 

described above with reference to FIG. 6. Thus, eye cnrners are detected and region-of­

inte.rests are define.d and scaled as further detailed hereinabove. 

The procedure then continues to 73 at which the respective image is processed so 

as to extract image features pertaining to the eyes in the image.. The image features can 

be extracted in more than one. For example, in some embodiments, a Scale~Invariant 

Feature Transform (SIFT) representation is emplnyed. This representation is known in 

the art and is found, e.g., in U.S. Patent No. US Patent 6,711,293, the contents of which 

15 are hereby incorporated by refere.uce. 

While the embodiments below are described with a particular emphasis to the 

SIFT representation, it is to be understood that more detailed reforem .. -e to SJFf is not to 

be interpreted as limiting the scope of the invention in any way, and that other 

represe11tations, including, without limitation, gray values in the regionftof--intcrest, are 

20 not excluded. Also coutemplated are combinations of representations for better 

accuracy .. 

The SIFI' descriptors can be computed over a dense grid for the scaled rcgion-of­

interest. In expedments performed hy the present inventors, a fo<4 grid was employed, 

bnt other grid densities are not excluded from the scope of the present invention. Once 

25 all tllt: SIFT descriptors are computed, they are preferably concatenated into a vector. 

At 74 the extracted features (e,g., the vector of SIFT descriptors) are fed to a 

machine le,uning algorithm for computing approximated eye parameters according to a 

predetermined eye model, such as the aforementioned six-parameter model or any eye 

model knmvn in the art. In various exemplary embodiments of the invention the 

30 computatit:m of approximated eye parameters is bootstrapped by means of an annotated · 

non-specific database of imagery data. The database is "nou-specific" in the sense that it 

indudes images (or imagery data representing images) of eyes of several individuals 
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which are not necessarily the individua!(s) which are imaged at 71. Preferably, the non­

specific database includes images (or imagery data representing images) of eyes of at 

least one or at least two or at least three or at least four or at least five individuals other 

than the individuals that appear in the set of images. The non-specific database is. 

5 "annotated" in the sense that. e.ach image in the nonyspecific database is associated with a 

10 

set of eye-parameters that define, preferably uniquely, the eye in that image. In 

. experiments perfonned by the present invenil)rs, a non-specific annotated database of 

approximately 200 images of 14 different individuals was used, but other sizes of non~ 

specific database are not excluded from the scope of the present invention. 

Let i be some image captured at 71. The machine learning algorithm accesses 

the annotated non-specific database and compares the features (as extracte.d at 73) of 

image i to features in the images of the nonyspecific database. Based on this 

comparison, the machine learning algorithm computes the _approximated eye parameters 

o.f image i. In various exemplary embodiments of the invention the procedure selects 

15 from the nonyspedfic database an image .f •.vhich best matches image i, 

Any type of machine learning algorithm can be used. Preferably, the machine 

learning algodt11m .features supervised learning. Representative exampks of machine 

learning algorithm suitable for the prese.nt embodiments .include, without limitation, 

_support vector machine (SVM) regression, uearest neighbor classifier and the like, 

20 These types of machine learning algorithms are knm.vn in the· arl and are found, e.g., in 

U.S. Patent Nos. 6,892,193 and 6,134,344 and U.S. Published Application No. 

20080187213, the contents of which are he.reby incorporated hy rnference. 

The procedure then continues to 76 at which the parameters are varied so as to 

optimize a predetermined objective function (e.g., normalized cross correlatioll) 

25 describing matching between the respective image of the set (captured at 71) and the 

images in the nmHspecific database.. In various exemplary embodiments of the 

inventi6n the objective function describes matching between image i t)f the set and 

image j of the non~spedfic database. This operation is preferably preced_ed by a 

morphological trnnsformation 75 selected so as to rescale image j to fit image £. The 

30 morphological transformation is preferably applied according to the eye model 

parameters, as further detailed hcreinabove, 

The procedure emls at 77. 
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Reference .is now made to FIG. 8 which is a schematic illustration of an .imaging 

system 80, according to various exemplary embodiments of the. present invention. 

System 80 comprises a camera 82 for capturing an image of at least one individual 84 

having eyes 20, and a processer 86 configured for processing the i.mage so as to extract 

5 locations of the eyes over the image and replace imagery data associated with each 

location of each eye with replacement data as further detailed hereinabove. Processor 86 

can also be configured for transmitting the corrected image to a remote display device 

(not shown). System 80 can also include a local display device or monitor 90 for 

· presenting individual 84 with a view of an image of another individual (not shov,rn) at a 

· .10 remote location. In one application of system 80, camera 82 captures an image or a 

stream of images of individual 84 while he or she is looking 1nto monitor 90. Since 

individual 84 is looking into monitor 90 a11d not camera 82, there is a gaze offset in the 

captu.red image or images. Processor 86 correct,; H1e gaze offset and transmits the 

correc.ted image(s) to one or more remote display devices, In the corrected image(s), 

15 individual 84 is seen as if he or she were looking into camera 82 (e.g, at a. forward 

gaze), or as if he or she were looking at another participant. In some embodiments of • 

the present invention, system 80 construct<, a computer-accessible specific database of 

replacement imagery data. 1n these embodiments, camera 82 captures a set of images 

and processor 86 processes these images for constructing the specific database, as 

20 further detailed bereinabove. 

Processor 86 can be supplemented by a computer software. product, which 

comprises a computer~readable medium 88 in which program instructions arc stored. 

The instructions, when read by processer 86, cause the processer to process the image 

and transmit the corrected image to a display device. The p.ri)gram instructions can also 

25 cause processer 86 to construct the specific database, as further detailed hereinabove. 

As used herein the term "about" refers to ± ] 0 ?h. 

The word uexemplary" is used herein to mean "serving as an example, instance 

or illustration.'' Any embodiment described as "exemplary" is not necessarily to be 

30 mnstrned as preferred or advantageous over other embodiments and/or to exclude the 

incorporation of features from other embodimenl-;, 

Microsoft Exhibit 1002 - Page 90 
Microsoft Corporation v. RealD Spark, LLC 
IPR2023-01046 - U.S. Patent No. 10,740,985



\\t'O 2011/1483-(i<i PCT/ILWl 1/000334 

24 

The \VOrd "optionally" is used herein to mean 11 is provided in some embodiments 

and not provided in other embodiments.!! Auy particular embodiment of the invention 

may include a plurality of 11optional>I features unless such features confl.ict. 

The terms "comprises", "comprising", "includes", "including", "having" and-their 

5 conjugates mean "including but not limited to", 

The term "consisting of" means "including-and limited to", 

The term "consisting essentially of' means that the composition, method or 

structure may include additional ingredients, steps and/or parts, but only if the additional 

ingredient,;, steps and/or parts do not materially alter the basic and novel characteristics 

10 of the claimed composition, method or structure. 

As used herein, the singular form "aU, !!anu and "the'' include plural reference.s 

unless the context clearly dictates otherwise, For example, the term 1'a compound" or "at 

least 011e compound" may include a plurality of compounds, including mixtures thereof 

Throughout this application, varions embodimeJJ.ts of this invention may be 

15 presented in a range format It should be understood that the description in range format 

. is merely for convenience and hre:vity and should not be construed as an infle.xible 

limitation on the scope of the invention. Accordingly, the description of a range should 

be considered to have specifically disclosed all the po&.')ible subranges as well as 

individual numerical values within that range. For example, descrqJtion of a range such 

20 as from 1 to 6 should be considered to have specifi,,a.Hy disclosed. subranges such as 

from 1 to 3, from l to 4, from :l to 5, from 2 to 4, from 2 to 6, from 3 to 6 etc., as wen as 

. d' 'd l t , h' I ..: l ., ,.,. " 4 ;:;; d 6 'rl . 1· m 1v1 ua num .Jers \Vil m t 1at range, 1.or examp e, .1, .,,, :), , .,, an . :t us app 1es 

regardless of the breadth of the range. 

Whenever a numerical nmge is indicated herein, it is meant to. include any cited 

25 numeral (fraction.al or integral) within the indicated range. 'The phrases '"ranging/ranges 

30 

between" a first indicate number and a second indicate number and "ranging/ranges 

from" a first i1id.icate number "to" a second indicate number are used herein 

· interchangeably and are meant to include the first and second indicated numbers and all 

the fractional and integral numerals therehetween. 

It is appreciated that c.:ertain fe.atures of the il1Vention, which are, for clarity, 

described in the context of separate emhodime-nts, may also be provided in combination 
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in a single embodiment Conversely, various features oft.he invention, which are, for 

brnvity, described in the context of a single. embodiment, may also be provided 

separately or in any suitable subcnrnbination or as suitable in any other described 

embodiment of the invention. Certain features described in the · context of various 

5 embodiments are not to be considered essential features of those embodir11ents, unless 

the embodiment is inoperative without those elements. 

Various embodiments and aspects of the present invention as delineated 

hereinabove and as claimed in the claims sect1on below find experime.111al support in the 

rn following examples. 

EXAlvfPLES 

Reference is now made to the following examples, ,vhich together with the above. 

descriptions illustrale some embodiments of the invention in a non limiting fashion, 

15 , Prototype System for llf dtioconferencing 

A prototype system for correcting gaze offset was constructed according to some 

embodiments of the present invention. ln experiments performed -using the system, the 

system successfully replaced the eyes of a person in a video stream with eyes that look 

straight ahead. Eyes were capture.d at an initial . !Jaining stage. During t11e 

20 videoconferencing session, the system found aud tracked the eyes. fo every frame, the 

eyes captured during training were ac.cnrately pasted to create an i11usion of straight• 

looking gaze. 

FIGS, 9A-D shows four images of two illdividuals captured during the 

experiments: FIGS. 9A and 9D are c.ontrol images in which the respective individual 

25 was captured at a forward gaze, and FIGS, 9B and 9C are images which were corrected 

by the prototype. system and in accordance with preferred embodiments of the present 

invention. Surprisingly, the resulting effect of replacing the eyes alone looked natural. 

The pmtotype system included an eye detector for receiving an image of a face 

and returning an accurate position of the eye. Onc'C, eye location was detected, it was 

30 replaced with an image of the same eye-but ·with a proper gaze direction. To achieve 

this goal the system learned a regression function that mapped face images to eye model 
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parameters, using a non-specific database of annotate.ct images, This stage was followed 

with a refinement stage. 

The experiments included three stages, as follows. In a first stage, referred to as 

"offline training", a rough eye pose estimation was learned from the annotated non-

5 specific database, This database ,vas a general database, unrelated to the any particular 

videoconferencing session. A second stage was executed at the beginning of the video 

conferencing session where the users were requested to look straight at the camera. This 

aUowed the system to construct a specific database of direct gaze images. In a rhird 

stage the system detected t11c location o.f the eye in the current frame, found the most 

10 similar image in the specific database and replaced it. The eye model that was used in 

the experiments included six parameters, as depicted in FIG. 5 above. 

[n the ornine training stage, the direct gaze models were· learned based on 

previous amwtated examples. These examples were stored in a non-specific database 

that was used to bootstrap the runtime system. It consisted of a separate set of 14 

15 individuals for whom videos were captured and manually annotated in accordance with 

the six-parameter model. 

In the second stage. the specific database was constructed. Given images of a 

new person looking directly into the camera. tl1e closi::'.St eye in the non-specific database 

was retrieved and then served as an initial guess as to the eye parameters in the ne,v. 

20 image. These parameters were then adapted to provide a more accurate estimation . 

. , In the third stage, the parameters of the eyes in the video were estimated by 

matching the image to the. eyes of the persol) when look:ing straight The illumination 

was corrected, and a replacement was performed. 

Following is a more detailed de.scription of the experiments. 

25 Training 

Given a video of a person looking directly into the camera, the eye parameters 

were found by the. system. This was · done for each frame independently, thereby 

collecting pairs of straight looking eyes of that person. The localization of the corners of 

the eyes was achieved using the method of Everingham et al., supra, which describes the 

30 geometric distribution of facial features as a tree~structure.d mixture of Gaussians [P. F. 

Felzenszwalb and D. P. lfottenlocher, "Pi.ctorial structures for object recognition, " 
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IJCV, 2005] and captures appearance by Haar-wavelet like features [P. Viola and M. 

Jones, "Robust real4ime face detection," In CVPR, volume 2, page 747, 2001]. 

Once the comers of the eyes were localized, a rectangular region-of-interest 

which approximately captures the eye regio11s was constructed for each eye. Let i,v be 

5 the distance between the two corners of the eye (see FIG. 5), The rectangle of each eye 

was a combination of a strip of width h1 = 0.3w above the line segment OA (see FTG. 5) 

and of a strip of width h2 = 0.3}1,. below this line. Each region-of -interest was scaled to 

an image of 120x80 pixels. Then, SIFf descriptors were computed at 24 evenly spaced 

points in the stretched image, 

10 FIGS. lOA-C shmv samples of successfol fac.ial feature points detection obtained 

by eye corner localization. The region-of-interest armmd the eyes are marked by a black 

rectangle. FlG, toD shows an example of a failure case in detection. For such cases, 

the last model of an open eye was used to initialize the eye model search process. 

From the non-specific database of manua!.ly annotated eyes, the foft and right 

15 eyes with the closest a:ppearnnce descriptor were selected, This yielded an approximate 

model. In Leave~One-Person-Out experiments conducted on the non-specific database it 

was found that their average absolute error is about 3 pixels for the center of the eye, and 

about 6 pixels in the width of the eye. 

Tables 1 and 2 below present the regression results for the left and right eyes, 

20 respectively. The values in Tables 1 and 2 correspond to mean ± standard deviation. 

Two representations are compared in the tables: the SIFT representation and the vector 

of gray values in the eye rectangle resized to 120 pixels times 80 pb(els. Also compared 

are two machine learning algorithms: SVM Regression and Nearest Neighbor, As 

shown, SIFf obtained preferable performance, especially for t11e Ne,arest Neighbor 

25 classifier, 

Table 1 

parameter gray values """·········r········· SIFT 
1------......... -------------.. ············---------

NN SVM NN SVM 
~---..-..-..-..-..---.+------------------------{ 
Xe 4.26 ± 3.62 3.08 ± 2.3 3.02 ± 2.47 3.08 ± 2.3 

1------+-----------~~~~~~ ~----.....-.-.-..-..--..... ., ..... """-"-···~-·-- -
Ye 4.3 ± 2.96 3.84 :l: 2.92 2.73 ± 1.8 3.23 ± 2.72 

-~-v 1 7.83 ± 6.16 
I 

6.86 ± 6.51 6.95 ± 6.52 6.47 ± 6.79 
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h1 3.79 ±2.25 
I 

3.35 ±2.28 3.58 ± 3.04 3.35 ± 2.28 
: 

'! 
~~''' .. 
h2 3.22 ± 2.73 l 

I 
I 

2.93 ±2.51 
l 

2.45 ± 1.72 2.68±2.56 
..... 

0 0J0±0.06 I 0.08±0,04 I 
I 

0.08±0.06 0.07 ±0,05 
···········---------

Table 2 

parameter gray value.s l SIIT 

I -·· 
! 

•nn 

NN SVM NN SVM 
I ! -----

_,.ye 3.69 ± 2.99 7.49 ± 4.66 3.76 ± 3.06 5.72 :t 4.42 
i ---- ------------·· 

Ye 3.62 ± 2.89 3.01 :±_ 2.62 2.84 ±, 2.01 2.91 ±2.54 
.........:..... ____________ l 
w 8.03 ± 6.26 6.13 ±4.7 5.24±4.48 5.81 ±4.89 

I , ___ ·-

I 
h1 3.28 ± 2.77 2.94± 2.4 2.35 ± 1.89 

! 
2.89 ± 2.37 

--------- . ·-
h2 2.4 ± 1.88 2.05 ± 1.71 2.28± 2.04 2.05 ± l.71 

! 
···-············· 

H 0.07 ± 0.05 ! 
I 
I 

0JJ6 ± 0.05 0J)76 ± 0.05 0.06± 0.05 l ------ ------------------
This initial model was then refined by pcrfomlillg a local search in the space of 

the 6 parameters. The search was conducted in a range of twice the average error in 

5 · each parameter, and in a coarse to fine manner. 

For each set of candidate parameter values, the dosest e-ye in the non~specific 

database was translated, rotated and stretched in accordance with the difference in 

pammeters. The center was shifted by the different in Xe and Ye, the width wa5scalcd 

by the ratio of the w values:, the regions above and below the line connecting the two 

H) comers were stretched in accordance with h1 and h1 respectiveiy, and the database eye 

image was rotated by the difference in the O values bch.vcen the database image and the 

candidate parameter value. 

As a matching score, the normalized cross correlation measure between the 

warped database eye and the eye in the new directly looking frame w·as used. The 

15 region~of-interest for this comparison wa.~ the region of the ey{~, slightly eularged~ and 

not a rectangular frame. 

A threshold was used to determine cases in \Vh.ich the search for eye parameters 

failed to produce good database to image matches. Typically, the process successfully 

produced one pair of eyes for 80 % of the frames in the training video. 

Microsoft Exhibit 1002 - Page 95 
Microsoft Corporation v. RealD Spark, LLC 
IPR2023-01046 - U.S. Patent No. 10,740,985



\\t'O 20U/l483.fi6 PCTJll,2011/000334 

29 

Table 3 below summarizes the mean (± standard deviation) error in pixels for 

each parameter of the eye model after the refinement stage, The errors were estimated in 

a leave-one-out fashion on the non-specific database. 

Table 3 

Parameter Left eye Right eye 
~~------------
Xe 2.04 ±1.80 

I 
1.75±1.52 

Ye· 1.86 ±1.72 1.60±2.02 
--- ----~~~~~~~~-~~~~~,~ 

w 6.66 ± 5J)3 4.29 ± 3.70 I 
l h1 3.68 ±3.42 2.54±1.93 

~~~~~~~~~~~~~~~~~~~~~~--

h2 2.22 :!: 1. 95 2.20:±1.83 

e 0.08±0.06 0JJ6±0.04 
I .... ~··---

s Runtime 

During runtime, the system replac.ed frames whenever the eyelid was open. 

During blinks,. no replacement. was done. Immediately after a blillk, the system is 

reinitialized and started similarly to the. first frame in tbe video steam. Remarkably, the 

lack of inteli-'ention during blink frames did not seem to reduce the quality of the 

10 resulting video .. 

· .In the first frame (or first frame after a blink), the best niatching se.t of eyes were 

searched for, This was done by using the normalized correlation measnrements to 

compare the learned eye models to au e.ye shaped region-of¥interest situated between the 

corners of the eyes and at a width of 0.7w. Notice that SIFf descriptors were not used at 

15 · runtime, since the goal was to find eyes that were similar in appearance, so a.s to prevent 

or al least reduce artifacts during replacement 

011ce. the closest direct looking pair of eyes was found, they where morphed fa1 

order to better fit the ne\v frame. This '\vas done by searchilig in the six dimensional 

·parameter space, similarly to the search performed during training. The search 

20 performed during runtime for all frames other than the first frame after a blink included 

calculation of sum of squared differences (SSD). Note that this is unli.ke the training 

phase and the first frame after a blink where the normalized cross cnrrelation matching 

score was used. 

FIGS. 11A-F show initially fitted model (red) and refined model obtained by tlie 

25 search procedure (green). During the specific database construction, the initial guess 
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was the nearest neigl1bor (for each eye separately) in the SIFf feature space from among 

the training examples of the non-spe.c:ific database (FIG. 11A). In the first frame of the 

videocnnferencing session, the initial guess for each eye was the highest correlated 

example in the specific database (FIG. 11B). In the tracking pha.,;,e, the initial g1wss wa.;; 

5 the eye-model of the previous frame (FIG. llC). FIG. lD depicts the t\7v'O eyes (from 

two different individuals) from the non-specific database that were used as an initial 

guess for the eye model of HG. l lA The initial models for FIG. llB were taken from 

FIG. 11E whic.h shows an entry oft.he specific database. The hlitial model for FIG. llC 

\:vas taken from the previous video frame show11 in FIG. 11F. 

10 The eye parameters were estimated for every frame in the video stream. Given a 

:new frame, the eye parameters of the previous frame se,rve as an initial guess., and a 

search was once again conducted as a refinement process, The matching score was 

cornposed of two components. One component considered tlm sum of squared 

differences (SSD) between the eye in the current frame and the eye in the previous 

15 frame, where the latt.er was warped to the new frame in accordance with the difference in 

the eye parameters. Another component considered the SSD between the current eye 

and the ,varped eye from the first frame. 

SSD was used shlce illumination changes bet\.veen consecutive frames were 

expected to be small and since it was convenient to combine multiple SSD scores. The 

20 combined cost tenn minimized drift over time-, and reduced accumulation of small . 

tracking errors. A noticeable example. would be for the eye to gradually shrink, as 

shown in FIGS. 12A-D. FIGS. 12A and 12C show result of eye replacement after 

tracking the eye modd while only considering the previous frame, and FIGS. 12B and 

12D show result of eye replacement after tracking the eye model while considering both 

25 the previous frame and the first frame. As shown, the eye tends to shrinks "'rithout the 

first frame consideration. 

In cases in which the search process performed during tracking failed, a blink 

was declared, and the system entered a blink mode. While in this mode, the eye 

parameters were not adapt, and no eye replacement took place. During every blink 

· 30 frame; tracking based on the last detected eye model was attempted. Once this tracking 

was successful for both eyes for at least 2 consecutive frames, the blink state was 

terminated, 
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The first frame after the blink mode was treated as if it was the first frame of the 

video sequence. This altov,,.ed the system to move to a more suitable set of eyes, In 

cases in which the eye corner detector failed, the last model of an open eye was used to 

initialize the eye model search process. Although the pair of replacement eyes used 

s between t\\'O successive blinks did not change, this effect was unnoticeable-. 

10 

The eye replacement was done by pasting the warped set of model eyes onto the 

eye location in the image. The warping was done in order to adjust the parameters of the 

model eyes to the parameters of the actual eyes in the video frame. In order to elimi~ate 

artifacts, several optional operations were taken. 

In one such optional operation,. the· eyes were enlarged by a factor of 10 % in the 

vertical direction. This compensated for underestimation of the height of the eye due to 

th_e change in gaze between the model eyes and the actual eyes. In addition, this 

operation e.nsured that there were no :residue pixels from the original eye. 

A11other such optional operatio11 was adjustment of image illumination. To this 

15 · end, a low pass quotient image was applied [T. Riklin-Raviv and A, Shashua, "The 

quotient image: Class based recognition and syJlthesis under varying illumiuation 

conditions," In CVPR, 1999; Liu et al., ''Expressive expres.<;ion mapping with ratio 

images," In SIGGRAPH, 2001; and Wang et aL, ''Face relightirig from a single image 

under arbitrary unknnwn lighting conditions," J>MU, 31(11.):1968-1984, 2009; Bitouk 

20 et al,, 11Facc swapping: automatically replacing faces in phutographs," ln SIGGRAPH, 

2008], For both the original pixels to be replaced and the new· eye to be pasted, the 

illumination was estimated by filting a third order polynomial to tl1e image data [R 

· Basri and D. Jacobs, 'T.ambertian reflectance and linear subspaces," PAM.I, 25(2):218-

25 

233, Feb 2003] 

Denote the Red value of pixel (x, y) in the odginal video frame as I1/1\:X,y), and 

'") ~ '1) ~ (l; 
the values in the pasted eye image as fal"(x,y). Let I_/ (x,y) and Fil (x,_y) be the. 

corresponding values of the fitted low-order polynomial: 

i={} 

3 

i ,<2)(x v) ="' R ,,., L.J 

r"'O 
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The fitting was done to each of the three channels R, G and B separately using a 

least square system of equations (10 unknown ?-is per image per channel). 

Using quotient image re~iHumination, the new image values were given by: 

An additional optional operat.itln included a feathering technique in which on a 

strip of about HJ pixels surrounding the replaced region, blending with linear weights 

was performed betv;,ri:::en the old image and the pasted eye, 

FIGS .. 13A-D demonstrates the eye replacement procedure and the optional 

operations. FIG. 13A shows the original image of the eye to be l'eplaced, FIG, 13B 

10 shows eye replacement without the quotient image re-illumination stage, As show·n, the 

highlight on the left eye lid of the subject is not consistent with the foput image. FIG. 

13C shows eye replacement with the quotient image but without feathering. As shown, 

. the highlight ,vas removed, but additional edges were created around the right eye. FIG, 

l3D shows. eye replacement with both quotient image and feathering, As shown, the 

15 illumination was corrected and the spuriHus edges were suppressed by feathering. 

·Results 

The system was tested on a number of sequences. AH sequences were captured 

at 1280 x 1024 pi.xels.at 25 frames per seco11d. The non-specific database consisted of 

about 200 images of 14 individuals with manually annotatr:d eye models. At the 

20 beginning of the \rideoconferendng session, each user was a,:;ked to look stra1ght at the 

camera for a couple of seconds. · These frames ,,.,,,ere used to construct the specific 

database that was used for the remaining of the session of each individual. 

FIG. 14 shows several frames from some of the video sequences that were 

proce.ssed, In each image pair of .FIG. 14, the left image is the original image and the 

· 25 right image is the modified image, The top right pair of images and the left pair of 

images of the fifth rn·w show cases in which the system automatically detected a blink 

and did not modify the image. 

The prototype system of the present embodime11ts also maintained a high level of 

temporal consistency with no fHckering. In other words, the eye did not change its size 

30 from frame to frame. 
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Although the invent.ion has been described in conjunction '-Vith specific 

embodiments thereof, it l.s evident that many alternatives, modifications and variations 

will be apparent to those skilled in the art Accordingly, it is intended to embrace all 

such alternatives, modiiications and v.ariations that fall within the spirit and broad scope 

5 of the appended claims. 

All publications, patents and patent applications mentioned in this specification 

are herein incorporated in their entirety by reference into the specification, to the same 

extent as if each individual publication, patent or patent appHcat.ion was specifical1 y and 

individually indicated to be incorporated herein by reference. In addition, citation OI 

10 identification of any refereuce in this application shall not be construed as an admission 

that such reference is available as prior art to the present invention. To the extent that 

section headings are used, they should not be construed as necessarily limiting. 
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WHAT IS CLAIMED IS: 

l. A method of correcting gaze offset in an image of at least one individual 

having eyes, comprisiug: 

processing the image so as to ext.ract location of at least one eye over the image; 

processing the· image to replace imagery data assocfate.d with each location of 

each eye with replaC'..ement data, said replacement data being previously-recorded 

imagery data which respectively correspond to the same eye but a different gaze, thereby 

providing a corrected image; and 

transmitting said corrected image to a display device. 

The method of claim 1, further comprising, prior to said extraction of said 

locations, capturing at least one image of each of the at least one individ11al at one or 

more predetermined gazes, thereby providing said previously-recorded data. 

3. The method according to any of claims 1 and 2, further comprising 

processing said previously~recorded data so as to compute eye parameters wherein said 

replacing is based on said computed parameters. 

4. Tile method of claim 3, wherein said computation of said parameters is 

bootstrapped using a non-specific database of eye 1mages. 

5. The method according to any of claims 3 and 4, further comprising 

applying a morphological transformation to said previously-recorded data according to 

said parameters. 

6. The method according to claim 4, further comprising varying said 

parameters so as to optimize a predetermined objective function describing matching 

between said replace.ment data and images in said non-specific database. 

7. The method according to any of claims 3-6, .further comprising varying 

said parameters so as to optimize a predetermined objective function describing 
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matching between said replacement data and said imagery data associated with said 

location of said eye. 

8. The method acc.ording to any of claims 1-6, further comprising, for each 

eye, determining whether an eyelid of &':lid eye is close or open, wherein said imagery 

data is replaced with said replacement data only if said eyelid is ope11, 

9. The method according to any of claims 1-8, further comprising, for each 

eye, determining a characteristic gaze direction nf said eye, wherein said imagery data is 

replaced with said replacement data only if said gaze direction is other than a 

predetermined gaze direction. 

10. TI1e method according to any of claims 1-9, further comprising, 

processing the image to replace imagery data associated with each location of each eye 

with additional replacement data to provide at least one additional corrected image such 

that each corrected image is characterized hy a different gaze, and transmitting each 

corrected image tn a different display device. 

:IL The method according to claim 10, further comprising for each eye, 

determining a characteristic gaze direction of said eye, wherein said at least one 

additional corrected image is generated responsively to said determined characteristic 

gaze direction. 

12. A computer software product, comprising a computer-readable medium 

in which program instructions are stored, whicl1 instructions, when read by a processer, 

cause the processer to process the image so as. to extract locations of at least one eye 

over the image, to provide a corrected image by replacing imagery data associated with 

each location of each eye with replacemem data being previously-recorded imagery data 

respectively corresponding to the same eye but a different gaze, and to transmit said 

corrected image to a display device. 
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13. An imaging system, comprising: 

(a) a camera for capturing an image of at least one indjvidual having eyes; 

(b) a processer configured for: 

processing the image so as to extract locations of at least one eye over the image, 

processing the image to replace imagery data associated with each location of 

each eye ,vith replacement data being previously-recorded imagery data respectively 

corresponding to the s-ame eye but a different gaze, thereby providing a _corrected image; 

and 

transmitting said corrected image to a display device .. 

14, The computer software product or system of claim 13, wherein said 

previously-recorded imagery data are processed by the processor so as to compute eye 

parameters wherein said imagery data are replaced based on said.computed parameters. 

15. The computer software product or system of claim 14, wherein said 

computation of said parameters is bootstrapped using an annotated 11on-speci.fic database 

of eye images. 

16, The c.omputer software product or system according to any of claims 14 

and 15, wherein said previously-recorded data are transformed by said processor using a 

morphological transformation according to said parameters. 

17, • TI1e computer software product or system according to any of claims 14-

16, whe-rein said parameters are varied by said processor so as to optimize a 

predetem1hled objective function de.scribing matching between said replaced data and 

said replacement data. 

18. The computer software product or system according to any of claims 12-

17, wherein the image is processed by said processor to determine whether an eyelid of 

said eye is dose or open, and wherein said imagery data is replaced with said 

replacement data only if said eyelid is open. 
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19, . The computer software product or system according to any of claims 12¥ 

:t8, wherein the image is processed by said-processor to determine a characteristic gaze 

direction of said eye wherein said imagery data is replaced with said replacement data 

only if said characteristic gaze direction is other th.an a predetermined gaze direction. 

20. The computer software product or system according to any of claims 12-

19, wherein the image is processed by said processor to.replace imagery data associated 

· with each location of each eye with additional replacement data to provide at least one 

additional corrected image, such that each corrected image is characterized by a different 

gaz.e, and transmittiug each corrected image to a different display device, 

2.L The computer software product or system according to claim 20, wherein 

the image is processed by said processor to determine a characteristic gaze direction of 

said eye, wherein said at least one additkmal.corrected image is generated respons.ively 

to said determined characteristic gaze: direction. 

22. The method, computer software product or system according to any of 

claims l-19, wherein said extraction of said locations comprises,, for each eye: dete,cting 

eyC corners, defining a region-of.interest based on said corners and scaling said region-· 

of-interest to predetermined dimension. 

23. The method, computer software product or system according to any of 

claims 1-2.2., v.,-herein said previously-recorded imagery data is stored iu a compnter­

accessible specific database of imagery data, and wherein said replaceme11t of said 

imagery data comprises searching over said specific database for said previously­

recorded imagery data. 

24, The method, computer software. product or system of claim 23, wherein 

said searching comprises comparing imagery data of the image ,vith imagery data entries 

in said specific database, determining a similarity level responsively to said c-.omparison, 

and selecting said previously-recorded imagery data based on said similarity kveL 
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25. The method, computer software product or system according to any of 

claims 1-6, wherein said image is a frame of a video stream. 

26. The method, computer software product or system of claim 25, wherein 

said replacement data arc selected from a specific database according to an optimization 

procedure which comprises a first objective function for reducing differences betw·een 

said repla<',ement dat.a and replacement data of a previous frame, and a second objective 

function fo1 re.dodng differences between said replacement data and replacement data of 

a frame immediate.Jy following an eyelid opening of the respective eye, 
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MACHINE LEARNING FOR VISUAL PROCESSING 

Field of the Invention 

The present invention relates to methods for generating hierarchical algorithms 

using machine learning techniques to enable high quality reconstruction of lower-quality 

visual data_ 

1 O Background 

Background - Increase in quality of video and display technology 

Developments in display technology have led to significant improvements in the 

15 resolution able to be displayed on display hardware, such as on televisions, on computer 

monitors and using video projectors. For example, television screens that are able to 

display "High Definition" or "HD" resolution content (typically having a resolution of 1920 

x 1080 pixels) have been broadly adopted by consumers. More recently, television 

screens able to display Ultra High Definition or "Ultra HD" resolution content (typically 

20 having a resolution over 3840 x 2160 pixels) are starting to become more widespread 

In contrast, HD resolution video content is only now becoming commonplace and 

most legacy content is only available at either Digital Versatile Disc Video (or "DVD­

Video") resolution (typically having a resolution of 720 x 586 pixels or 720 x 480 pixels) 

or Standard Definition or "SD" resolution (where the video content only has a resolution 

25 of 640 x 480 pixels) Some broadcast channels are limited to SD resolutions Video­

streaming services can be restricted to operating at DVD-Video or SD resolutions, to 

reduce transmission problems where consumers have lImItations on available 

transmission bandwidth or because of a lack of legacy content at higher resolutions. 

As a result, there can be a lack of sufficiently high-resolution video content for 

30 display on HD and Ultra HD television screens, for both current video content as well as 

for legacy video content and video streaming services. Also, over time mobile devices 

such as mobile 'phones and tablet computers with increasingly larger and higher­

resolution screens are being produced and adopted by users_ Further, current video 

content, being output at HD resolutions, Is already at a sIgnifIcantly lower resolution than 

35 can be displayed by the latest consumer displays operating at, for example, Ultra HD 
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resolutions To provide sufficiently immersive virtual reality (or "VR') experiences, 

display technology needs to be sufficiently high resolution even for smaller screen sizes. 

The user experience of having to display content that has significantly lower 

resolution than the user's default screen/display resolution is not optimal 

Background - Growth in data transmission and network limitations 

The amount of visual data being communicated over data networks such as the 

Internet has grown dramatically over time and there is increasing consumer demand for 

1 0 high-resolution, high quality, high fidelity visual data content, such as video streaming 

including, for example, video at HD and Ultra HD resolution As a result, there are 

substantial challenges in meeting this growing consumer demand and high performance 

video compression is required to enable efficient use of existing network infrastructure 

and capacity. 

15 Video data already makes up a significant fraction of all data traffic 

communicated over the Internet, and mobile video (I.e. video transmitted to and from 

mobile devices over wireless data networks such as UTMS/CDMA) is predicted to 

increase 13-fold between 2014 and 2019, accounting for 72 percent of total mobile data 

traffic by the end of that forecast period As a result, there are substantial challenges in 

20 meeting this growing consumer demand and more efficient visual data transmission is 

required to enable efficient use of existing network infrastructure and capacity 

To stream video to consumers using available streaming data bandwidth, media 

content providers can down-sample or transcode the video content for transmission over 

a network at one or a variety of bItrates so that the resolution of the video can be 

25 appropriate for the bitrate available over each connection or to each device and 

correspondingly the amount of data transferred over the network can be better matched 

to the available reliable data rates. For example, a significant proportion of current 

consumer Internet connections are not able to reliably support continuous streaming of 

video at an Ultra HD resolution, so video needs to be streamed at a lower quality or 

30 lower resolution to avoid buffering delays 

Further, where a consumer wishes to broadcast or transmit video content, the 

uplink speeds of consumer Internet connections are typically a fraction of the download 

speeds and thus only lower quality or lower resolution video can typically be transmitted 

In addition the data transfer speeds of typical consumer wireless networks are another 

35 potential bottleneck when streaming video data for video at resolutions higher than HD 
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resolutions or virtual reality data and content to/from contemporary virtual reality devices_ 

A problem with reducing the resolution of a video when transmitting It over a network Is 

that the reduced resolution video may not be at the desired playback resolution but in 

some cases there is either not sufficient bandwidth or the bandwidth available is not 

5 reliable during peak times for transmission of a video at a high resolution. 

Alternatively, even without reducing the original video resolution, the original 

video may have a lower resolution than desired for playback and so may appear at a 

suboptimal quality when displayed on higher-resolution screens 

1 0 Background - Video Compression Techniques 

Existing commonly used video compression techniques, such as H264 and VPB, 

as well as proposed techniques, such as H.265, HEVC and VP9, all generally use 

similar approaches and families of compression techniques. These compression 

15 techniques make a trade-off between the quality and the bit-rate of video data streams 

when providing inter-frame and intra-frame compression, but the amount of compression 

possible is largely dependent on the image resolution of each frame and the complexity 

of the image sequences. 

To illustrate the relationship between bitrate and resolution among other factors, 

20 it is possible to use an empirically-derived formula to show how the bitrate of a video 

encoded with, for example the H.264 compression technique, relates to the resolution of 

that video: 

bitrate cc Q x w x h x f x m 

25 

where Q is the quality constant, w is the width of a video, h is the height of a 

video, f is the frame-rate of a video and m Is the motion rank, where m E fl, ... , 4} and a 

higher mis used for fast-changing hard-to-predict content. 

The above formula illustrates the direct relationship between the bitrate and the 

30 quality constant 0. A typical value, for example, that could be selected for Q would be 

0.07 based on published empirical data, but a significant amount of research is directed 

to optimising a value for Q 

The above formula also illustrates the direct relationship between the bitrate and 

the complexity of the image sequences, i.e variable m. The aforementioned existing 

35 video codecs focus on spatial and temporal compression techniques The newer 
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proposed video compression techniques, such as H.265, HEVC and VP9, seek to 

improve upon the motion prediction and intra-frame compression of previous techniques, 

i.e. optimising a value form. 

The above formula further illustrates a direct relationship between the bitrate and 

5 the resolution of the video, i.e variables w and h. In order to reduce the resolution of 

video, several techniques exist to downscale the resolution of video data to reduce the 

bitrate. 

As a result of the disadvantages of current compression approaches, existing 

network infrastructure and video streaming mechanisms are becoming increasingly 

1 0 inadequate to deliver large volumes of high quality video content to meet ever-growing 

consumer demands for this type of content. This can be of particular relevance in certain 

circumstances, for example in relation to live broadcasts, where bandwidth is often 

limited and extensive processing and video compression cannot take place at the 

location of the live broadcast without a sIgn1fIcant delay due to inadequate computing 

15 resources being available at the location_ 

Background~ Video Upscaling Techniques 

To reproduce a video at a higher resolution than that at which it has been 

20 transmitted (e.g by a streaming service or broadcaster) or provided (e g. on DVD or via 

a video download provider), various "upscaling" techniques exist to increase the 

resolution of video data/signals, which enhance image quality when starting from a lower 

resolution image or video and which produce an image or video of a higher resolution 

Referring to Figure 14, a conventional upscaling technique 1400 will now be 

25 described_ 

Received video data 141 0 is provided into a decoder system and is, for example, 

a lower-resolution video encoded in a standard video format, such as an SD resolution 

video. This video format can be a variety of known video codecs, for example such as 

H.264 or VP8, but can be any video data that the system is able to decode into 

30 component frames of video_ 

The system then separates a first section of the video data 1410 into single 

frames at step 1420, i.e. into a sequence of images at the full SD resolution of the video 

data 1410 For some video codecs, this will involve "uncompressing" or restoring the 

video data as, for example, common video compression techniques remove redundant 

35 (non-changing) features from sequential frames. 
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An upscaling technique 1430 is then used on one or more of the frames or 

sections of frames, to increase the resolution of the areas upon which It is used. The 

higher resolution frames are then optionally processed at step 1440 into a format 

suitable for output as a video. The video, being composed of higher resolution frames, 

5 will be in the form of a higher resolution video 1450 than the original video file. 

For example, a basic upscaling technique that makes little attempt to enhance 

the quality of the video is known as nearest-neighbour interpolation. This technique 

simply increases the resolution of received video data by representing an original pixel 

of the transmitted video as multiple pixels or a "block" of pixels The resulting effect is 

1 O that the video appears pixelated and in blocks. 

Other less basic upscaling techniques use the existing video data to estimate 

unknown intermediate pixels between known pixel values in order to increase the 

resolution with a less noticeable loss in quality, these techniques generally known by the 

term InterpolatIon, these techniques typically factoring into account a weighted average 

15 of known pixels in the vicinity of each unknown intermediate pixel or fit to a curve or line 

to surrounding values and interpolate to the mid-point along the curve or line (e.g. 

bicubic or bilinear interpolation). Typically such upscaling techniques determine values 

for the additional pixels required to create a higher resolution image by averaging 

neighbouring pixels, which creates a blurring effect or other visual artefacts such as 

20 "ringing" artefacts Most upscaling techniques use interpolation-based techniques to 

produce higher-resolution versions of received video data. Various methods of 

interpolation are possible and well documented in the prior art in relation to video or 

image enhancement. 

Various methods of interpolation are possible and well documented In the prior 

25 art in relation to video or image enhancement. There are many problems with 

conventional upscaling techniques Upscaling techniques that reduce jagged edges tend 

to introduce more blur to an up-scaled video, for example, while upscaling techniques 

that reduce 'halos" or "ringing" artefacts tend to make an up-scaled video less sharp. 

Further, conventional upscaling techniques are not content-aware or adaptive. 

30 Fundamentally, conventional upscaling techniques are limited by the Nyquist-Shannon 

sampling theorem 

35 

As a result of the disadvantages of current upscaling techniques, the quality of 

video data that has been "up-scaled" to a higher resolution than that at which it is stored 

or transmitted can be inadequate or non-optimal for its intended function 
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Background - Super Resolution Techniques For Enhancing Images 

Super resolution techniques are techniques that can be described as recovering 

new high-resolution information that is not explicitly present in low-resolution images 

5 Super resolution techniques have been developed for many different 

applications, such as for satellite and for aerial imaging and medical image analysis for 

example. These applications start with low-resolution images where the higher­

resolution image is not available or is possibly unknowable, and by using super 

resolution techniques it is possible to make substantial enhancements to the resolution 

1 O of such low-resolution images. 

Super resolution techniques allow for the creation of one or more high-resolution 

images, typically from one or more low-resolution images. Typically, super resolution is 

applied to a set or series of low-resolution images of the same scene and the technique 

attempts to reconstruct a higher-resolution image of the same scene from these images. 

15 Super resolution techniques fall predominantly into one of two main fields; optical 

super resolution techniques and geometrical super resolution techniques. Optical super 

resolution techniques allow an image to exceed the dIffractIon limit originally placed on 

it, while geometrical super resolution techniques increase the resolution from digital 

imaging sensors. In the field of image resolution enhancement, geometrical super 

20 resolution seems to be the predominant technique 

25 

Further, super resolution approaches are usually split into learning- or example­

based approaches and interpolation-based (multi-frame) approaches. Example based 

super resolution techniques are generally accepted to be a superior technique to 

enhance image quality. 

One specific super resolution technique is termed multi-exposure image noise 

reduction This technique takes the average of many exposures in order to remove 

unwanted noise from an image and increase the resolution. 

Another super resolution technique employed is sub-pixel image localisation, 

which involves calculating the 'centre of gravity' of the distribution of light over several 

30 adjacent pixels and correcting blurring accordingly However, this technique relies on 

the assumption that all light in the image came from the same source, which is not 

always a correct assumption. 

Background - Machine Learning Techniques 

35 
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Machine learning is the field of study where a computer or computers learn to 

perform classes of tasks using the feedback generated from the experience or data 

gathered that the machine learning process acquires during computer performance of 

those tasks_ 

Typically, machine learning can be broadly classed as supervised and 

unsupervised approaches, although there are particular approaches such as 

reinforcement learning and semi-supervised learning which have special rules, 

techniques and/or approaches 

Supervised machine learning is concerned with a computer learning one or more 

1 0 rules or functions to map between example inputs and desired outputs as predetermined 

by an operator or programmer, usually where a data set containing the inputs is labelled. 

Unsupervised learning is concerned with determining a structure for input data, 

for example when performing pattern recognition, and typically uses unlabelled data 

sets. 

15 Reinforcement learning is concerned with enabling a computer or computers to 

interact with a dynamic environment, for example when playing a game or driving a 

vehicle. 

Various hybrids of these categories are possible, such as "semi-supervised" 

machine learning where a training data set has only been partially labelled. 

20 For unsupervised machine learning, there is a range of possible applications 

such as, for example, the application of computer vision techniques to image processing 

or video enhancement. Unsupervised machine learning is typically applied to solve 

problems where an unknown data structure might be present in the data As the data is 

unlabelled, the machine learning process is required to operate to identify ImplIcit 

25 relationships between the data for example by deriving a clustering metric based on 

internally derived information For example, an unsupervised learning technique can be 

used to reduce the dimensionality of a data set and attempt to identify and model 

relationships between clusters in the data set and can for example generate measures 

of cluster membership or identify hubs or nodes in or between clusters (for example 

30 using a technique referred to as weighted correlation network analysis, which can be 

applied to high-dimensional data sets, or using k-means clustering to cluster data by a 

measure of the Euclidean distance between each datum) 

Semi-supervised learning is typically applied to solve problems where there is a 

partially labelled data set, for example where only a subset of the data is labelled Semi-

35 supervised machine learning makes use of externally provided labels and obJectIve 
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functions as well as any implicit data relationships_ 

When initially confIgurIng a machine learning system, particularly when using a 

supervised machine learning approach, the machine learning algorithm can be provided 

with some training data or a set of training examples, in which each example is typically 

5 a pair of an input signal/vector and a desired output value, label (or classification) or 

signal. The machine learning algorithm analyses the training data and produces a 

generalised function that can be used with unseen data sets to produce desired output 

values or signals for the unseen input vectors/signals The user needs to decide what 

type of data is to be used as the training data, and to prepare a representative real-world 

1 0 set of data. The user must however take care to ensure that the training data contains 

enough information to accurately predict desired output values without providing too 

many features (which can result in too many dimensions being considered by the 

machine learning process during training, and could also mean that the machine 

learning process does not converge to good solutions for all or specIfIc examples). The 

15 user must also determine the desired structure of the learned or generalised function, for 

example whether to use support vector machines or decision trees. 

20 

The use of unsupervised or semi-supervised machine learning approaches are 

sometimes used when labelled data is not readily available, or where the system 

generates new labelled data from unknown data given some initial seed labels 

Current training approaches for most machine learning algorithms can take 

significant periods of time, which delays the utility of machine learning approaches and 

also prevents the use of machine learning techniques in a wider field of potential 

application 

25 Background - Machine Learning & Image Super Resolution 

30 

To improve the effectiveness of some super resolution techniques, it is possible 

to incorporate machine learning, otherwise termed a "learned approach", into the image 

super resolution techniques described above. 

For example, one machine learning approach that can be used for image 

enhancement, using dictionary representations for images, is a technique generally 

referred to as dictionary learning. This approach has shown effectiveness in low-level 

vision tasks like image restoration 

When using dictionary learning, the representation of a signal is given as a linear 

35 combInatIon of functions drawn from a collection of atoms referred to as a dictionary. For 
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example, a given signal y can be represented as 

where x 1, •. , xn are the atoms of a dictionary of size n and a 1 , ... an are coefficients such 

5 that llall 0 < 1c, where 1c is the sparsity constraint, for example where ""A = :i no more than 

three coefficients can be non-zero. The atoms have the same dimensionality as the 

signal y so, while it is possible to have an atom x1 that is identical toy, a dictionary of 

simple atoms can usually be used to reconstruct a wide range of different signals. 

In theory, at least k orthogonal atoms are required to fully reconstruct signals in 

10 k-dimensional space. In practice, however, improved results are achieved through using 

an over-complete dictionary where there are n > k atoms and these atoms do not have 

to be orthogonal to one another 

A complete dictionary means that the number of dictionary atoms is the same as 

the dimensionality of the image patches and that the dictionary atoms are linearly 

15 independent (i e all orthogonal to each other and can represent the entire, or complete, 

dimensional space), so where 16 x 16 atoms represent 16 x 16 image patches, the 

dictionary is complete if it has 16 x 16 :: 256 atoms. If more atoms than this are present 

in the dictionary, then the dictionary becomes over-complete. 

An example of an over-complete dictionary is shown in Figure 1, where a 16 x 16 

20 pixel patch is represented by a linear combination of 16 x 16 dictionary atoms 5 that is 

drawn from the collection of atoms that is the dictionary 1. It is noted that the atoms are 

not selected locally within the dictionary, but instead are chosen as the linear 

combination that best approximates the signal patch for a maximum number of atoms 

allowed and irrespective of their location within the dictionary. Without a constraint that 

25 the atoms must be orthogonal to one another, larger dictionaries than the signal space 

that the dictionary is intended to represent are created. 

Over-complete dictionaries are used because they provide better reconstructions, 

but at the cost of needing to store and transmit all of the new dictionaries and 

representations created during the dictionary learning process. In comparison with a 

30 predetermined library of representations, a significantly increased amount of data is 

created as a result of dictionary learning because it generates a data set significantly 

larger than the basis set in a predetermined library of representations and the atoms are 

not all orthogonal to one another 

In dictionary learning, where sufficient representations are not available in an 
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existing library of representations (or there is no library available), machine learning 

techniques are employed to tailor dictionary atoms such that they can adapt to the 

image features and obtain more accurate representations. Each new representation is 

then transferred along with the video data to enable the representation to be used when 

5 recreating the video for viewing. 

The transform domain can be a dictionary of image atoms, which can be learnt 

through a training process known as dictionary learning that tries to discover the 

correspondence between low-resolution and high-resolution sections of images (or 

"patches") Dictionary learning uses a set of linear representations to represent an image 

1 O and, where an over-complete dictionary is used, a plurality of linear representations can 

be used to represent each image patch to increase the accuracy of the representation. 

When using dictionary learning based super resolution techniques, there is a 

need for two dictionaries: one for the low-resolution image and a separate dictionary for 

the high-resolution image To combine super resolution techniques with dictionary 

15 learning, reconstruction models are created to enhance the image based on mapping 

the coefficients of the low-resolution dictionary to coefficients in the high-resolution 

dictionary Various papers describe this, including "On Single Image Scale-Up Using 

Sparse-Representations" by R Zeyde et al and published in 201 0, "Image super­

resolution via sparse representation" by J. Yang and published in 20"10, and "Coupled 

20 Dictionary Training for Image Super-Resolution" by J Yang et al and published in 2012, 

which are incorporated by reference. 

A disadvantage of using dictionary learning based super resolution techniques on 

low-resolution images to attempt to recreate the high-resolution image is the need for 

two dIctIonarIes, one for the low-resolution image and a separate dictionary for the high-

25 resolution image. It is possible to have a single combined dictionary, but in essence 

there is always in practice an explicit modelling for each resolution to enable 

representations to be matched between the two resolutions of image. 

A further disadvantage of using dictionary learning, however, especially when 

used with an over-complete dictionary, Is the amount of data that needs to be 

30 transferred along with the low-resolution image in order to recreate a high-resolution 

image from the low-resolution image 

Another disadvantage of dictionary learning approaches is that these tend to use 

a local patch averaging approach in the final step of reconstruction of a higher-resolution 

image from a lower-resolution image, which can result in unintentional smoothing in the 

35 reconstructed image. 
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Another further disadvantage of dictionary learning approaches is that it is very 

slow and can have high memory requirements, depending on the size of the dictionary. 

Background - Artefact Removal in Visual Data 

Visual data artefacts and/or noise can often be introduced into visual data during 

processing, particularly during processing to compress visual data or during 

transmission of the visual data across a network Such introduced artefacts can include 

blurring, pixelation, blocking, ringing, aliasing, missing data, and other marks, blemishes, 

1 O defects, and abnormalities in the visual data. These artefacts in visual data can degrade 

the user experience when viewing the visual data. Furthermore, these artefacts in visual 

data can also reduce the effectiveness of visual data processing techniques, such as 

image super resolution, as well as other visual tasks such as image classification and 

segmentation that use processed images as an input 

15 Lossy compression, in which a visual data is encoded using inexact 

approximations, is a particularly common source of artefacts. Lossy compression is often 

required to reduce the size of a digital image or video in order to transmit it across a 

network without using an excessive amount of bandwidth. High visual data compression 

ratios can be achieved using lossy compression, but at the cost of a reduction in quality 

20 of the original visual data and the introduction of artefacts 

The transmission of visual data across a network can itself introduce artefacts to 

the visual data through transmission errors between nodes in the network. 

Current methods of removing artefacts (herein referred to as visual data fidelity 

correction) generally only correct a specIfIc types of artefact. Examples of such 

25 techniques include deblocking oriented methods, such as Pointwise Shape-Adaptive 

Discrete Cosine Transform (hereafter referred to as Pointwise SA-OCT), which deal with 

blocking artefacts. Such techniques do not perform well, and can also introduce further 

artefacts as a side effect, such as the over smoothing of visual data 

30 Summary of Invention 

Aspects and/or embodiments are set out in the appended claims. These and 

other aspects and embodiments are also described herein. 

Certain aspects and/or embodiments seek to provide techniques for generating 

35 hierarchical algorithms that can be used, when converting original high-quality visual 
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data into lower-quality visual data, to allow recreation of higher-quality visual data from 

the lower-quality visual data without significant loss in quality between the orIgInal high­

quality visual data and the higher quality visual data. 

Further aspects and/or embodiments seek to provide techniques for 

5 reconstruction and/or enhancement from lower-quality visual data to higher-quality visual 

data. 

Other aspects and/or embodiments seek to provide techniques for machine 

learning 

1 O General Training Method 

According to an aspect, there is provided a method for developing an 

enhancement model for low-quality visual data, the method comprising the steps of: 

receiving one or more sections of higher-quality visual data; training a hierarchical 

15 algorithm, wherein the hierarchical algorithm is operable to increase the quality of one or 

more sections of lower-quality visual data to substantially reproduce the one or more 

sections of higher-quality visual data; and outputting the hierarchical algorithm. 

Training hierarchical algorithms can allow enhancement and/or reconstruction 

models to be developed for enhancing visual data in at least one embodiment In some 

20 embodiments visual data can be image data and/or video data Furthermore, in some 

embodiments enhancement models can be developed to increase the accuracy of 

higher-quality visual data that can be reproduced from lower-quality visual data in 

comparison to original higher-quality visual data In at least one embodiment, knowledge 

of the orIgInal visual data can allow the hierarchical algorithm to be trained (and/or 

25 developed) based on knowledge of both the original visual data and the low-quality 

visual data in order to train a hierarchical algorithm to substantially reproduce the original 

visual data from the low-quality visual data. 

Optionally, the hierarchical algorithm is developed from a known initialisation. 

In some embodiments, the hierarchical algorithm can be developed from a known 

30 initialisation, for example of a hierarchical function or basis. In some of these 

embodiments, the hierarchical function or basis can be for example haar wavelets or one 

or more pre-trained hierarchical algorithms or sets of hierarchical algorithms. In at least 

one embodiment providing a known initialisation allows the training of hierarchical 

algorithms to be accelerated, and the known initialisation can be closer to the best 

35 solution especially when compared to starting from a random initIalIsatIon. In some 
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embodiments a trained hierarchical algorithm can be developed for input visual data, 

wherein the trained hierarchical algorithm Is developed for that input data based on the 

selected most similar pre-trained algorithm. In at least one embodiment, the selection of 

the one or more most similar pre-trained algorithm(s) can be made based on one or 

5 more metrics associated with the pre-trained models when compared and/or applied to 

the input data. In some embodiments, metrics can be any predetermined measure of 

similarity or difference In some embodiments, the most similar pre-trained algorithm can 

be used as a starting point for developing a trained or tailored algorithm for the input 

data as a tailored algorithm does not have to undergo as extensive development as 

1 O needed when developing an algorithm from first principles. 

Optionally, the method is performed at a first network node within a network. 

Furthermore, optionally the hierarchical algorithm may be transmitted to a second 

network node in the network. 

By lowering the quality of visual data (for example by lowering the resolution of 

15 video data) in some embodiments, less data can be sent across a network from a first 

node to a second node in order for the second node to display the visual data from the 

first node. In some embodiments, the lower quality visual data together with a model to 

be used for reconstruction can allow for less data to be transmitted than if the original 

higher-quality version of the same visual data is transmitted between nodes. 

20 Optionally, the one or more sections of lower-quality visual data are generated 

from the one or more sections of higher-quality visual data. Furthermore, optionally the 

one or more sections of lower-quality visual data may be generated from the high-quality 

visual data using a process comprising down-sampling 

By lowering the quality of a section of visual data in some embodiments, less 

25 data can be sent in order to transmit the visual data over a network. Further, in some 

embodiments sending both the lower quality version together with a model to be used 

for reconstruction can still result In less data being transmitted than if the original higher­

quality version of the same section of visual data is transmitted alone 

Optionally, the one or more sections of lower-quality visual data are generated 

30 from the one or more sections of higher-quality visual data using a process comprising 

compression and/or quantisation. 

Lossy compression, a reduction in frame rate, a reduction In pixel data precision 

(e g from 32-bit to 16-bit) and quantisation of visual data are methods for producing 

lower-quality visual data from higher-quality visual data and can be used in some 

35 embodiments to generate lower-quality visual data from higher-quality visual data. 
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Optionally, the one or more sections of higher-quality visual data and/or lower 

quality visual data comprise any of: a single frame, a sequence of frames and a region 

within a frame or sequence of frames. Optionally, the one or more sections of higher­

quality visual data and/or the one or more sections of lower-quality visual data may 

5 comprise an image, a sequence of images, a section of video or an output of a video 

game. 

Depending on the visual data being processed in an embodiment, models can be 

generated for sections of visual data comprising a single frame, a sequence of frames or 

a region within a frame or sequence of frames Each of these options can be used in 

1 O some or all embodiments in order to provide a method of enhancing or reconstructing 

visual data to produce higher quality visual data. 

15 

General Enhancement/ Reconstruction 

According to another aspect, there is provided a method for enhancing lower­

quality visual data using hierarchical algorithms, the method comprising the steps of: 

receiving one or more sections of lower-quality visual data, applying a hierarchical 

algorithm to the one or more sections of lower-quality visual data to enhance the one or 

more sections of lower-quality visual data to one or more sections of higher-quality visual 

20 data, wherein the hierarchical algorithm was developed using a learned approach; and 

outputting the one or more sections of higher-quality visual data 

In some embodiments, a section of visual data that has been transmitted across 

a network can be enhanced using hierarchical algorithms. By applying a hierarchical 

algorithm in some or all of these embodiments, a higher-quality version of the visual data 

25 can be output for input lower-quality visual data Therefore, in some embodiments, only 

lower-quality visual data need to be transmitted over the network. In other embodiments, 

lower-quality visual data can be transmitted over the network along with one or more 

hierarchical algorithms that can be used to enhance lower-quality visual data. 

Optionally, the hierarchical algorithm is selected from a library of learned 

30 hierarchical algorithms. 

In some embodiments, a stored library of learned hierarchical algorithms allows 

selection of a hierarchical algorithm for comparison without having to develop them or 

obtain them from an external source. In some embodiments, the comparison can be 

between a plurality of algorithms in the library. Use of such a library in at least some 

35 embodiments may result in the faster selection of a suitable hierarchical algorithm for 
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enhancing the visual data or, in some embodiments, the most suitable hierarchical 

algorithm In a library (for example, by basing a measure of suitability on a predetermined 

metric). 

Optionally, the selection of the hierarchical algorithm from the library of learned 

5 hierarchical algorithms is determined by metric data associated with the lower-quality 

visual data. 

In some embodiments, it is assumed that the closer the features of the 

hierarchical algorithm are to those of metric data associated with the lower-quality visual 

data, the more accurate a reconstruction can be created using that particular 

1 O hierarchical algorithm. Therefore, by using associated metric data In some 

embodiments in this way, an appropriate model may be more accurately chosen from 

the plurality of hierarchical algorithms available 

Optionally, the steps of receiving the one or more sections of lower-quality visual 

data and applying the hIerarchIcal algorithm to the one or more sections of lower quality 

15 visual data occur substantially simultaneously 

In some embodiments, by receiving the one or more sections of lower-quality 

visual data and substantially simultaneously applying the hierarchical algorithm to one or 

more sections of lower-quality visual data, the time taken to enhance the visual data can 

be reduced. This is especially beneficial for live broadcasting embodiments where it can 

20 be advantageous for the time taken for visual data processing before transmission to be 

minimised. 

Optionally, the one or more sections of lower-quality visual data are generated 

from one or more sections of original higher-quality visual data 

In some embodiments, by generating lower-quality visual data from original 

25 higher-quality visual data and transmitting the lower-quality visual data instead of the 

original higher-quality visual data less data needs to be processed or sent across a 

network. 

30 

Offline Training 

According to another aspect, there is provided a method for developing an 

enhancement model for visual data, the method comprising the steps of: receiving one 

or more sections of higher-quality visual data and one or more sections of lower-quality 

visual data corresponding to the one or more sections of higher-quality data; developing 

35 a hierarchical algorithm, wherein the hierarchical algorithm is operable to substantially 
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reproduce the one or more sections of higher-quality visual data from the corresponding 

one or more sections of lower-quality visual data; and storing the developed hIerarchIcal 

algorithm in a library of developed hierarchical algorithms. 

In some embodiments, by developing and storing hierarchical algorithms trained 

5 to enhance visual data in a library of enhancement algorithms, trained hierarchical 

algorithms can be selected from the library for repeated use to reduce the need for 

individual training from scratch every time enhancement of visual data is required. In 

some of these embodiments, this approach can save computational expense and speed 

up the transmission of visual data across a network, for example where it is possible to 

1 O choose a suitable model for visual enhancement from the library rather than train a new 

one. It also allows for hierarchical algorithms to be trained in advance of the 

transmission of visual data, for at least some embodiments, removing time constraints 

that can be present when training hierarchical algorithms substantially immediately 

before visual data Is transmitted. 

15 Optionally, the developed hierarchical algorithm is stored associated with metric 

data relating to a content type of the higher-quality visual data and/or lower-quality visual 

data from which the hierarchical algorithm was developed. 

In some embodiments, by storing the trained model in the library with metric data 

relating to the associated visual data, optionally where the metric data can be used to 

20 determine whether the trained model would be suitable for use with visual data having 

similar metric data, such metric data can be used to compare to metric data associated 

with further visual data to select a suitable hierarchical algorithm to enhance that further 

visual data This means that, in at least some of these embodiments, a specific 

hIerarchIcal algorithm need not be trained for every set of visual data; existing trained 

25 hierarchical algorithms can instead be used to enhance similar sets of visual data to that 

on which they were trained 

Optionally, the hierarchical algorithm is developed from a known hierarchical 

algorithm. 

In some embodiments, developing a new hierarchical algorithm from a known 

30 hierarchical algorithm that was trained on similar visual data to the visual data on which 

the new algorithm is to be trained can reduce the time and/or computational effort 

required to train the new hierarchical algorithm. 

Optionally, the known hierarchical algorithm is stored in the library of developed 

hierarchical algorithms. 
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For some embodiments having one or more known algorithms stored in a library 

of previously developed algorithms can allow for these algorithms to be accessed quickly 

and easily, increasing the efficiency of the training process. 

Optionally, the method is performed at a network node within a network. 

By performing the method at a network node in some embodiments, the resulting 

trained hierarchical algorithms can be transmitted across the network to further network 

nodes at which they are required. It also allows, in at least some embodiments, for the 

library of trained models to be stored remotely from the location at which the training 

takes place. 

1 O Optionally, the method additionally comprises a step of encoding the one or more 

sections of higher quality visual data and/or the one or more sections of lower-quality 

visual data 

Optionally, the step of encoding the one or more sections of higher quality visual 

data and/or the one or more sections of lower-quality visual data occurs after the step of 

15 developing the hierarchical algorithm 

Visual data is often encoded prior to transmission across a network, or storage in 

a memory, in embodiments. By encoding the visual data after the hierarchical algorithm 

has been trained in at least some embodiments, the visual data is then ready for 

transmission or storage The trained hierarchical algorithm will then be operable to 

20 enhance the quality of decoded visual data in these embodiments. 

Optionally, the method additionally comprises a step of refining the hierarchical 

algorithm after the step of encoding the one or more sections of higher quality visual 

data and/or the one or more sections of lower-quality visual data 

By refining the hierarchical algorithm after the encoding of the visual data In some 

25 embodiments, the hierarchical algorithm can be trained to enhance the quality of the 

encoded visual data without the visual data having to be decoded first In some of these 

embodiments, this can decrease the time required to decode and enhance the lower­

quality visual data to substantially reproduce the higher-quality visual data. 

According to a further aspect, there is provided a method for reducing the amount 

30 of data to be transferred when communicating visual data over a network from a first 

node to a second node, the method at the first node comprising the steps of reducing 

the quality of one or more sections of higher- quality visual data to one or more sections 

of lower- quality visual data; selecting at least one algorithm operable to increase the 

quality of at least one section of lower- quality visual data using the higher- quality visual 

35 data to optimise the selection of the algorithm, wherein the algorithm corresponds to at 
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least the one section of lower quality visual data; transmitting the one or more sections 

of lower- quality visual data to the second node; and transmitting to the second node 

one or more references corresponding to the one or more selected algorithms that 

correspond to the one or more sections of lower- quality visual data transmitted to the 

5 second node; wherein the second node is able to identify the selected algorithm using 

the transmitted one or more references and substantially reproduce the higher- quality 

visual data from the transmitted lower- quality visual data using the identified selected 

algorithms that corresponds to each section of lower- quality visual data 

According to another aspect, there is provided a method for increasing the quality 

1 0 of a section of visual data communicated over a network from a first node to a second 

node, the method at the second node comprising the steps of: receiving a lower-quality 

visual data via a network; receiving a corresponding reference to an algorithm operable 

to increase the quality of the lower-quality visual data the algorithm selected with the 

knowledge of a higher-quality visual data from which the lower- quality visual data was 

15 generated, and using the algorithm to increase the quality of the lower-quality visual data 

to substantially recreate the higher-quality visual data. 

According to a further aspect, there is provided a system for reducing the amount 

of data transferred when communicating visual data over a network, the system 

comprising two or more nodes wherein a first node is configured to reduce the quality of 

20 one or more sections of higher-quality visual data to one or more sections of lower­

quality visual data; select at least one algorithm operable to increase the quality of at 

least one section of lower-quality visual data using the higher-quality visual data to 

optimise the selection of the algorithm, wherein the algorithm corresponds to at least the 

one section of lower quality visual data, transmit the one or more sections of lower-

25 quality visual data to the second node; and transmit to the second node one or more 

references to the one or more algorithms that correspond to the one or more sections of 

lower-quality visual data transmitted to the second node; wherein the second node Is 

configured to: receive a lower-quality visual data via a network; receive a corresponding 

reference to the algorithm operable to increase the quality of the lower-quality visual 

30 data, the algorithm selected with the knowledge of a higher-quality visual data from 

which the lower-quality visual data was generated; and use the algorithm to increase the 

quality of the lower-quality visual data to substantially recreate the higher-quality visual 

data 

By transmitting a lower-quality version of a visual data in some embodiments, 

35 such as a section of low-quality visual data or series of visual data sections, together 

18 

Microsoft Exhibit 1002 - Page 137 
Microsoft Corporation v. RealD Spark, LLC 
IPR2023-01046 - U.S. Patent No. 10,740,985



WO 2016/1321-t8 PCT /G 82016/050-1-26 

with a library reference to an algorithm (i e any or all of an algorithm, reconstruction 

algorithm, model, reconstruction model, parameters or reconstruction parameters) to aid 

reconstruction of higher quality visual data, such as a high-resolution video frame or 

series of frames, in at least some embodiments less data can be transferred over a 

5 network to enable high-quality visual data to be viewed compared to transmitting the 

high quality visual data alone. 

Optionally, the steps of transmitting the one or more sections of lower-quality 

visual data to the second node and transmitting to the second node one or more 

references corresponding to the one or more selected algorithms that correspond to the 

1 O one or more sections of lower-quality visual data transmitted to the second node occur 

together, or substantially simultaneously. 

By transmitting both visual data and one or more references to algorithms in a 

library of algorithms, a reduced amount of data can be transmitted as only one or more 

references to algorithms are transmitted instead of the algorithms themselves. 

15 Optionally, the algorithm is a hierarchical algorithm 

In some embodiments, the algorithms used are hierarchical algorithms. It should 

be noted that algorithms could also be referred to as models, representations, 

parameters or functions. In some of these embodiments, hierarchical algorithms can 

enable substantially accurate reconstruction of visual data, e.g. produce a higher quality 

20 high-resolution video from the low-resolution video that is transmitted, for example where 

quality can be measured by a low error rate in comparison to the original high-resolution 

video 

Optionally, the algorithm is a non-linear algorithm 

In some embodiments, the use of non-linear algorithms can be more flexible and 

25 expressive than dictionary learning based approaches, and use fewer coefficients for the 

reconstruction of higher-quality visual data. In some of these embodiments, this can 

allow the reconstruction of the sections of higher-quality to be substantially accurate. 

Optionally, the algorithm is selected from a library of algorithms stored at any of: 

the first node; the second node; a centralised database in the network; or a distributed 

30 database in the network 

In some embodiments, a library of algorithms can allow for the selection of an 

substantially optimal, if not the most optimal algorithm available in the library to 

reconstruct the lower-quality visual data into higher quality visual data In some of these 

embodiments, the use of a library can also allow the selected algorithm to be referred to 

35 by a reference identifier. In certain embodiments, libraries can be provided at both 
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nodes, and/or in centralised or distributed databases, and optionally can use common or 

synchronised reference IdentIfIers for the same algorithms. 

Optionally, the received reference corresponds to an algorithm stored in a library 

at the second node_ 

By providing common or synchronised libraries of algorithms at both the first and 

the second nodes in at least some embodiments, and by transmitting a reference or 

reference identifier when transmitting the corresponding lower-quality visual data to 

allow selection of matching algorithms from both libraries using the reference identifier to 

identify the selected algorithm, only the reference identifier and the lower-quality visual 

1 O data needs to be transmitted between the nodes thus data transmission is reduced as 

the algorithm itself doesn't need to be transmitted. 

Optionally, if the second node cannot identify the selected algorithm, the second 

node sends a request to any of: the first node; a centralised database; or a distributed 

database for transmission of the selected algorithm to the second node. 

15 In some embodiments by configuring the second node to be able to request 

models from a node (for example a first node or alternatively another node or a node to 

which multiple libraries are synchronised, depending on embodiment) in situations where 

the libraries at the second node and other node are not synchronised, the higher-quality 

visual data can still be reconstructed even if the transmitted reference does not 

20 correspond to an algorithm stored at the second node This can prevent errors in the 

reconstruction process in some embodiments. 

Optionally, the algorithm comprises one or more convolutional neural networks 

In some embodiments, convolutional neural networks can achieve substantially 

optimal reconstruction of higher-quality visual data from lower-quality visual data (when 

25 the reconstructed higher-quality visual data is compared to the original high-quality 

visual data) while being relatively small in data size, for example when compared to 

over-complete dictionaries. 

30 

Optionally, the high-quality visual data Is divided into smaller sections based on 

similarities between a plurality of sections of the high-quality visual data. 

In some embodiments, by dividing the visual data into smaller sections, where the 

sections can be sequences of frames or portions of one or more frames, and where the 

division can be based on a particular metric for similarity, more efficient models can be 

selected For example, in some embodiments multiple sections can be grouped, all of 

which comprise part of a landscape shot, and one model can be used to reconstruct the 

35 scene, I.e. sequence of frames, as opposed to a using a different model for every 
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separate frame in the scene In some embodiments, if the next scene in the visual data 

is very different (for example a scene with significant movement after a scene showing a 

still landscape), then the scene can be detected as being very different and a new model 

can be selected accordingly for the scene_ In some embodiments, specific models can 

5 be selected for each scene or section, allowing at least some optimisation or adapting of 

the reconstruction model(s) in comparison to the use of a generic model for the whole of 

the visual data. 

Optionally the one or more sections comprises any of a single frame, a sequence 

of frames and a region within a frame or sequence of frames_ 

1 O Depending on the visual data being processed, in some embodiments models 

can be selected for sections of visual data comprising a single frame, a sequence of 

frames or a region within a frame or sequence of frames This selection can be 

necessary in some of these embodiments in order to provide the most efficient method 

of reconstructing a higher quality version of a part of the original visual data. 

15 Optionally, the visual data is converted into a sequence of sections, optionally 

before the quality is lowered. 

Separating the visual data into a sections, for example into a series of frames or 

images in some embodiments, allows for the individual sections to be down-sampled, 

thus reducing the size of visual data, and thereby can allow for lower quality sections to 

20 be transmitted as re-encoded visual data in the original code (or optionally re-encoded 

using a more optimal codec and/or at a lower quality in some embodiments). 

Optionally, down-sampling is used to reduce the quality of one or more sections 

of higher-quality visual data to one or more sections of lower-quality visual data 

By lowering the quality of the section of visual data In some embodiments, less 

25 data needs to be sent across a network from a first node to a second node in order for 

the second node to receive the file. In these embodiments the lower quality version 

together with a reference to the model to be used for reconstruction can still allow for 

less data to be transmitted than if the original higher-quality version of the same section 

of visual data is transmitted. 

30 Optionally, the steps of transmitting the one or more sections of lower-quality 

visual data to the second node and transmitting to the second node the references to the 

one or more algorithms that correspond to the one or more sections of lower-quality 

visual data transmitted to the second node occur substantially simultaneously 

By transmitting the lower quality section of visual data and the model reference 

35 simultaneously In some embodiments, the reconstruction process can be initiated 
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substantially instantaneously on arrival of the data, as opposed to there being a delay 

between the arrival of the section of visual data and the model reference or vice versa. 

In some embodiments, both the model and the section of visual data are necessary for a 

higher-quality version of the section of visual data to be reconstructed such that the 

5 reconstructed visual data is of substantially the same quality as the original higher­

quality visual data. 

Online Training 

1 O According to an aspect, there Is provided a method for enhancing visual data 

when communicating visual data over a network from a first node to a second node, the 

method at the first node comprising the steps of reducing the quality of one or more 

sections of higher-quality visual data to one or more sections of lower-quality visual data; 

developing at least one hierarchical algorithm operable to increase the quality of the one 

15 or more sections of lower quality visual data using the one or more sections of higher­

quality visual data to enhance the developed at least one hierarchical algorithm, wherein 

the developed at least one hierarchical algorithm corresponds to the one or more 

sections of lower quality visual data; transmitting the one or more sections of lower­

quality visual data to the second node; and communicating to the second node at least 

20 one of the developed at least one hierarchical algorithms that corresponds to the one or 

more sections of lower-quality visual data transmitted to the second node; wherein the 

second node is able to substantially reproduce the one or more sections of higher­

quality visual data from the transmitted one or more sections of lower-quality visual data 

using the developed at least hierarchical algorithm that corresponds to the one or more 

25 sections of lower-quality visual data 

According to a further aspect there is provided a method for enhancing visual 

data when communicating visual data over a network from a first node to a second 

node, the method at the second node comprising the steps of: receiving one or more 

sections of lower-quality visual data via a network; receiving a corresponding at least 

30 one hierarchical algorithm operable to increase the quality of the one or more sections of 

lower-quality visual data, the at least one hierarchical algorithm developed with the 

knowledge of one or more sections of higher-quality visual data corresponding to the 

one or more sections of lower-quality visual data and using the at least one 

hierarchical algorithm to increase the quality of the one or more sections of lower-quality 

35 visual data to substantially recreate the one or more sections of higher-quality visual 

data. 

22 

Microsoft Exhibit 1002 - Page 141 
Microsoft Corporation v. RealD Spark, LLC 
IPR2023-01046 - U.S. Patent No. 10,740,985



WO 2016/1321-t8 PCT /G 82016/050-1-26 

According to another aspect, there is provided a system for reducing the amount 

of data transferred when communicating visual data over a network, the system 

comprising two or more nodes wherein a first node is configured to: reduce the quality of 

one or more sections of higher-quality visual data to one or more sections of lower-

5 quality visual data; develop at least one hierarchical algorithm operable to increase the 

quality of the one or more sections of lower quality visual data using the one or more 

sections of higher-quality visual data to enhance the developed at least one hierarchical 

algorithm, wherein the developed at least one hierarchical algorithm corresponds to the 

one or more sections of lower quality visual data; transmitting the one or more sections 

1 0 of lower-quality visual data to the second node; and communicate to the second node at 

least one of the developed at least one hierarchical algorithms that corresponds to the 

one or more sections of lower-quality visual data transmitted to the second node; 

wherein the second node is configured to: receive one or more sections of lower-quality 

visual data via a network; receive a corresponding at least one hierarchical algorithm 

15 operable to increase the quality of the one or more sections of lower-quality visual data, 

the at least one hierarchical algorithm developed with the knowledge of one or more 

sections of higher-quality visual data corresponding to the one or more sections of lower­

quality visual data; and use the at least one hierarchical algorithm to increase the quality 

of the one or more sections of lower-quality visual data to substantially recreate the one 

20 or more sections of higher-quality visual data_ 

In some embodiments, by developing a hierarchical algorithm for enhancing the 

quality of a specific set of lower-quality visual data, a more accurate enhancement of 

that visual data can be achieved at a receiving node in a network In some of these 

embodiments, having knowledge of the higher-quality visual data to which the lower-

25 quality visual data corresponds can lead to the training and/or development of more 

accurate hierarchical algorithms In further of these embodiments, having knowledge of 

the compression settings of the lower-quality visual data can also help in training and/or 

development of more accurate hierarchical algorithms and, in such embodiments, 

training hierarchical algorithms on visual data having the same compression settings can 

30 provide substantially accurate hierarchical algorithms for those compression settings 

Furthermore, in some embodiments, communicating the lower-quality algorithm across 

the network along with the associated lower-quality visual data can reduce the amount 

of data required to be transmitted across the network when compared with the 

transmission of the higher-quality data alone For some embodiments, this is especially 
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true in the case where the higher-quality visual data is at a significantly higher quality 

than the lower-quality visual data. 

Optionally, the developed at least one hierarchical algorithm is selected from a 

plurality of hierarchical algorithms developed in parallel at the first node. 

5 Optionally, the at least one hierarchical algorithm is developed in parallel to the 

encoding of the lower-quality visual data. 

In some embodiments, developing multiple hierarchical algorithms in parallel 

while encoding the visual data can speed up the process of preparing the visual data 

and hierarchical algorithm for communication across a network In some of these 

1 O embodiments, by developing multiple hierarchical algorithms in parallel, a greater 

number of possible algorithm structures can be explored and the most suitable chosen 

Optionally, the steps of transmitting the one or more sections of lower-quality 

visual data to the second node and communicating to the second node the developed at 

least one hierarchical algorithm that corresponds to the one or more sections of lower-

15 quality visual data transmitted to the second node occur substantially simultaneously_ 

By transmitting the visual data and communicating the associated hierarchical 

algorithm substantially simultaneously in some embodiments, the reconstruction process 

at the second node can begin as soon as the hierarchical algorithm is received. This can 

reduce the delay, in some of these embodiments, between receiving lower-quality visual 

20 data and outputting higher-quality visual data_ 

Optionally, the communicating to the second node of the at least one of the 

developed at least one hierarchical comprises transmitting the developed at least one 

hierarchical algorithm to the second node 

In some embodiments, transmitting the whole of the developed hierarchical 

25 algorithm to the second node ensures that the developed hierarchical algorithm is 

available for use at the second node. 

According to a further aspect, there is provided a method for reducing the amount 

of data to be transferred when communicating visual data over a network from a first 

node to a second node, the method at the first node comprising the steps of: reducing 

30 the quality of a section of higher-quality visual data to a section of lower-quality visual 

data; analysing a first example based model for the use of reconstruction of the lower­

quality section of visual data; analysing a further one or more example based models for 

the use of reconstruction of the lower-quality section of visual data, selecting one or 

more example based models from a plurality of example based models to use based on 

35 a specified metric; transmitting the section of lower-quality visual data to the second 
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node; and transmitting to the second node the one or more selected example based 

models that correspond to the lower-quality section of visual data transmitted to the 

second node; wherein the second node is able to substantially reproduce the higher­

quality section of visual data from the transmitted lower-quality section of visual data 

5 using the one or more example based models that corresponds to the lower-quality 

section of visual data. 

According to another aspect, there is provided a method for increasing the quality 

of a lower-quality section of visual data communicated over a network from a first node 

to a second node, the method at the second node comprising the steps of receiving a 

1 0 lower-quality section of visual data via a network; receiving a corresponding example 

based model operable to increase the quality of the lower-quality section of visual data; 

and using the example based model to increase the quality of the lower-quality section 

of visual data to substantially recreate the higher-quality section of visual data. 

According to a further aspect, there Is provided a system for reducing the amount 

15 of data to be transferred when communicating visual data over a network, the system 

comprising two or more nodes wherein a first node Is configured to: reduce the quality of 

a higher-quality section of visual data to a lower-quality section of visual data analyse a 

first example based model for the use of reconstruction of the lower-quality section of 

visual data, analyse one or more example based models for the use of reconstruction of 

20 the lower-quality section of visual data; select one or more example based models from 

a plurality of example based models to use based on a specified metric; transmit the 

section of lower-quality visual data to the second node; and transmit to the second node 

the one or more example based models that correspond to the section of lower-quality 

visual data transmitted to the second node; wherein the second node is configured to: 

25 receive a lower-quality section of visual data via network; receive one or more 

corresponding example based models operable to increase the quality of the lower­

quality section of visual data; and use the one or more example based models to 

increase the quality of the lower-quality section of visual data to substantially recreate 

the higher-quality section of visual data. 

30 According to an aspect, there is provided a method for increasing the quality of a 

lower-quality section of visual data, the method at the first node comprising the steps of 

analysing a first example based model for the use of increasing the quality of the lower­

quality section of visual data; analysing a further one or more example based models for 

the use of increasing the quality of the lower-quality section of visual data; and selecting 

35 one or more example based models from a plurality of example based models to use 
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based on a specified metric; wherein the quality of the lower-quality section of visual 

data is able to be substantially increased using the one or more example based models 

that corresponds to the lower-quality visual data. 

In some embodiments, by transmitting a section of lower-quality visual data over 

5 a network together with an example based model to aid reconstruction of high-quality 

visual data, less data can be transferred over the network to enable a higher-quality 

visual data to be displayed when compared to transmitting higher-quality visual data 

alone In some of these embodiments, by selecting one or more example based models 

from a plurality of example based models, higher-quality visual data is operable to be 

1 0 reconstructed from the lower-quality visual data and the one or more example based 

models together. As any example based models used in such embodiments are already 

in existence and just need to be selected and not created, the delay between the 

recording of the higher-quality visual data and emission of the reconstructed higher­

quality visual data can be minimised. Some of these embodiments can therefore be 

15 used for the live broadcast of visual data pertaining to an event As there exists a 

plurality of example based models, In some embodiments optional analysis of a plurality 

of models allows for the selection of an example based model which when used in the 

reconstruction of a lower-quality section of visual data, will generate the highest quality 

output data on reconstruction compared to other selectable models The visual data to 

20 be transmitted can be recorded in the form of higher-quality visual data in some 

embodiments, the quality of which is then reduced before transmission as outlined 

above. The visual data can, in alternative embodiments, be recorded in the form of 

lower-quality visual data, which requires no further decrease in quality before 

transmission. In some embodiments, visual data can be video and or image data. In 

25 some embodiments, quality can relate to the resolution of visual data and/or other 

attributes such as a higher or lower frame rate. 

In some embodiments, a combination of two or more example based models may 

provide an optimum resource for reconstruction of the lower-quality section of visual 

data. In some of these embodiments, the two or more example based models can be 

30 combined in such a way so as to form a new example based model that is transmitted 

alongside the lower-quality section of visual data The lower-quality section of visual 

data can further be transmitted alongside more than one example based model in some 

embodiments if that provides a required level of reconstruction into a higher-quality 

visual data 

26 

Microsoft Exhibit 1002 - Page 145 
Microsoft Corporation v. RealD Spark, LLC 
IPR2023-01046 - U.S. Patent No. 10,740,985



5 

WO 2016/1321-t8 PCT /G 82016/050-1-26 

In some embodiments, the live section of visual data transmitted will be at a lower 

quality Aspects disclosed herewith can still be used in order to increase the quality of 

the section of visual data in some embodiments, even without an original high-quality 

version 

Optionally, one or more sample sections of visual data are transmitted from the 

first node to the second node in advance of a live transmission; and a subset of example 

based models is selected from the plurality of example based models based on a 

specified metric from the one or more sample sections of visual data; wherein the one or 

more example based models used to substantially increase the quality of the live 

1 O transmission is selected from the subset of example based models. 

Optionally, one or more sample sections of visual data are transmitted from the 

first node to the second node in advance of a live transmission, wherein one or more 

example based models can be generated in advance of the live transmission based on a 

specIfIed metric from the one or more sample sections of visual data 

15 Optionally, one or more sample sections of visual data are transmitted from the 

20 

first node to the second node in advance of a live transmission; wherein one or more 

example based models from the plurality of example based models can be modified in 

advance of the live transmission based on a specified metric from the one or more 

sample sections of visual data 

The process of selecting the example based model to be used in some 

embodiments can be made more efficient by providing a smaller pool of example based 

models from which the selection can be made Computational effort can thereby not be 

wasted in at least some of these embodiments as a reconstruction using an example 

based model that is very unlikely to be used as the selected model for the relevant visual 

25 data, e_g frame or video, will not be performed 

In some embodiments, by transmitting a section of visual data in advance of the 

live broadcast, example based models that are likely to be used can be grouped into a 

subset of the total plurality of example based models available. 

During the live broadcast, in some embodiments, one or more example based 

30 models can be selected from the subset, rather than from the entire available library of 

models If deemed necessary, in at least some embodiments, or if sufficient time is 

available before the live broadcast in other embodiments, the section of visual data can 

be transmitted in advance of the live broadcast and this can allow for the modification of 

an existing example based model or generation of a new example based model so as to 
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provide a model or models for the more accurate reconstruction from a lower-quality 

section of visual data. 

Optionally, the example based model comprises any of: a generative model; a 

non-linear hierarchical algorithm, or a convolutional neural network; or a recurrent neural 

5 network; or a deep belief network; or a dictionary learning algorithm; or a parameter; or a 

mapping function. 

Optionally the example based model comprises a specific parameter or mapping 

function for the reconstruction of data 

In embodiments, the example based model can be one of a number of different 

1 O model types. This increases the flexibility of the method and allows accurate 

reconstruction of the higher quality visual data in such embodiments. 

Optionally the higher-quality visual data is divided into smaller sections based on 

similarities between a plurality of sections of the higher-quality visual data. 

In some embodiments, by dIvIdIng the visual data into smaller sections or 

15 'scenes', based on a particular metric for similarity, more efficient models can be 

generated. For example, in some embodiments multiple sections can be selected, all of 

which comprise part of a landscape shot, and only one model will be required to 

reconstruct the scene as opposed to a marginally different model for every separate 

section If the next scene in the visual data is very different, for example a scene with 

20 significant movement, then in some embodiments this will be detected as such and a 

new model generated accordingly for the scene. Specific models can be trained for each 

scene or section in some embodiments, enabling the reconstruction approach to be 

adaptive and to allow at least some optimisation of reconstruction 

Optionally a section of visual data can comprise any of: a single frame; or a 

25 sequence of frames; or a region within a frame or sequence of frames 

Depending on the visual data being processed, in some embodiments models 

can be generated for sections of visual data comprising a single frame, a sequence of 

frames or a region within a frame or sequence of frames. Each option could be 

necessary in some embodiments in order to provide the most efficient method of 

30 reconstructing a higher-quality version of a part of the original visual data 

Optionally the visual data is converted to a sequence of sections before the 

quality is reduced. 

By separating the visual data into sections, for example by separating video data 

into a series of frames in some embodiments, the amount of data is temporarily 

35 increased, as the reductions In data from any compression methods previously used on 
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the video file will be undone However in some of these embodiments, this allows for the 

individual sections to be down-sampled thus reducing the size of the visual data, thereby 

allowing for lower-quality sections to be transmitted as re-encoded visual data in the 

original or optionally a more optimal codec but at a lower quality_ 

Optionally analysis of any two or more example based models occurs in parallel. 

By analysing multiple example based models in parallel in some embodiments, 

the time taken to select a suitable example based model from a library of models can be 

reduced This is especially beneficial for live broadcasting embodiments, where it can be 

advantageous for the time taken for processing visual data before transmission to be 

1 O minimised. 

In some embodiments, a pipeline of analysis can be performed for multiple 

subsequent sections of visual data in parallel In some of these embodiments, analysis 

can be performed for subsequent sections of visual data in respect of compression 

settings and/or to classify the section or sections into categories In order to perform 

15 further content-specific analysis, where this further analysis can be performed once the 

visual data has been decoded, and in some embodiments this analysis can allow a 

reduction of the number of models considered for use with the visual data for 

enhancement or as starting points for training a model. 

20 

25 

Optionally, a plurality of example based models are stored in a library 

In some embodiments, a stored library of example based models at the first node 

allows the analysis process to quickly select example based models for comparison 

without having to obtain them from the network This, in turn, may result in a faster 

selection of the most suitable model for transmission across the network in some of 

these embodiments. 

Optionally the sections of visual data are transmitted in the chronological order 

according to the section of higher-quality visual data_ 

By transmitting the sections of visual data in chronological order in some 

embodiments, the time difference between a section of visual data being recorded and a 

reconstructed higher-quality visual data being received by the second node can be 

30 minimised. For live broadcasting embodiments, this means that the lag between an 

event happening in front of a camera and a viewer watching a reconstructed version of 

the event can be reduced. 

Optionally the sections of visual data are transmitted in the order in which they 

were transmitted by the first node. 
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Optionally the quality of the lower-quality sections of visual data is increased 

according to the order in which the sections of visual data were transmitted by the first 

node. 

Some sections of visual data might be easier to process than others, for example 

5 a section of video comprising a single black frame would require less computational 

effort to process than a fast-moving scene. Therefore in some embodiments the 

sections of visual data that are easier to process could arrive at the second node before 

the more difficult to process sections If the visual data is to be reconstructed and 

viewed in the order in which it was originally recorded in such embodiments, any 

1 O sections of visual data which arrive out of sequence at the second node can be buffered 

in some of these embodiments and the sections placed in a chosen order, before 

increasing the quality and outputting the reconstructed visual data 

Optionally the analysis of an example based model for the use of reconstruction 

of the lower-quality section of visual data comprises the further steps of: extracting 

15 features of a section of the higher-quality visual data; and using the extracted features to 

select a predetermined example based model from the plurality of predetermined 

example based models to provide initial parameters for the developed example based 

model. 

The closer the features of the example based model match those extracted from 

20 the corresponding section of visual data, the more accurate a reconstruction can be 

created using that particular example based model, in at least some embodiments. 

Therefore by extracting features from a section of the higher-quality visual data in some 

embodiments an appropriate model may be more accurately chosen from the plurality of 

example based models available. 

25 Optionally the specified metric used to select and/or modify and/or generate an 

example based model is based on generating the highest quality output data following 

reconstruction, preferably wherein quality can be defined using any of: an error rate; a 

peak signal-to-noise ratio; or a structural similarity index. 

A reconstructed section of visual data of the highest quality according to any of 

30 the above metrics can be desirable to a viewer, as it is liable to show the truest 

representation of the original higher-quality visual data, at least for some embodiments. 

In such embodiments, the broadcaster of the original higher-quality visual data is also 

likely to prefer that the viewer sees the visual data as it has been prepared, without 

distortion from the down sampling and transmission process 
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Optionally the higher-quality section of visual data is divided into smaller sections 

based on similarities between a plurality of sections of the higher-quality visual data. 

In some embodiments, by dividing the visual data file into smaller sections or 

'scenes', based on a particular metric for similarity, less data needs to be transmitted 

5 over the network. For example, in some embodiments multiple sections can be 

selected, all of which comprise part of a landscape shot, and only one model will be 

required to reconstruct the scene to an acceptable level as opposed to a marginally 

different model for every separate section If the next scene in the visual data is very 

different in such embodiments, for example a scene with significant movement, then it 

1 O will be detected as such using the extracted features as described above and a new 

model can be selected accordingly. 

Optionally a section comprises any of a single frame, a sequence of frames and 

a region within a frame or a sequence of frames. 

Depending on the visual data being processed, In some embodiments models 

15 can be selected for sections of visual data comprising a single frame, a sequence of 

frames and a region within a frame or a sequence of frames. In these embodiments, 

each or all approaches could be necessary in order to provide the most efficient method 

of reconstructing a higher-quality version of a part of the original visual data. 

Optionally the steps of transmitting the section of lower-quality visual data to the 

20 second node and transmitting to the second node the example based model that 

corresponds to the section of lower-quality visual data transmitted to the second node 

occur substantially simultaneously 

By transmitting the lower-quality section of visual data and the example based 

model simultaneously in some embodiments, the reconstruction process can be InitIated 

25 substantially simultaneously on arrival of the data, as opposed to a delay between the 

arrival of the section of visual data and the example based model or vice versa. Both 

the example based model and the section of visual data are necessary for a higher­

quality version of the section of visual data to be reconstructed, in some embodiments, 

and so any delay between their arrivals will result in a delay between the original visual 

30 data being transmitted from a first node and the reconstructed visual data being viewed 

at a second node. 

Optionally the step of lowering the quality of a section of visual data Is performed 

using down-sampling 

By lowering the quality of the section of visual data in some embodiments, less 

35 data needs to be sent across a network from a first node to a second node In order for a 
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second node to receive the section of visual data_ In these embodiments the lower­

quality version, together with an example based model to be used for reconstruction, 

can still allow for less data to be transmitted than if original higher-quality section of 

visual data is transmitted. 

5 Optionally a library is stored at both the first and second nodes, and a reference 

to one or more example based models from the library at the first node is transmitted to 

the second node. 

It can advantageous in some embodiments to minimise the amount of data sent 

over a network. Higher-resolution videos can comprise significant amounts of data, 

1 O which can be s I ow to transmit over existing network infrastructures such as the Internet. 

Some embodiments can provide a solution to the problem of video transmission over a 

network by transmitting instead a lower-quality section of video and an example based 

model, as described above. In some embodiments, In order to further reduce the 

amount of data transmitted over a network, a lower- quality section of visual data can be 

15 transmitted along with a reference to an example based model, in lieu of the example 

based model itself. In some of these embodiments the reference comprises less data 

than the example based model to which it refers. In such embodiments a library of 

similarly referenced example based models can be accessed from both the first and 

second nodes, so that once a model is selected at the first node and the reference 

20 transmitted, the correct model to be used at the second node can be identified. 

Optionally, an off-site computing system performs a method comprising the steps 

of receiving a lower- quality section of visual data; analysing a first example based 

model for the use of reconstruction of the lower- quality section of visual data; analysing 

a further one or more example based models for the use of reconstruction of the lower-

25 quality section of visual data; selecting one or more example based models from a 

plurality of example based models to use based on a specified metric; generating a 

higher- quality section of visual data from the lower- quality section of visual data using 

the one or more example based models that correspond to the lower- quality visual data. 

Optionally, there is provided a method further comprising the step of: receiving a 

30 higher- quality section of visual data from a third node, before transmitting the higher­

quality section of visual data to the first node 

Optionally, one or more of the nodes is based in an off-site computing system. 

In some embodiments off-site, or 'cloud computing', systems allow for the 

performance of computerised tasks on a server not necessarily local to the site of the 

35 recording or reconstruction of a section of visual data. This allows for more powerful 
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servers to be used according to the budget available for such services, and hence 

increased parallel processing of different example based models In some of these 

embodiments The off-site system used in such embodiments could also provide a 

backup of any sections of visual data passing through the servers, thereby offering a 

5 solution in the case of loss of data at a site local to the recording or reconstruction of a 

section of visual data. If the computing system is scalable, as Is preferable, then a 

growing amount of visual data processing work can be accommodated should the need 

arise in these embodiments. 

1 O Sub-Pixel Convolutions 

According to an aspect, there is provided a method for enhancing one or more 

sections of lower-quality visual data using a hierarchical algorithm, the method 

comprising the steps of receiving one or more sections of lower-quality visual data; 

15 enhancing the one or more sections of lower-quality visual data to one or more sections 

of higher-quality visual data using the hierarchical algorithm wherein at least the first 

step of the hierarchical algorithm is performed in a lower-quality domain; and wherein 

the hierarchical algorithm operates in both a higher-quality domain and the lower-quality 

domain 

20 In embodiments, an algorithm performing at least the first processing steps of as 

enhancement in a lower quality domain ensures the visual data is at least partially if not 

substantially processed whilst still in lower-quality, reducing the computational 

complexity of the enhancement. Subsequent processing steps may move to the higher­

quality domain to undertake further processing and output higher-quality visual data in 

25 such embodiments Optionally, in some of these embodiments, only the last processing 

step or steps are performed in the higher-quality domain. 

In some embodiments, resampling into the higher dimension space of visual data 

from a low-quality to high-quality domain happens before being processed through a 

super resolution network for enhancement, for example in some of these embodiments 

30 being enhanced using bicubic interpolation, but this enhancing does not add information 

useful for super resolution and forces the network to perform subsequent computation in 

a higher-quality domain when for example extracting feature maps and performing non­

linear mapping This 'initial upscaling" makes the computation of the network/algorithm 

computationally expensive and increases memory requirements. In some embodiments, 
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the low quality domain is a low resolution domain while the high quality domain is a high 

resolution domain. 

Optionally, this method can be used as a filtering approach in place of other 

resampling or upsampling filters for use with encoding and decoding of visual data 

In some embodiments, using the method as a filter for visual data codecs can 

provide very high computational efficiency, and therefore can also provide minimal 

energy costs in performing such filtering. In these or other embodiments, the method can 

provide a filter that is fast and/or flexible in expression and that can perform substantially 

accurate filtering in at least some embodiments 

1 O Optionally, an activation function can follow the use of the method as a filtering 

approach. 

Optionally, the first step of the hierarchical algorithm comprises extracting one or 

more features from the one or more sections of lower-quality visual data. 

In embodiments, extracted features may be used to produce a value or series of 

15 values based on a metric from the input data. In some embodiments, the metric can 

then be used to select a hierarchical algorithm from the library which is most appropriate 

for the input data, as each hierarchical algorithm has associated metric values based on 

the input data from which the models were respectively trained, the selection based on 

the similarity between the metrics associated with the input data and each of the pre-

20 trained models. 

Optionally, the last step of the hierarchical algorithm comprises producing higher­

quality visual data corresponding to the lower-quality visual data, and at least the last 

step of the hierarchical algorithm may be performed in the higher-quality domain 

In some embodiments, by using the last step of the hIerarchIcal algorithm to 

25 perform enhancement from the lower-quality domain after feature maps have been 

extracted and non-linear mapping has been performed in the lower-quality domain, the 

layers other than the final layer are less computationally expensive and require less 

memory than if they were operating in high resolution space and the final layer can 

perform more complex upscaling. 

30 In some embodiments, the final layer can be a sub-pixel convolutional layer that 

is capable of upscaling low resolution feature maps into high resolution output, thus 

avoiding using a non-adaptive generic or handcrafted bicubic filter, and allowing for a 

plurality of more complex upscaling filters for each feature map Further, in some of 

these embodiments, having the final layer perform super resolution from the lower 

35 resolution space can reduce the complexity of the super resolution operation. 
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Optionally, the higher-quality visual data is at a higher resolution than the lower­

quality visual data, wherein the lower-quality visual data may contain a higher amount of 

artefacts than the higher-quality visual data. 

In some embodiments, separating the visual data into a series of sections allows 

5 for the individual sections to be down-sampled thus reducing the visual data size, 

thereby allowing for lower quality sections to be transmitted as re-encoded visual data in 

the original or optionally a more optimal codec but at a lower resolution. 

Optionally, the hierarchical algorithm comprises a plurality of connected layers, 

and the connected layers may be sequential. 

1 O Optionally, the at least one section lower-quality visual data comprises any of: a 

single frame of lower-quality visual data, a sequence of frames of lower-quality visual 

data, and a region within a frame or sequence of frames of lower-quality visual data. 

Furthermore, the lower-quality visual data may comprise a plurality of frames of video. 

Depending on the visual data being processed, In some embodiment models can 

15 be generated for sections of visual data comprising a single frame, a sequence of 

frames or a region within a frame or sequence of frames. In these embodiments, some 

or each of these options could be used in order to provide the most efficient method of 

reconstructing a higher quality version of a part of the original visual data. 

Optionally, the hierarchical algorithm differs for each section of visual data 

20 In some embodiments, each section of visual to be transferred is likely to be at 

least slightly different from the preceding section. These embodiments it can therefore 

allow for more accurate reconstruction if the hierarchical algorithm to be transmitted 

alongside each section of visual data is also different in order to account for these 

differences in the sections of visual data. For such embodiments, a new model can 

25 therefore be generated for each section of visual data accordingly. 

Optionally, the hierarchical algorithm is selected from a library of algorithms. 

In some embodiments, providing libraries of algorithms allows selection of an 

algorithm from the libraries and allows for modifications to be made to the stored 

hierarchical algorithms to enhance the visual data, reducing the computational 

30 complexity 

Optionally, the standardised features of the at least one section of received lower­

quality visual data are extracted and used to select the hierarchical algorithm from the 

library of algorithms 

In some embodiments, extracted standardised features are used to produce a 

35 value or series of values based on a metric from the input data. In these embodiments, 

35 

Microsoft Exhibit 1002 - Page 154 
Microsoft Corporation v. RealD Spark, LLC 
IPR2023-01046 - U.S. Patent No. 10,740,985



WO 2016/1321-t8 PCT /G 82016/050-1-26 

the metric can then be used to select the pre-trained model from the library which is 

most appropriate for the input data, as each model in the library has associated metric 

values based on the input data from which the models were respectively trained, the 

selection based on the similarity between the metrics associated with the input data and 

5 each of the pre-trained models. 

Optionally, the hierarchical algorithm to be selected from the library of algorithms 

is based on generating the highest quality version of the lower-quality visual data, 

preferably wherein quality can be defined by any of: an error rate; a bit error rate; a peak 

signal-to-noise ratio, or a structural similarity index. 

1 O The predetermined metrics used in some embodiments to determine the 

hierarchical algorithm to be selected can be based on a predicted quality of the output 

data for each pre-trained model In some of these embodiments, quality can be defined 

by any or all of: an error rate; a peak signal-to-noise ratio; or a structural similarity index. 

15 Spatio-temporal approach 

According to an aspect there Is provided a method for enhancing at least a 

section of lower-quality visual data using a hierarchical algorithm, the method comprising 

the steps of: receiving at least a plurality of neighbouring sections of lower-quality visual 

20 data; selecting a plurality of input sections from the received plurality of neighbouring 

sections of lower quality visual data; extracting features from the plurality of input 

sections of lower-quality visual data; and enhancing a target section based on the 

extracted features from the plurality of input sections of lower-quality visual data_ 

In some embodiments, performing the enhancement on the extracted features 

25 reduces the computational expense of the enhancement by using hierarchical algorithms 

trained on the lower-quality visual data 

Optionally, the target section corresponds to one of the received plurality of 

neighbouring sections of lower-quality visual data_ Alternatively, the target section may 

not correspond to one of the received plurality of neighbouring sections of lower-quality 

30 visual data. 

In some embodiments, having the target section correspond to one of the 

received sections allows the enhancement to work in the spatial domain. Conversely, in 

some embodiments, when the target section does not correspond to one of the received 

sections, then enhancement can be used to predict sections occurring between received 

35 sections, or alternatively to predict future sections. 
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Optionally, the at least one section of lower-quality visual data comprises any of: 

a single frame of lower-quality visual data, a sequence of frames of lower-quality visual 

data, and a region within a frame or sequence of frames of lower-quality visual data. The 

lower-quality visual data may further comprise a plurality of frames of video_ 

Depending on the visual data file being processed, in some embodiments models 

can be selected for sections of visual data comprising a single frame, a sequence of 

frames or a region within a frame or sequence of frames. In these embodiments each 

could be necessary in order to provide the most efficient method of reconstructing a 

higher quality version of a part of the original visual data 

1 O Optionally, at least one of the plurality of selected input sections and the target 

sections are frames of lower-quality visual data, and the at least one of the plurality of 

selected input sections occurs sequentially before the target section. Furthermore, at 

least one of the plurality of selected input sections and the target sections may be 

frames of lower-quality visual data, and the at least one of the plurality of selected input 

15 sections may occur sequentially after the target section_ 

In some embodiments, having one of the selected input sections occur 

sequentially in time before or after the target section of the lower-quality visual data 

enables the enhancement to predict a possible future section, or section still to be 

received, but that is not included in the any possible target section_ As such, in some of 

20 these embodiments, having a section before or after the target section may also enable 

the enhancement to predict a section occurring between two sections. 

Optionally, the hierarchical algorithm comprises a plurality of layers, furthermore 

the layers may be any of sequential, recurrent, recursive, branching or merging 

Having a number of layers In some embodiments, which may or may not be 

25 sequential, recurrent, recursive, branching or merging allows different levels of 

processing to occur at different times and the layers can work in parallel, ensuring 

optimal effIcIency when enhancing the lower-quality visual data. 

Optionally, the extracting the subset of features is based upon a predetermined 

extraction metric. 

30 In some embodiments, enabling a variety of features to be extracted as set by the 

predetermined extraction metric ensures the enhancement can be tailored to a particular 

system. As such, In some of these embodiments the computational expense can 

increased or decreased appropriately based on system resources 

Optionally, the received plurality of neighbouring sections of lower-quality visual 

35 data are consecutive sections of lower-quality visual data 
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In some embodiments the use of consecutive sections of lower-quality visual data 

enables more accurate enhancement of the lower-quality visual data. ReceIvIng a 

plurality of sections or consecutive sections providing more information used to be able 

to be used when enhancing sections around the received sections of lower-quality visual 

5 data. 

Optionally, a predetermined algorithm metric used to determine the hierarchical 

algorithm to be selected. 

In some embodiments, having a plurality of predetermined algorithms which may 

be selected based on a predetermined algorithm metric ensure optimal efficiency when 

1 O enhancing the visual data by having a library of hierarchical algorithms which have 

already been determined to enhance the quality of visual data. In these embodiments, 

these predetermined algorithms may then be used as a basis for further enhancements 

Optionally, predetermined algorithm metric is based on generating the highest 

quality version of the lower-quality visual data, preferably wherein quality can be defined 

15 by any of an error rate; a bit error rate; a peak signal-to-noise ratio; or a structural 

similarity index. Furthermore, standardised features of the received plurality of 

neighbouring sections of lower quality visual data may be extracted and used to select 

the hierarchical algorithm from the library of algorithms. 

In some embodiments, a reconstructed section of visual data of the highest 

20 quality according to any of the above metrics can be desirable to a viewer, as it is liable 

to show the truest representation of the original higher- quality visual data. In these 

embodiments, the broadcaster of the original higher- quality visual data is also likely to 

prefer that the viewer sees the visual data as it has been prepared, without distortion 

from the down sampling and transmission process. 

25 Optionally, other data can be provided to the algorithm Optionally, the other data 

can be optical flow between frames. Optionally, the optical flow between frames can be 

calculated outside of the algorithm or can be part of the training of the algorithm. 

In some embodiments, other data can be fed into the network, such as optical 

flow between the frames or a measure thereof. In these embodiments, the optical flow 

30 can be calculated separately outside the neural network or can be incorporated into the 

training of the neural network. In these embodiments, this data can simply be 

concatenated onto the end of each frame data. In some embodiments it is not sent 

during transmission In other embodiments, a variant of optical flow can be extracted 

from the encoded video (as it forms a basis of the inter-frame compression) 

35 
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Enhancing Visual Data 

According to a aspect there is provided a method for enhancing at least a section 

of lower-quality visual data, the method comprising steps of receiving at least a section 

5 of the lower-quality visual data; selecting a hierarchical algorithm from a plurality of 

hierarchical algorithms, wherein the step of selection is based on a predetermined metric 

and wherein the hierarchical algorithms were developed using a learned approach and 

at least one of the hierarchical algorithms is operable to increase the quality of the lower­

quality visual data; and using the selected hierarchical algorithm to increase the quality 

1 O of the lower-quality visual data to create a higher-quality visual data. 

Some embodiments provide a method for enhancing at least a section of visual 

data that has been transmitted across a network In these embodiments, by selecting a 

hierarchical algorithm based on a predetermined metric, a suitable hierarchical algorithm 

can be chosen from a library of algorithms that will be able to more accurately recreate 

15 the original visual data than a generic hierarchical algorithm 

Optionally, the lower-quality visual data is divided into smaller sections based on 

similarities between a plurality of sections of the original visual data. 

In some embodiments, by dividing the visual data into smaller sections or 

'scenes'. based on a particular metric for similarity, more efficient models can be 

20 generated For example, in some embodiments multiple sections can be selected, all of 

which comprise part of a landscape shot, and only one hierarchical algorithm will be 

required to remove artefacts from the scene as opposed to a marginally different model 

for every separate section In some of these embodiments, if the next scene in the 

visual data Is very different, for example a scene with significant movement, then It will 

25 be detected as such and a new hierarchical algorithm can be generated accordingly In 

some embodiments, specific hierarchical algorithms can be trained for each scene or 

section, enabling the artefact removal approach to be adaptive and to allow at least 

some optimisation of the artefact removal. 

Optionally, the predetermined metric is based on a content-type and a measure 

30 of artefact severity of the lower-quality visual data_ Furthermore, the artefact severity 

may be based on at least one artefact which may be any one of, or combination of: 

blocking, blurring, pixelation, ringing, aliasing, missing data, and other marks, blemishes, 

defects and abnormalities in visual data 

In some embodiments, by basing the predetermined metric on the artefact 

35 severity of the lower-quality visual data, the artefact correction model resulting from the 
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training and optimisation process can be referenced by the artefact severity of the scene 

it relates to. In these embodiments, this allows for a more accurate selection of a 

suitable artefact removal model when selecting a model from the library to clean new 

visual data 

5 Optionally, the plurality of hierarchical algorithms is any of: pre-trained 

hierarchical algorithms on example data; or manually created hierarchical algorithms. 

In some embodiments, a pre-trained hierarchical or manually created hierarchical 

algorithm will be able to more accurately recreate the original visual data than a generic 

artefact removal hierarchical algorithm 

1 O Optionally, if a suitable hierarchical algorithm is not present in the plurality of 

hierarchical algorithms, a generic hierarchical algorithm is selected instead. 

In some embodiments, a generic hierarchical algorithm may be used instead of a 

specific, trained model in situations where the library of algorithms does not include an 

visual data artefact removal model that has been trained on a similar enough content 

15 type and artefact graded to the received visual data In these embodiments, the generic 

hierarchical algorithm may then be more accurate in removing the artefacts than the 

specifically trained hierarchical algorithms available. 

Accelerating Machine Optimisation Processes 

20 

According to an aspect, there is provided a method for training learned 

hierarchical algorithms, the method comprising the steps of: receiving input data; 

generating metrics from the input data; selecting at least one hierarchical algorithm from 

a plurality of predetermined hierarchical algorithms based on comparing the generated 

25 metrics from the input data and like metrics for each of the plurality of predetermined 

hierarchical algorithms; developing the selected hierarchical algorithm based on the 

input data; and outputting a developed hierarchical algorithm. 

Providing a plurality of pre-trained sets of parameters or models in some 

embodiments allows the training of a machine learning process to be accelerated. In 

30 these embodiments, input data to be processed by a trained machine learning process 

can have a tailored model, or set of parameters, developed for that input data based on 

the selected most similar pre-trained model. In such embodiments, the selection of the 

one or more most similar pre-trained model(s) can be done based on one or more 

metrics associated with the pre-trained models compared to the input data In at least 

35 some of these embodiments the most similar pre-trained model can be used as a 
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starting point for developing the tailored model for the data as a tailored model does not 

have to undergo as extensive development as needed when developing a model from 

first principles. In some embodiments, using a similar or the most similar pre-trained 

model can also help with avoiding or escaping local minima (for incorrect solutions) 

5 during training 

Optionally, the method further comprises the step of storing the developed 

hierarchical algorithm with plurality of predetermined hierarchical algorithms along with 

the generated metrics from the input data. 

In some embodiments, each new tailored model is then stored in a library of pre-

1 O trained models In these embodiments, repeating or identical input data can re-use a 

tailored model that already exists without any further modification. In such 

embodiments, the closer a model is to an optimised version the less computation is 

required to generate a more optimal model. In these embodiments, as more signals and 

data are processed, an increasingly more extensive collection of models can be 

15 established in the library, requiring reduced development for tailored models for new 

data thereby saving computational effort. 

20 

25 

Optionally, the plurality of predetermined hierarchical algorithms may be any of: 

pre-trained hierarchical algorithms on example data; or manually created hierarchical 

algorithms 

In some embodiments, the predetermined hierarchical algorithms can be based 

on example data or manually created to allow a user to create specific behaviours in any 

eventual trained model or set of parameters 

Optionally, the step of developing the selected hierarchical algorithm may be 

based on the input data comprises developing a more optimised hierarchical algorithm. 

In some embodiments, developing the predetermined hierarchical algorithms can 

improve the example-based set of parameters to create a more optimised set of 

parameters. 

Optionally, the hierarchical algorithm comprises at least one of any of: a specific 

parameter for the reconstruction of data; or a mapping function for the reconstruction of 

30 data 

In some embodiments, each hierarchical algorithm can be used to provide for the 

reconstruction of data. In some of these embodiments, the reconstruction process can 

vary, and therefore the model can comprise different features, coefficients and/or 

parameters that would allow for reconstruction and each layer of the hierarchical 

35 algorithm can comprise features, coefficients and/or parameters. Further, in some 
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embodiments the parameters for the reconstruction of visual data can comprise one or 

more hierarchical algorithms. 

Optionally, the plurality of hierarchical algorithms may be stored in a repository. 

For ease of access to the plurality of predetermined example-based models, in 

5 some embodiment the models can be stored in a repository. In these embodiments, the 

repository can take the form of a library. In some embodiments, the repository can be 

located on a remote device and/or distributed computing system (such as a cloud 

computing and/or storage service and/or distributed networked system or peer-to-peer 

system). 

1 O Optionally, the method may comprise the further steps of: extracting features of 

the input data; and using the extracted features to select a predetermined hierarchical 

algorithm from the plurality of predetermined hierarchical algorithms to provide initial 

parameters for the developed hierarchical algorithm. 

In some embodiments, extracted standardised features are used to produce a 

15 value or series of values based on a metric from the input data In these embodiments, 

the metric can then be used to select the pre-trained model from the library which is 

most appropriate for the input data, as each model in the library has associated metric 

values based on the input data from which the models were respectively trained, the 

selection based on the similarity between the metrics associated with the input data and 

20 each of the pre-trained models 

Optionally, the metrics may be based on generating the highest quality output 

data, preferably wherein quality can be defined using any of an error rate, a peak 

signal-to-noise ratio; a distance metric; a similarity measure; or a structural similarity 

index. 

25 In some embodiments, the predetermined metrics used to determine the 

hierarchical algorithm to be selected is based on a predicted quality of the output data 

for each pre-trained model. In some of these embodiments, quality can be defined by 

any or all of: an error rate; a peak signal-to-noise ratio; or a structural similarity index. 

Optionally, the hierarchical algorithm is selected based on providing optimal 

30 initialisation data when in use 

By providing initialisation data which is optimal in at least some embodiments, 

thereby being as close as possible to the section of visual data being analysed, fewer 

iterations are required to adapt the model into a form to allow for the highest quality 

reconstruction according to any of the metrics above In these embodiments, 
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computational effort and time is therefore reduced when processing the section of visual 

data. 

Enhancing Model Libraries 

According to an aspect, there is provided a method for enhancing visual data 

when communicating visual data over a network from a first node to a second node, the 

method at the first node comprising the steps of developing at least one modified 

hierarchical algorithm from a known hierarchical algorithm operable to substantially 

1 0 recreate at least one section of higher-quality visual data; transmitting to the second 

node references to one or more known hierarchical algorithms from which the modified 

hierarchical algorithms were developed; and transmitting to the second node one or 

more modifications to the one or more known hierarchical algorithms operable to 

reproduce the one or more modified hierarchical algorithms from the known hierarchical 

15 algorithms; wherein the second node is able to recreate substantially the higher-quality 

visual data using the modified hierarchical algorithm. 

According to another aspect, there is provided a method for enhancing visual 

data when communicating visual data over a network from a first node to a second 

node, the method at the second node comprising the steps of receiving a reference to a 

20 known algorithm corresponding to a section of higher-quality visual data; receiving 

corresponding modifications to the known hierarchical algorithm operable to produce a 

modified hierarchical algorithm, the modified hierarchical algorithm developed with the 

knowledge of the section of higher-quality visual data; and using the modified algorithm 

to substantially recreate the section of higher-quality visual data. 

25 In some embodiments, knowledge of the section of higher-quality visual data can 

comprise knowing the encoder settings and/or the content category for at least one of 

the low-quality visual data, original visual data and the higher-quality visual data. In 

some of these embodiments, the content category can be based on a predetermined set 

of categories or a determines set of categories. 

30 According to a further aspect, there is provided a system for enhancing visual 

data when communicating visual data over a network, the system comprising two or 

more nodes, wherein a first node is configured to: develop at least one modified 

hierarchical algorithm from a known hierarchical algorithm operable to substantially 

recreate at least one section of higher-quality visual data; transmit to the second node 

35 references to one or more known hIerarchIcal algorithms from which the modified 
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hierarchical algorithms were developed; and transmit to the second node one or more 

modIfIcatIons to the one or more known hIerarchIcal algorithms operable to reproduce 

the one or more modified hierarchical algorithms from the known hierarchical algorithms; 

wherein a second node is configured to receive a reference to a known algorithm 

5 corresponding to a section of higher-quality visual data; receive corresponding 

modifications to the known hierarchical algorithm operable to produce a modified 

hierarchical algorithm, the modified hierarchical algorithm developed with the knowledge 

of the section of higher-quality visual data; and use the modified algorithm to 

substantially recreate the section of higher-quality visual data 

1 O In some embodiments, by transmitting a reference to a known algorithm and 

modifications to that algorithm that allow a modified algorithm to be produced to enable 

reconstruction of a high- quality section or series of sections of visual data, less data can 

be transferred over a network to enable a high- quality visual data to be viewed 

compared to transmitting the high quality visual data. In some of these embodiments 

15 the algorithms, also known as models, representations or functions, can also be more 

accurate and therefore enable a more accurate reconstruction, i.e. produce a higher 

quality high- quality visual data, for example where quality can be measured by a low 

error rate in comparison to the original high- quality visual data. 

Optionally, known hierarchical algorithm is selected from a library of hierarchical 

20 algorithms stored at the first node. 

Optionally, the reference received by the second node corresponds to a known 

hierarchical algorithm stored in a substantially matching library at the second node. 

Optionally, if the second node cannot identify the known hierarchical algorithm, 

the second node sends a request to the first node for transmission of the known 

25 hierarchical algorithm from the first node to the second node 

In some embodiments, by providing common or synchronised libraries of 

algorithms at both the first and the second nodes, and by transmitting a reference or 

reference identifier when transmitting the corresponding lower- quality visual data to 

allow selection of matching algorithms from both libraries using the reference identifier to 

30 identify the selected algorithm, only the reference identifier, the lower- quality visual data 

and the modifications to the stored hierarchical algorithms need to be transmitted 

between the nodes thus data transmission is reduced as the full algorithm doesn't need 

to be transmitted 

Optionally, the modified hierarchical algorithm is stored in a library at the first 

35 node after being developed. 
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In some embodiments, by storing the newly developed algorithm at the first node, 

the algorithm may be used as a starting point to develop further modIfIed algorithms for 

similar high quality visual data, increasing the efficiency of the method in future 

situations 

5 Optionally, the modified hierarchical algorithm is stored In a library at the second 

node after transmission of the one or modifications to the known hierarchical algorithm 

from the first node to the second node 

In some embodiments, storing the modified algorithm at the second node after it 

has been recreated from the known algorithm and the transmitted modifications allows it 

1 O to be referenced in the future when the modified algorithm is used as a starting point to 

develop a new algorithm at the first node. In such embodiments, this can prevent 

duplication. 

In some embodiments, the first node may transmit known algorithms to the 

second node prior to sending the modIfIcatIons required to make the modified algorithm 

15 to ensure that the required known algorithm is present at the second node. In such 

embodiments, this can reduce errors. 

Optionally, one or more representations of the one or more sections of higher­

quality visual data are transmitted to the second node and to which the one or more 

modified hierarchical algorithms are applied to substantially reproduce the one or more 

20 sections of higher-quality visual data 

In some embodiments, by transmitting representations of the higher quality visual 

data to the second node the reconstruction of the higher quality visual data can be aided 

by applying the modified reconstruction model to the representation, but still with less 

data being transferred across the network than if the higher quality visual data had been 

25 transmitted 

Optionally, one or more sections of lower-quality visual data corresponding to the 

one or more sections of higher-quality visual data are transmitted to the second node 

and to which the one or more modified hierarchical algorithms are applied to 

substantially reproduce the one or more sections of higher-quality visual data. 

30 Optionally, down-sampling is used to reduce the quality of one or more sections 

of higher-quality visual data to one or more sections of lower quality visual data 

Optionally, the one or more sections of lower-quality visual data are generated 

from the one or more sections of higher-quality visual data using a process of 

compression and/or quantisation_ 

45 

Microsoft Exhibit 1002 - Page 164 
Microsoft Corporation v. RealD Spark, LLC 
IPR2023-01046 - U.S. Patent No. 10,740,985



WO 2016/1321-t8 PCT /G 82016/050-1-26 

In some embodiments, by lowering the quality of the section of visual data, less 

data needs to be sent across a network from a first node to a second node In order for 

the second node to receive the file. In these embodiments, the lower quality version 

together with a model to be used for reconstruction can still allow for less data to be 

5 transmitted than if the original higher-quality version of the same section of visual data Is 

transmitted (where the quality can be determined by the resolution and/or the level of 

compression). 

10 

Strided Convolutions 

According to an aspect, there is provided a method for enhancing at least a 

section of lower-quality visual data using a hierarchical algorithm, the method comprising 

steps of: receIvIng at least one section of lower-quality visual data; extracting a subset of 

features, from the at least one section of lower-quality visual data forming a plurality of 

15 layers of reduced-dimension visual data from the extracted features; and enhancing the 

plurality of layers of reduced dimension visual data to form at least one section of higher­

quality visual data wherein the at least one section of higher-quality visual data 

corresponds to the at least one section of lower-quality visual data received. 

In some embodiments, extracting a subset of features from a section of lower 

20 quality visual data enables performance to be increased by only performing the 

enhancement on the subset of features as opposed to the entirety of the lower quality 

visual data thereby reducing the amount of computation, whilst still achieving 

acceptable enhancements 

Optionally, the extracted subset of features Is dependent upon one or more 

25 predetermined factors_ 

In some embodiments, the use of a predetermined factor to extract the subset of 

features enables the method to be tailored to a plurality of systems of different 

capabilities, and allows customisation of the amount of data to extract, allowing for a 

more accurate selection of a reconstruction model to enhance the lower quality visual 

30 data in an appropriate amount of time 

Optionally, the number of layers is dependent upon the one or more 

predetermined factors. 

In some embodiments, the number of layers being based upon the one or more 

predetermined factors ensures the reconstructed higher-quality visual data corresponds 

35 to the lower-quality visual data received. 
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Optionally, the lower-quality visual data comprises a plurality of sections of video 

data. 

In some embodiments, video may be used in the method, enabling the 

techniques to be applied to lower-resolution video data and upscaling it to corresponding 

5 higher resolution video data 

Optionally, the at least one section of lower-quality visual data comprises any of: 

a single frame of lower-quality video data, a sequence of frames of lower-quality video 

data, and a region within a frame or sequence of frames of lower-quality video data_ 

In some embodiments, depending on the visual data being processed, models 

1 O can be used for sections of video data comprising a single frame, a sequence of frames 

or a region within a frame or sequence of frames. In some of these embodiments, each 

option could be necessary in order to provide the most efficient method of reconstructing 

a higher resolution version of a part of the received video file In some embodiments, 

regions can include areas wIthIn a section, or segmentation between the background 

15 and foreground within a section, or some other content-based segmentation such as 

saliency based segmentation (i.e. where on each section of visual data a viewer is most 

likely to look). 

Optionally, the hierarchical algorithm differs for each section of visual data. 

In some embodiments, the use of different hierarchical algorithms for each 

20 section of visual data enables the most efficient hierarchical algorithm to be used for a 

particular section as opposed to using a single hierarchical algorithm for the entire visual 

data 

Optionally, the hierarchical algorithm is selected from a library of algorithms 

In some embodiments, a library of a plurality of algorithms allows for efficient 

25 selection of an hierarchical algorithm from the plurality of algorithms without delays due 

to communication links 

Optionally, standardised features of the at least one section of received lower­

quality visual data are extracted and used to select the hierarchical algorithm from the 

library of algorithms. 

30 Optionally, the hierarchical algorithm to be selected from the library of algorithms 

is based on generating the highest quality version of the lower-quality visual data, 

preferably wherein quality can be defined by any of: an error rate; a bit error rate; a peak 

signal-to-noise ratio, or a structural similarity index 

In embodiments, a variety of options are available in order to select which 

35 algorithm In the library of algorithms will output the best enhanced and enhanced visual 

47 

Microsoft Exhibit 1002 - Page 166 
Microsoft Corporation v. RealD Spark, LLC 
IPR2023-01046 - U.S. Patent No. 10,740,985



5 

WO 2016/1321-t8 PCT /G 82016/050-1-26 

data from the received visual data, for example an error rate such as the bit error rate 

can be used 

General Aspects 

It should be noted that in some aspects and/or embodiments, the terms model 

and/or algorithm and/or representation and/or parameters and/or functions can be used 

interchangeably 

It should also be noted that visual data, in some embodiments, may comprise 

1 O image and/or video data. 

Optionally, the modified hierarchical algorithm is trained using a learned 

approach. 

In some embodiments, hierarchical or non-hierarchical algorithms can be 

substantially accurate and therefore enable a more accurate reconstruction, I.e produce 

15 higher quality high- quality visual data from the low- quality visual data that is 

transmitted, for example where quality can be measured by resolution or by a low 

reproduction error rate in comparison to the original high- quality visual data. In some 

embodiments using a learned approach can substantially tailor the hierarchical model or 

models for each portion of low-quality visual data 

20 Optionally, the learned approach comprises machine-learning techniques The 

modified hierarchical algorithm may also be a non-linear hierarchical algorithm, which 

may comprise one or more convolutional neural networks 

In some embodiments, non-linear models can be substantially accurate in 

reconstructing higher- quality sections of visual data than dictionary-based approaches. 

25 In these embodiments, through using a learning-based approach, i.e. an approach that 

does not rely on pre-defined visual data features and operators, the model(s) can be 

optimised for each section or sequence of sections. 

In some embodiments, the training of convolutional neural networks can be more 

computationally complex than dictionary learning for a similar accuracy, but the resulting 

30 model or algorithm can also be more flexible in representing visual data while using 

fewer coefficients for the reconstruction. In these embodiments, the resultant 

convolutional neural network model to be transmitted alongside the lower- quality visual 

data can be both smaller and can be more accurate in the reconstruction of a higher­

quality visual data. 

35 Some aspects can provide an improved technique for generating reconstruction 
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parameters that can be used, when converting an original high- quality video into a 

down-sampled low- quality video, to allow recreation of a higher- quality version of the 

video from down-sampled low- quality video without significant loss in quality, for 

example having a low reconstruction error in comparison with the original high- quality 

5 video, and with a reduction in visual data transferred over a network. In such aspects, 

the application of such a technique can reduce the data transmitted when transmitting 

visual data in comparison with existing techniques while enabling reproduction of the 

visual data at its original quality without significant loss in quality in comparison to the 

original visual data (where quality can be defined by objective metrics such as error rate, 

10 PSNR and SSIM as well as subjective measures). In such aspects, such a proposed 

technique can allow minimal changes to be made to the overall infrastructure of video 

service providers, as it can augment most existing video compression techniques, and 

can provide advantages in video encoding and video streaming applications. 

Optionally, the higher-quality visual data Is at a higher- quality than the lower-

15 quality visual data. 

Optionally, the lower-quality visual data contains a higher amount of artefacts 

than the higher-quality visual data. 

Optionally, the hierarchical algorithm performs visual data enhancement, 

preferably using super- quality techniques. 

20 Optionally, the hierarchical algorithm uses a spatio-temporal approach 

In some embodiments, optionally for use for a section of visual data, the example 

based model may be a neural network and can use spatio-temporal convolution. In 

some embodiments, separating visual data into a series of sections allows for the 

individual sections to be down-sampled thus reducing the visual data size, thereby 

25 allowing for lower quality sections to be transmitted as re-encoded visual data in the 

original or optionally a more optimal codec but at a lower quality . In some embodiments, 

a spatio-temporal network can allow an improvement In performance by exploiting the 

temporal information in the visual data and, for example, within a similar scene in 

sequential sections of visual data, there may be stationary sections of background in the 

30 sequential sections providing information relevant for the higher- quality version of that 

scene such that temporally consecutive sections can be used to super resolve one 

section. 

Aspects and/or embodiments include a computer program product comprising 

software code to effect the method and/or apparatus of other aspects and/or 

35 embodiments herein described 
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References to visual data can be references to video data and/or image data in 

some aspects and/or embodiments and vice versa. References to low-quality and/or 

lower-quality can be references to low-resolution and/or lower-resolution in some 

aspects and/or embodiments and vice versa References to high-quality and/or higher-

5 quality and/or highest quality and/or original quality can be references to high-resolution 

and/or higher-resolution and/or highest-resolution and/or original resolution in some 

aspects and/or embodiments and vice versa. References to sections can be references 

to frames and/or portions of frames in some aspects and/or embodiments and vice 

versa References to enhance or enhancement can be references to upscale and/or 

1 0 upscaling in some aspects and/or embodiments and vice versa. 

Brief Description of Drawings 

Embodiments of the present invention will now be described, by way of example 

15 only and with reference to the accompanying drawings having like-reference numerals, 

in which: 

20 

Figure 1 illustrates an over-complete dictionary of 16 x 16 atoms; 

Figure 2a illustrates the layers In a convolutional neural network with no sparsity 

constraints; 

Figure 2b illustrates the layers in a convolutional neural network with sparsity 

constraints; 

Figure 3 illustrates the encoding process to generate for transmission, from high­

resolution visual data, a combination of low-resolution visual data and convolution neural 

network able to use super resolution to increase the resolution of the low-resolution 

25 data; 

Figure 4 illustrates the decoding process using the low-resolution visual data and 

convolution neural network to recreate a version of the high-resolution visual data, 

Figure 5 is a flowchart illustrating the method steps for encoding a visual data for 

transmission using the process of Figure 3; 

30 Figure 6 is a flowchart illustrating the method steps for decoding the visual data 

and convolution neural network data generated using the method shown in Figure 5; 

Figure 7 is a diagram of an efficient sub-pixel convolutional network according to 

an embodiment, featuring two feature map extraction layers built with convolutional 

neural networks, and a sub-pixel convolutional layer that aggregates the feature maps 

35 from low-resolution space and builds the super resolution image in a single step; 
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Figure 8 is a diagram of the network architecture according to an embodiment for 

super resolution using three input frames where only the input layer Is modIfIed to Jointly 

handle three input frames for the super resolution prediction of only the middle frame 

while the hidden layers are identical to those in Figure 7; 

Figure 9 is a flow chart illustrating the method steps for a machine learning 

process; 

Figure 10 illustrates the encoding process to generate for transmission, from high 

resolution visual data and known convolutional neural networks, low resolution visual 

data and modifications to the known convolutional neural network, 

1 O Figure 11 illustrates the decoding process using the low resolution visual data 

and a reference to a known convolutional neural network, along with modifications to 

that network, to recreate a version of a high resolution visual data; 

Figure 12 illustrates a further encoding process to generate for transmission, from 

high resolution visual data and known convolutIonal neural networks a modified 

15 convolution neural network; and 

Figure 13 illustrates a further decoding process using a reference to a known 

convolutional neural network, along with modifications to that network, to recreate a 

version of a high resolution visual data; 

Figure 14 is a flowchart illustrating the method steps for a conventional image 

20 enhancement process from a lower resolution original visual data to a higher resolution 

visual data; 

Figure 15 is a flowchart illustrating the method steps for an image enhancement 

process according to an embodiment, where visual data is up-scaled from a lower­

resolution original visual data to a hIgher-resolutIon visual data, using a combination of 

25 the received visual data and a convolutional neural network selected from a library, the 

convolutional neural network able to use super resolution techniques to increase the 

resolution of the received visual data; 

Figure 16 is a flowchart illustrating the method steps for an image enhancement 

process to generate a down-sampled visual data for transmission from a higher-

30 resolution original visual data; the transmission of the down-sampled visual; and an 

image enhancement process to upscale from the down-sampled visual data to a higher­

resolution visual data, using a combination of the received down-sampled visual data 

and a convolutional neural network selected from a library, the convolutional neural 

network able to use super resolution techniques to increase the resolution of the 

35 received down-sampled visual data; 
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Figure 17 is a flowchart illustrating the method steps for an image enhancement 

process according to the embodiment in Figure 16, with additional steps for encoding 

visual data at another node prior to transmitting the encoded visual data to the node 

performing the method of Figure 16, 

Figure 18 is a flowchart illustrating the method of Figure 15, with the additional 

steps of extracting a reduced dimension representation and concatenating the visual 

data to create a reduced dimension representation of the separated frame; 

Figure 19 is a flowchart illustrating the method of Figure 16, with the additional 

steps of extracting a reduced dimension representation and concatenating the visual 

1 0 data to create a reduced dimension representation of the separated scene; 

15 

20 

Figure 20 is a flowchart illustrating the method steps for an image enhancement 

process according to the embodiment in Figure 19, with additional steps for encoding 

visual data at another node prior to transmitting the encoded visual data to the node 

performing the method of Figure 19; 

Figure 21 illustrates the selection of pixels from visual data based upon a 

predetermined value to produce reduced resolution visual data for processing by the 

method illustrated in Figures 18 through 20; 

Figure 22 illustrates an overview of a method of generating models for use in 

image artefact removal 

Figure 23 illustrates a method of using the image artefact removal models; 

Figure 24 illustrates an alternative method of using the image artefact removal 

models; 

Figure 25 illustrates the encoding process to generate, for transmission, from 

high resolution video data, a combination of low resolution visual data and a reference to 

25 an algorithm able to use super resolution to increase the resolution of the low resolution 

30 

35 

visual data, 

Figure 26 illustrates the decoding process using the low resolution visual data 

and the algorithm corresponding to the received reference to recreate a version of the 

high resolution visual data; and 

Figure 27 illustrates the method steps of the encoding process to generate for 

transmission, from original visual data being recorded through to the transmitted 

package of a lower-resolution scene along with a hierarchical algorithm. 

Specific Description 
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Various embodiments will now be described in detail with reference to the 

Figures referenced above. 

Reduction of Complexity In Neural Networks 

With reference to Figures 2a and 2b, various possible configurations of neural 

network for use in at least some embodiments shall now be described in detail. 

An example layered neural network is shown in Figure 2a having three layers 10, 

20, 30, each layer 10, 20, 30 formed of a plurality of neurons 25, but where no sparsity 

1 0 constraints have been applied so all neurons 25 in each layer 10, 20, 30 are networked 

to all neurons 25 in any neighbouring layers 10, 20, 30. The example simple neural 

network shown in Figure 2a is not computationally complex due to the small number of 

neurons 25 and layers. Due to the density of connections, however, the arrangement of 

the neural network shown in Figure 2a won't scale up to larger sizes of network, i.e. the 

15 connections between neurons/layers, easily as the computational complexity soon 

becomes too great as the size of the network scales and scales in a non-linear fashion. 

Where neural networks need to be scaled up to work on inputs with a high 

number of dimensions, it can therefore become too computationally complex for all 

neurons 25 in each layer 1 O 20, 30 to be networked to all neurons 25 in the one or 

20 more neighbouring layers 10, 20, 30. A predetermined initial sparsity condition is used to 

lower the computational complexity of the neural network, for example when the neural 

network is functioning as an optimisation process, by limiting the number of connection 

between neurons and/or layers thus enabling a neural network approach to work with 

high dimensional data such as images. 

25 An example of a neural network is shown in Figure 2b with sparsity constraints, 

according to at least one embodiment The neural network shown in Figure 2b is 

arranged so that each neuron 25 is connected only to a small number of neurons 25 in 

the neighbouring layers 40, 50, 60 thus creating a neural network that is not fully 

connected and which can scale to function with, higher dimensional data - for example 

30 as an optimisation process for video. The smaller number of connections in comparison 

with a fully networked neural network allows for the number of connections between 

neurons to scale in a substantially linear fashion. 

Alternatively, in some embodiments neural networks can be use that are fully 

connected or not fully connected but in different specific configurations to that described 

35 in relation to Figure 2b. 
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Further, in some embodiments convolutional neural networks are used, which 

are neural networks that are not fully connected and therefore have less complexity than 

fully connected neural networks. Convolutional neural networks can also make use of 

pooling or max-pooling to reduce the dimensionality (and hence complexity) of the data 

5 that flows through the neural network and thus this can reduce the level of computation 

required. In some embodiments, various approaches to reduce the computational 

complexity of convolutional neural networks can be used such as the winograd algorithm 

or low-rank matrix approximations. 

1 0 End-to-end Super Resolution Enhancement Model Generation & Reconstruction 

Although initially designed to enhance single image frames, super resolution 

techniques can also be used on multiple frames in some embodiments. To apply these 

techniques in such embodiments, multiple low-resolution frames can be gathered 

15 together and the sub-pixel shifts between the individual frames can be used to create a 

higher resolution image than the original. In such embodiments, a series of frames can 

be combined to form a higher resolution video than was originally provided 

To improve on the above described dictionary-based approach for encoding and 

decoding video using super resolution techniques, in at least some embodiments it is 

20 proposed to use deep learning techniques and convolutional neural network models 

instead of dictionary learning techniques and dictionary-based models. 

Dictionary learning is closely related to sparse coding techniques, while deep 

learning is only more loosely connected with sparse coding Sparse coding is an 

effective mechanism that assumes any natural image can be sparsely represented in a 

25 transform domain Sparse coding is a technique used to automatically find a small 

number of representative patterns which, when combined in the right proportions, 

reproduce the original input patterns. The sparse coding for an input then consists of 

those representative patterns. From a signal processing perspective, it follows that 

complicated signals can be broken down into a small, i.e. sparse, number of simple 

30 signals. 

The transform domain can be a dictionary of image atoms, which can be learnt 

through a training process known as dictionary learning that tries to discover the 

correspondence between low-resolution and high-resolution sections of images (or 

"patches"). Dictionary learning uses a set of linear representations to represent an image 
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and where an over-complete dictionary is used, a plurality of linear representations can 

be used to represent each image patch to increase the accuracy of the representation. 

In at least some embodiments, instead it is proposed to use machine learning 

with deep learning techniques that can instead create non-linear representations of an 

5 image or sequence of images. 

When using machine learning and sparse coding principles, a training process is 

used to find optimal representations that can best represent a given signal, subject to 

predetermined initial conditions such as a level of sparsity 

When using convolutional neural networks in at least some embodiments, the 

1 0 efficiency in terms of computational and memory cost can be important. 

In some embodiments, convolutional neural network models (or hierarchical 

algorithms) can be transmitted along with the low-resolution frames of video data 

because the convolutional neural network models reduce the data transmitted in 

comparison with learned dictionaries being transmitting along with the low-resolution 

15 images, especially in comparison to transmitting learned over-complete dictionaries with 

the low-resolution images, in the case where the models and dictionaries have the same 

level of reconstruction accuracy. 

The convolutional neural network models of some embodiments allow the 

reconstruction process and image representation to be non-linear This is in contrast to 

20 the dictionary-based approach, which represents images in a linear fashion, as 

described above. The convolutional neural network models of some embodiments offer 

reconstruction with a feed-forward mechanism based on image convolution that is able 

to be computed in parallel and for which methods with high computational speed are 

available, such as the AMD® Tiled Convolution approach which can be used for fast 

25 image filtering 

The series of convolutions in a convolutional neural network model of some 

embodiments allow the neural network to be used to search for pixel correlations 1n a 

region far larger than the initial patch decomposition, but applying a weighting to weaken 

the importance of correlations for locations further away from the pixel of interest. In 

30 contrast, linear sparse coding approaches like dictionary learning are restricted to 

looking for correlations in an initial patch size, to avoid the computational complexity of 

searching the entire image. As a result, the method of these embodiments can more fully 

exploit the natural or non-local redundancies of the video frames and between a 

sequence of video frames 
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In some embodiments, optionally the convolutional neural network models only 

assume local spatial or spatio-temporal correlations In an image or video. This 

assumption Is in contrast to the assumption that small data patches must be well 

represented by a restricted number of atoms from a dictionary, which is a sparsity 

5 constraint applied to dictionary learning and over-complete dictionary approaches. 

In some embodiments, recurrent neural network models can be used. Recurrent 

neural network models have single layers that are used iteratively. The layers of a 

recurrent neural network model can be unrolled into a number of layers in order to be 

treated in a similar fashion to convolutional neural networks, in some embodiments. 

1 0 Referring now to Figures 3 and 5, a technique that can be used in method, 

apparatus and/or system embodiments to encode video data will now be described in 

detail 

Original video data 70 is a high-resolution video, for example having a resolution 

of 1920 pixels by 1080 pixels (also known as "1 0B0p" video) or 3840 pixels by 2160 

15 pixels (also known as '4K" video). This video data can be encoded in a variety of known 

video codecs, such as H.264 or VPB, but can be any video data that can be decoded 

into the component frames of the video. The original video data 70 is provided as input 

visual data for encoding using the technique. 

The original video data 70 is then split into single full-resolution frames at step 80 

20 (or step 190), i e into a sequence of images at the full resolution and/or quality of the 

original video data 70. For some video codecs, this will involve "uncompressing" or 

restoring the video data as, for example, common video compression techniques 

remove redundant (non-changing) features from sequential frames 

Optionally, at step 90 (or step 190), in some embodiments the full-resolution 

25 frames can be grouped into scenes or sections of frames having common features, 

otherwise known as "scene selection". The video data is split or clustered into scenes to 

enable more specific training and optimisation. By scene, It is meant a consecutive 

group or sequence of frames, which at the coarsest level can be the entire video, a 

single frame or at the most granular level can be or a section/segment of a frame. 

30 The exact approach employed for splitting frames into scenes can be performed 

in many ways, depending on embodiment with the four main approaches being 

described below: 

A first approach is the use of the frame-type groupings of the underlying video 

codec. In this approach, a scene is defined in the encoded video by each group of 

35 pictures (sometimes referred to by the abbrevIatIon "GoP"), for example between two I-
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frames This is probably the simplest approach for scene selection and does not require 

much additional computation to perform scene analysis of the video, but the approach 

does not allow any flexibility in the level of granularity in the definition of each scene. 

The second approach is the use of a scene or shot transition detector, for 

5 example as described in the paper "A Unified Model for Techniques on Video-Shot 

Transition Detection" by Jesus Besc6s, Guillermo Cisneros, Jose M. Martfnez, Jose M. 

Menendez, and Julian Cabrera as published in IEEE TRANSACTIONS ON 

MULTIMEDIA, VOL. 7, NO 2, APRIL 2005 on pages 293-307 which is incorporated 

herein by reference_ This approach proposes a unified detection model to detect 

1 O camera-shot transitions in video, detecting both abrupt and gradual camera-shot 

transitions. 

The third approach is the use of a clustering approach after applying an 

unsupervised learning or dimensionality reduction approach such as K-means clustering 

or manifold learning or Principle Component Analysis (PCA) etc. A suitable K-means 

15 clustering approach is detailed in the paper "Constrained K-means Clustering with 

Background Knowledge" by Kiri Wagstaff, Claire Cardie, Seth Rogers and Stefan 

Schroedl as published In the Proceedings of the Eighteenth International Conference on 

Machine Learning, 2001, p. 577-584. A suitable manifold learning approach Is proposed 

in the paper "Algorithms for manifold learning" by Lawrence Cayton published on June 

20 15, 2005 Both of these papers are herein incorporated by reference 

The fourth approach is to use a range of predefined scene classes and then 

automatically classifying scenes using the predefined classes Examples of this 

approach can be found in the paper "Nonparametric Scene Parsing Label Transfer via 

Dense Scene Alignment" by Ce Liu, Jenny Yuen and Antonio Torralba having IEEE 

25 reference 978-1-4244-3991-1/09 and the paper '80 million tiny images a large dataset 

for non-parametric object and scene recognition" by Antonio Torralba, Rob Fergus and 

William T. Freeman. Both of these papers are herein incorporated by reference. 

The exact approach for how a scene is defined is independent from the rest of 

the approach, and will vary by embodiment, although it will have an impact on the 

30 training time and the reconstruction performance so there is a level of optimisation 

required for each possible embodiment to find a balance between the speed and the 

accuracy of the scene detection step. 

Alternatively, no scene matching needs to be performed at step 90 (or step 190) 

in some embodiments A further alternative for some embodiments is to perform only 

35 very basic time-stamping of the video, to determine how to reassemble the video frames 
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for later stages in the technique, for example during transmission or during playback of 

the video. 

Regardless whether the video has been broken into frames or scenes (i.e. groups 

of multiple frames) in step 90 (or step 190) or remains as a sequence of frames from 

5 step 80 (or step 190), each frame is down-sampled into lower resolution frames at a 

suitably lower resolution. Optionally, in some embodiments this step can occur before 

the frames are grouped into scenes in step 80 (or step 190), so step 90 (or step 190) 

can be exchanged with step 90 (or step 190) in these alternative embodiments The 

lower-resolution frame can, for example, be 33% to 50% of the data size relative to the 

1 O data size of the original-resolution frame, but In should be appreciated that in 

embodiments the lower resolution can be any resolution that is lower than the original 

resolution of the video 

In step 110 (or step 200), in at least one embodiment super resolution 

techniques are employed to create a specIfIc model using machine learning for each 

15 frame, so that the model can be used to substantially recreate the original resolution 

version of a lower-resolution frame and trained using machine learning based on 

knowledge of the original-resolution frame. This step Is termed the training and 

optimisation process In some embodiments, generic models can be developed for types 

of scene or frame Alternatively in other embodiments, models can be developed for 

20 each scene 

By employing a deep learning approach to generating the model in 

embodiments, a non-linear hierarchical model can be created in some of these 

embodiments to reconstruct a higher-resolution frame from the lower-resolution frame 

An example of a deep learning approach, but in respect of only still images and 

25 without use of the original image to optimise the reconstruction model, is described in 

the paper "Learning a Deep Convolutional Network for Image Super-Resolution" by 

Chao Dong, Chen Change Loy, Kaiming He, and Xiaoou Tang published in D. Fleet et 

al. (Eds.) ECCV 2014, Part IV, LNCS 8692, pp. 184-199, 2014 and this paper is 

incorporated herein by reference. This paper relates to using super resolution 

30 techniques when trying to obtain an unknown high resolution version of a given low 

resolution image and proposes the use of a convolutional neural network to learn 

mappings between low resolution and high resolution images. 

While the creation of non-linear hierarchical models is more computationally 

complex than creating linear models using dictionary learning approaches, in at least 

35 some embodiments it can be more flexible. Further, the non-linear models created In 
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some of these embodiments can use only a few coefficients to enable reconstruction in 

comparison to the dIctIonary-based approach, thus such models can require less data to 

be transmitted. Still further. the non-linear models used in some embodiments can be 

more accurate in reconstructing higher-resolution frames than dictionary-based 

5 approaches. The non-linear models created in some embodiments are small 

convolutional neural networks rather than over-complete dictionaries In contrast to the 

local patch averaging approach that tends to be used in reconstruction by dictionary 

learning approaches, the use of a convolutional neural network model in embodiments 

also allows a more appropriate filter to be learned for final reconstruction where 

1 O neighbouring patches are considered, which can avoid unintended smoothing of the 

reconstructed higher-resolution image. 

The training and optimisation process in embodiments can be configured 

according to a desired trade-off between computational time spent and desired quality of 

results. In general, the number of iterations used during the training process yields 

15 approximately logarithmic gains in reconstruction accuracy, so in some embodiments it 

is preferred to use an automatic threshold to stop further optimisation. When favouring 

quality of results in embodiments, the automatic threshold can be set to a predetermined 

value of reconstruction error, for example by calculating the mean squared error. but 

other methods can be used Alternatively, in some embodiments the automatic threshold 

20 can be set to limit the training and optimisation process to a predetermined number of 

iterations. As a further alternative, in some embodiments a combination of these two 

factors can be used. 

In some embodiments, step 120 (or step 210), the portion of the low-resolution 

video and the reconstruction model for that portion of video are output for transmIssIon. 

25 Optionally, in some embodiments the video and model can be stored together within a 

suitable data container format such as a Matro ska Multimedia Container (otherwise 

known as a MKV container). Alternatively, in some embodiments the video and model 

can be combined with other sections or the entire video and placed into a suitable data 

container format In some embodiments, at step 120 (or step 210), the low-resolution 

30 video frames can be re-encoded using either the original video codec applied to the 

original video data 70 or, alternatively, a more optimal video codec can be applied to the 

video data to produce output video data 130. Optionally, if scene detection or time 

stamping was performed in some embodiments the data output for transmission can 

include either a list of scenes or time stamp data respectively or this data could be 

35 stored within the data container. 
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In embodiments there can be a number of variations to the encoding framework 

described above. For the above described technique, it can be assumed In many 

embodiments that there would be a one-to-one mapping between scene and model, 

however this does not need to hold true as a local cluster of scenes could be used to 

5 train each model in some embodiments. Conversely, it could also be possible in some 

embodiments to use several similar models to initialise (by way of a weighted average) 

initial parameters for training new unseen scenes It may also be sufficient to simply 

weight the models without requiring any further optimisation in some embodiments -

similar to label fusion methods used in medical imaging for example 

10 Referring now to Figures 4 and 6, embodiments for reconstructing the video 

encoded using the technique will now be described in detail. 

First the data 130 is received from the network In embodiments, the data 

received 130 depends on how the data was prepared for transmission in step 120 (or 

210) as detailed above In the various possible embodiments and the prepared data can 

15 include the video data and one or more reconstruction models for that video data. In 

some embodiments, it is possible that the video data and one or more reconstruction 

models are not transmitted and/or received simultaneously so some buffering may be 

required to wait for all of the components required to decode or reconstruct the higher­

resolution video from the data transmitted over the network. 

20 At steps 140 and 150 (and step 220), the received data is prepared for 

reconstruction depending on the embodiment. In most embodiments, this step involves 

separating the low-resolution video from the reconstruction models (step 220). 

Optionally, in some embodiments the low-resolution video is decompressed using the 

video codec used for transmission into full-resolution image frames (step 230) and each 

25 of the frames is matched up with the corresponding reconstruction model, which are also 

unpacked into frame-by-frame order (step 240) 

At step 160 (step 250), the reconstruction model is applied to each of the frames 

to output higher-resolution frames depending on the embodiment. The reconstruction, or 

decoding, process in most embodiments involves applying the optimised super 

30 resolution convolution al neural network model, or reconstruction model, for each scene 

in order to restore the lower-resolution video to its original resolution having substantially 

the same quality as the original high-resolution video. Given the corresponding models 

for each lower-resolution frame, the original higher-resolution frames can be 

reconstructed with high accuracy for at least some of these embodiments. 
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The complexity of the reconstruction process can be far simpler, i e require less 

computation, when compared to that of training the model in most embodiments In most 

embodiments the reconstruction process is very similar to a single iteration of the 

training process, however there is no optimisation required and the process simply 

5 applies the learnt convolutional neural network model to reconstruct the image on a 

patch-by-patch basis. In some embodiments, a singular model is applied to each scene 

and can be sent as accompanying data in the video container ahead of the scene in 

which it is used In some embodiments, the model associated with each scene can 

either be indexed in a data stream, synchronised with the video and audio stream, or 

1 O indexed in a frame-to-model look-up table which can be sent ahead of the video stream 

depending on the embodiment. 

The image reconstruction in most embodiments has a linear computational 

complexity, dependent on the total number of pixels of each frame, as the reconstruction 

process requires a series of convolution functions (typically less than 3) to be applied for 

15 each relevant image patch centred around each pixel A basic reconstruction step for 

each image is as described in the paper "Learning a Deep Convolutional Network for 

Image Super-Resolution" by Chao Dong, Chen Change Loy Kaiming He, and Xiaoou 

Tang published in D. Fleet et al. (Eds.): ECCV 2014, Part IV, LNCS 8692, pp. 184-199, 

2014, and this step can be used with or without modification in some embodiments 

20 however, in some of these embodiments these functions can be applied in parallel 

across multiple images and in some embodiments it can be feasible to perform real-time 

reconstruction for video playback. 

Super resolution operates on a patch-by-patch basis in most embodiments, but it 

may not be necessary to perform super resolution for every single patch of an image in 

25 some embodiments In some embodiments, where the patch is flat and smooth, using a 

bi-cubic upscaling can be sufficient It may be faster in some embodiments, for both 

training and reconstruction, if these patches could be bypassed. To identify these 

patches, one approach as set out in the paper "Coupled Dictionary Training for Image 

Super-Resolution" by Jianchao Yang, Zhaowen Wang, Zhe Lin, Scott Cohen and 

30 Thomas Huang (as published in IEEE TRANSACTIONS ON IMAGE PROCESSING, 

VOL 21, NO 8, AUGUST 2012), incorporated by reference, can be used in some 

embodiments to filter out patches which have low variances and ignoring these areas of 

the image Alternatively, in other embodiments edge detectors could be used instead to 

identify areas of interest 
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Further still, in some embodiments some level of inter-frame comparison can be 

used to identify regions of the image which do not change from frame to frame, thereby 

eliminating areas of the image from duplicating the efforts of super resolution 

reconstruction which occur in a previous frame In these embodiments the underlying 

5 video code for the low-resolution video can be used to identify the regions of change as 

part of its inter-frame compression mechanism and this information could be taken 

advantage for more efficient real-time super resolution reconstruction and video 

playback In addition, in some embodiments an auxiliary data-structure, such as a 

random fern, can be used to keep track of the uniqueness of patches that have been 

1 0 reconstructed. Given that an image may contain many repeating patches, use of this 

approach In some embodiments could prevent unnecessary reconstruction of patches 

whereby the result is already known (in another patch). Similar approaches have been 

used in key frame detection for real-time camera localisation for augmented reality 

applIcatIons. 

15 The proposed method and system of encoding and decoding video of at least 

some of the embodiments can augment existing video compression and decompression 

codecs. By using the same codec as used to create the video data, the low resolution 

video that is transmitted can be encoded with the same video codec but at a lower 

resolution that that of the original in some embodiments Thus, in some embodiments 

20 the proposed method and system can be independent of the original codec used to 

create and compress the video. Alternatively, In some embodiments it is possible to 

select an alternative codec for transmission and to re-encode the video back into the 

original codec when the video data has been transmitted, uncompressed and restored to 

a high resolution version of the original video data. 

25 By incorporating, for example in some embodiments, image enhancement 

techniques into a video compression process, a reduction in resolution of the video 

during transmission can be achieved and thus lower amounts of data are transmitted 

because the image can be enhanced at the node receiving the reduced-resolution video 

to recreate the video at the original resolution. By using super resolution as the image 

30 enhancement technique in such embodiments, and with the knowledge of the original 

high-resolution image before applying image enhancement techniques, it is possible to 

down-sample the original high-resolution image to a lower-resolution image and choose 

one or more representations from a library of representations that can be used to create 

a high-resolution image from the down-sampled image based on the knowledge of the 

35 original image. In such embodiments, this results In only a down-sampled image and the 
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super resolution reconstruction model or parameter being transmitted over a network 

instead of the original high resolution video, thus decreasing the amount of data 

transferred while maintaining a similar level of image quality relative to the original once 

the high-resolution image has been recreated. 

5 At step 170, in some embodiments each of the segments of video are output 

from the reconstruction process as higher-resolution frames at the same resolution as 

the original video 70. In these embodiments, the quality of the output video 180 is 

substantially similar to that of the original video 70, within the error bounds optionally 

applied by the machine learning process that develops the reconstruction model at step 

1 O 11 O (or step 200) of the encoding process. 

At step 180, in some embodiments the segments of video are combined such 

that the video can be displayed. Optionally at step 170 or 180, in other embodiments the 

video can be re-encoded with the original codec used on the original video 70 or a more 

predetermined optimal codec, to enable playback on a decoder or display device. 

15 In most embodiments, the proposed technique does not perform conventional 

compression by rearranging the original data and discarding redundant data or data 

deemed to be of least importance such that the maJority of the data is intact Instead, in 

these embodiments the technique determines a series of simple light-weight functions 

through machine learning that can be used to reconstruct the original data while 

20 minimising the reconstruction error given some pre-defined cost function (a number of 

optimisation or search frameworks common to machine learning can be used, such as 

gradient descent or stochastic gradient descent). Thus, it follows that the technique of 

these embodiments can be described as an optimisation process of the reconstruction 

functions rather than the data redundancy/reduction process of conventional 

25 compression techniques 

Sub-Pixel Convolution 

Referring now to Figures 3 and 5, embodiments using another technique to 

30 encode visual data will now be described in detail These embodiments can be used in 

combination with other embodiments and alternative and optional embodiments 

described elsewhere in this specification. 

Again, in these embodiments, original video data 70 is provided into the method 

or system and is a high-resolution video, for example having a resolution of 1920 pixels 

35 by 1080 pixels (also known as "1080p" video) or 3840 pixels by 2160 pixels (also known 
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as "4K" video). This video data can be encoded in a variety of known video codecs, such 

as H.264 or VPB but can be any visual data for which the system or method is able to 

decode into the component sections. 

The original video data 70 is then split into single full-resolution frames at step 80 

5 (or step 190), i.e. into a sequence of images at the full resolution of the original video 

data 70. For some video codecs, this will involve' uncompressing" or restoring the video 

data as, for example, common video compression techniques remove redundant (non­

changing) features from sequential frames_ 

Optionally, at step 90 (or step '190), the full-resolution frames can be grouped into 

1 O scenes or sections of frames having common features, otherwise known as "scene 

selection". The video data is split or clustered into scenes to enable more specific 

training and optimisation. By scene, it is meant a consecutive group or sequence of 

frames, which at the coarsest level can be the entire video or at the most granular level 

can be a single frame. 

15 To super resolve a low-resolution image to high-resolution space, it is necessary 

to increase the dimensionality of the low-resolution image to match that of the high­

resolution image at some point during the operation of the example based model or 

convolutional neural network. By upscaling the low-resolution image to a high-resolution 

as an input to an example-based model, the example-based model does not need to 

20 learn the super resolution filters to perform upscaling from the low-resolution space to a 

high-resolution space but this approach can sacrifice reconstruction accuracy and 

introduces computational complexity as all subsequent processing must occur at the 

high resolution dimensionality 

Referring to Figure 7, there Is shown an efficient sub-pixel convolutIonal neural 

25 network (ESPCN) 700 having a low-resolution input image 710 with two feature map 

extraction layers 720, 730 built with convolutional neural networks and a sub-pixel 

convolution layer 740 that aggregates the feature maps from low-resolution space and 

builds the super resolution image 750 in a single step. 

In an embodiment, as shown in Figure 7, the high-resolution data is super 

30 resolved from the low-resolution feature maps only at the very end of the network, in the 

final or last layer of the network, therefore avoiding the need to perform most of the 

computation in the larger high-resolution dimensionality. As processing speed depends 

substantially directly on the input image dimensionality, operation in the low-resolution 

space will allow for faster processing_ Further, by performing feature map extraction 

35 before upscaling, more complex and more accurate upscaling (I.e. additional 
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reconstruction accuracy) is possible by the final or last layer of the network as an 

upscaling or resampl1ng function can be learned and is content and data adaptive as 

compared to the applying an explicit generic or handcrafted interpolation filter to perform 

upscaling (for example, a bicubic interpolation filter) that is heuristically chosen 

5 beforehand. 

The task of the example based model, in some embodiments a single image 

super resolution network, is to estimate a high resolution image given a low resolution 

image that is downscaled or downsampled from a corresponding high resolution image. 

In some cases, for example video compression,the down sampling operation can be 

1 O deterministic and known: to produce the low resolution image from the high resolution 

image, the high resolution image can be convolved using a Gaussian filter (but other 

filters can be used), thus simulating a point spread function in a camera, then 

downsampled by a upscaling ratio r. However general super resolution and upscaling 

are typically not deterministic and in some embodiments, in order to mitigate for non-

15 deterministic operations, training can be performed for a range of different down 

sampling operations_ In other embodiments, estimation can be performed for example 

by training a classifier or some visual comparison, and optionally this could be 

parametised for the super resolution process in some embodiments. In general, both the 

low and high resolution image have c: colour channels, thus can be represented as real-

20 valued tensors of size II x W x c and rII x rW x c respectively. In some embodiments, 

rather than recovering an high resolution image from an upscaled and interpolated 

version of the low resolution image, instead the low resolution image is used by a three 

layer convolutional network to avoid upscaling before the low-resolution image is fed into 

the network In the network, a sub-pixel convolution layer is applied to upscale the low 

25 resolution feature maps to produce a high resolution image using super resolution 

30 

For a network composed of L layers, the first L - 1 layers can be described as 

follows: 

[
1 (lw · W h -) = O (W * lw + h ) 

J 1, 1 · 1 1 , 

where W1, b1, I E (1, L - 1) are learnable network weights and biases respectively. 

W1 1s a 20 convolution tensor of size n1 1 x n1 x kt x kL, where n1 1s the number of 

features at level I, n0 = c:, and k1_ is the filter size and level I. The biases b1 are vectors 
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of length n1. The non-linearity function O applies element-wise and is fixed. The last layer 

f 1 has to convert the low resolution feature maps to a high resolution image I5R_ 

In an embodiment, the high-resolution data is super resolved from the low­

resolution feature maps by a sub-pixel convolution layer, to learn the upscaling operation 

5 for image and video super resolution. If the last or final layer performs upscaling, feature 

extraction occurs through non-linear convolutions in the low-resolution dImensIons, so a 

smaller filter size can be used to integrate the same information relative to doing so in 

the high-resolution dimensions thus reducing computational complexity. 

In an embodiment, the convolutional neural network consists of a plurality of non-

1 D linear mapping layers followed by a sub-pixel convolution layer. The benefit is the 

reduced computational complexity compared to a three-layer convolutional network used 

to represent the patch extraction and representation, non-linear mapping and 

reconstruction stages in the conventional sparse-coding-based image reconstruction 

methods and using an upscaled and interpolated version of the low-resolution input. The 

15 convolutional neural network of the embodiment uses learned filters on the feature maps 

to super resolved the low-resolution data into high-resolution data (instead of using hand 

crafted interpolation or a single filter on the input images/frames). 

Instead of using a deconvolution layer to recover resolution from max-pooling and 

other image down-sampling layers, according to some embodiments upscaling of a low-

20 resolution image is performed by convolution. 

25 

In an embodiment, convolution is performed with a fractional stride of 2- in the low-
)" 

resolution space, which can be implemented by interpolation, perforate or un-pooling 

from low-resolution space to high-resolution space followed by a convolution with a 

stride of 1 in high-resolution space. 

In another embodiment, convolution with a stride of 2- in the low-resolution space 
)" 

is performed with a filter Wct of size k, with a weight spacing 2- to activate different parts . r 

of Wct for the convolution The weights that fall between the pixels are not activated and 

therefore not calculated. The number of activation patterns Is r2 and each activation 

?. 

pattern, according to its location, has at most (~) · weights activated. These patterns are 

30 periodically activated during the convolution of the filter across the image depending on 

different sub-pixel: mod (x, r), mod (y, r) where x, y are the output pixel co-ordinates in 

high-resolution space. In the situation where mod (k,, rks) = D, for a neural network with 

I layers, the low-resolution feature maps f 1- 1 (Ju') from the last non-linear mapping layer 
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are aggregated to produce the final estimate of the high-resolution image f1(ILR) using 

the following formula: 

where WL and bL represent learnable filters and biaises respectively. The final 

convolution filter WL is of size nL 1 x r;C x kt x kL, where c is the number of colour 

channels in the original image and r the resampling ratio. PS is a periodic shuffling 

operator. Thus, after the convolution, but before applying PS, we have a tensor that has 

dimension rH x rW x c · r;, where h and v are horizontal and vertical dimensions of the 

10 high-resolution image The result of applying PS is a rH x rW x c array, i e the same 

15 

dimensions as the high-resolution image. This is achieved by periodic shuffling 

PS described in the following way: 

P';(T) = T ' x,y,c lxl IY] cT·mou('' r) I cmou(x r·J r ' r ! }'! 1 

It is easy to see that when k1 = S. and mod (k,, r) = 0it is equivalent to sub-pixel r . 

convolution in the low-resolution space with the filter Wc1. This last layer, or sub-pixel 

convolution layer, produces a high resolution image from the low resolution feature 

maps directly, with a more distinguishable filter for each feature map and can operate 

with increased efficiency as the operation of the periodic shuffling described can be 

20 processed in parallel in a single cycle 

25 

Given a training set consisting of high resolution image examples r~i R, n = 1 ... N, 

the corresponding low resolution images I;; fl, n = 1 ... N are generated, and the pixel-wise 

mean squared error (MSE) of the reconstruction is calculated as an objective function to 

train the network 
r/1 r·w 

l(W1,1., h1,1J = r7.:(W LL ui.: - t)·y(IU?)f 
x-1x-1 

Referring to Figure 8, there is shown a network architecture 800 for super 

resolution using three input frames 810a, 810b and 810c (and then 810b, 810c and 

81 0d). Only the input layer of the neural network is modified to Jointly handle three input 

frames for the super resolution prediction of only the middle frame 830b (or 830c) The 

30 hidden layers 820a, 820b) are identical to those shown in Figure 7. 
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As shown in Figure 8, in an embodiment, spatio-temporal convolutions are 

performed In the inItIal layer of the neural network. Using a spatio-temporal input layer as 

an extension of the network to handle video data allows reconstruction performance to 

be improved for video data by exploiting the temporal redundancy between consecutive 

5 frames in a video. 

In some embodiments, the settings I --- 3, (f1 , n1 ) --- (5, 64), (f,, n7.) --- (3, 32), and 

r1= 3 can be used In the training phase of these embodiments, 17r x 17r pixel sub­

images were randomly selected from the training ground truth images r1i 1\ where r is the 

upscaling factor In other embodiments, other parameters can be chosen based on the 

1 0 available computing hardware and/or training time. To synthesise the low resolution 

samples 11
-f<, 1Hfs were blurred using a Gaussian filter in these embodiments and were 

sub-sampled by the upscaling factor. In these embodiments, the sub-images were 

extracted from original images with a stride of (17 - }: mod (f, 2)) x r from 1Hfs and a 

stride of (17 - I mod (f, 2)) from rLH_ In other embodiments, arbitrary sized sub-images 

15 can be selected: smaller sub-images can enable faster updates in training (as updates 

can be made faster since fewer convolutions are required per sub-image) and can also 

allow more individual training examples to be used and can further allow an increase in 

representations; while larger sub-images can be more process-efficient for batch 

systems, particularly where there is sufficient training data available It can be noted that 

20 in most embodiments the lower limit on sub-image size is dependent on the filter sizes 

used in a neural network while the upper limit is memory- and dataset- related. This 

ensures that all pixels in the original image appear once and only once as the ground 

truth of the training data. tanh may be used as the activation function in these 

embodiments In some embodiments, the training may stop after no improvement of the 

25 cost function is observed after 100 epochs In some of these embodiments, the initial 

learning rate may be set to 0.01 and final learning rate may be set to 0.0001 and 

updated gradually when the improvement of the cost function is smaller than a threshold 

µ, 

In some embodiments, the network is adapted for video super-resolution with a 

30 modification to the input layer Instead of handling single frames independently, 

consecutive frames are jointly processed by feeding the consecutive multi-frame data 

such that the input can be expressed or converted into a three-dimensional vector of 

corresponding patches from multiple frames such that the temporal changes between 

consecutive frames are captured to the network. In an alternative embodiment, fixed 

35 temporal sampling can be used where videos have varying or different framerates, 
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optionally selecting the lowest frame rate when the network is trained After patch 

extraction, the data Is processed by hidden layers through the network and results in an 

output layer producing a single frame of high-resolution image corresponding to the 

network prediction of the middle frame in the input consecutive frames_ In some 

5 alternative embodiments, there are both multiple input frame and multiple output frames. 

In use for video processing, blocks of 3, 5 and 7 (or more) consecutive video 

frames may be used to super resolve the middle frame or frames. It should be noted that 

an increased number of frames could become impractical as each additional frame 

provides decreasingly less of a gain in accuracy In order to handle the first and last 

1 O frames of videos that do not have enough neighbouring frames to form a block of 

consecutive frames, the first and last frame may be repeated 1, 2 and 3 times 

respectively The peak signal to noise ratio (PSNR) may be used as the performance 

metric to evaluate the models used. 

Referring now to Figures 4 and 6, an embodiment for reconstructing the video 

15 encoded using the technique will now be described in detail 

First, the data 130 is received from the network. The data received 130 depends 

on how the data was prepared for transmission in step 120 (or 210) as detailed above 

and will include the video data and one or more reconstruction models for that video 

data It is possible that the video data and one or more reconstruction models are not 

20 transmitted and/or received simultaneously so some buffering may be required to wait 

for all of the components required to decode or reconstruct the higher-resolution video 

from the data transmitted over the network 

At steps 140 and 150 (and step 220), the received data is prepared for 

reconstruction. This step generally involves separating the low-resolution video from the 

25 reconstruction models (step 220) Optionally, the low-resolution video is decompressed 

using the video codec used for transmission into full-resolution image frames (step 230) 

and each of the frames is matched up with the corresponding reconstruction model, 

which are also unpacked into frame-by-frame order (step 240). 

At step 160 (step 250), the reconstruction model is applied to each of the frames 

30 to output higher-resolution frames The reconstruction, or decoding, process involves 

applying the optimised super resolution convolutional neural network model, or 

reconstruction model, for each scene in order to restore the lower-resolution video to its 

original resolution having substantially the same quality as the original high-resolution 

video_ Given the corresponding models for each lower-resolution frame, the original 

35 higher-resolution frames can be reconstructed with high accuracy. 
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In a further embodiment, at least a portion of the process described within Figure 

3 can take place within a 'cloud computing' system. In this embodiment, original video 

data 70 is transmitted to an off-site computing system wherein one or more of the 

processes outlined in this specification take place A different section of video data may 

5 be processed in parallel on the off-site computing system. The limit of the number of 

sections of video processed in parallel is dependent on the computational complexity of 

the sections of video and the processing power of the cloud servers. Once the cloud­

based processing is complete, data can be transmitted back to a local computing 

system. The cloud service can be used as a real-time relay server, receiving lower-

1 O resolution videos, the resolutions of which are then to be increased before being re­

transmitted. This arrangement can relay data from bandwidth-restrained locations to 

locations where there is not such a constraint on bandwidth. 

In a further embodiment, the training process for the example based models 

takes place exclusively for the reconstruction of the high-frequency components of the 

15 higher-resolution section of video The results may then be added as a residue to a 

section of video reconstructed using bi-cubic interpolation. 

In a further embodiment, the architecture of any convolutional neural networks 

used in the reconstruction process is amended such that the upscaling, in terms of 

physically changing the number of pixels, occurs in the middle or the last layer of the 

20 network by way of a deconvolution function. The first layer of the network is described 

as obtaining low resolution features whilst the high resolution features are only learnt in 

the last layer It is not necessary to learn the low resolution features in a high resolution 

space By keeping the resolution low for the first couple of layers of convolutions, the 

number of operations required can be reduced. The computational performance then 

25 depends more on the resolution of the input rather than resolution of the output 

Alternatively, the network layers can be reorganised such that the output of the sub-pixel 

convolution layer of the convolutIonal neural network (which can be the last layer or a 

preceding layer, depending on the embodiment) predicts the square of the upscaling 

factor number of pixels (e.g. r2) instead of the number of upscaling factor pixels (e.g. r). 

30 The other pixels represent the neighbouring pixel to the original input pixel in low 

resolution Every 4 pixels must then be reshaped and reordered to form the high 

resolution image. A higher video processing speed can be obtained using this approach 

whilst maintaining a high level of quality for the output The number of convolutions 

required is therefore reduced. This embodiment may be used in conjunction with any 

35 other embodiment. 
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In some and other embodiments, a neural network can have multi-stage 

upscaling (or other function) where an earlier layer upscales and then a later layer 

upscales, for example a middle layer upscales by 2x and then the last layer upscales by 

2x. This type of "chained" approach can allow for neural networks to be trained in a long 

5 network (or "chain") of functional layers, for example having a range of upscaling factors 

(e.g. 2x, 3x and 4x) with multiple upscaling layers and output layers. One of more of 

these layers can be sub-pixel convolution layers of the described embodiments. 

The complexity of the reconstruction process is far simpler compared to that of 

training the model The process is very similar to a single iteration of the training process 

1 O however there is no optimisation required and it is simply applying the learnt 

convolutional neural network model to reconstruct the image on a patch-by-patch basis. 

The size of a single patch may vary, according to the resolution requirements of the 

output section of video. The patch size will be determined offline via hyper-parameter 

optimIsatIons when training models. Generally, a larger patch size will reduce the 

15 computational requirements for processing a section of video, and also reduce the 

bandwidth required to transmit the section of video. When bandwidth is particularly 

limited the processing power of an end user terminal is low, or a user is willing to endure 

a lower quality section of video, the patch size may be increased to allow for video 

transmission under one or more of those circumstances The quality of the 

20 reconstruction will be compromised but the processing power required at the end-user 

terminal will be significantly reduced. 

A singular model is applied to each scene and can be sent as accompanying data 

in the video container ahead of the scene in which it is used The model associated with 

each scene can either be indexed In a data stream, synchronised with the video and 

25 audio stream, or indexed in a frame-to-model look-up table which can be sent ahead of 

the video stream 

At step 170, each of the segments of video are output from the reconstruction 

process as higher-resolution frames at the same resolution as the original video 70. The 

quality of the output video 180 is substantially similar to that of the original video 70, 

30 within the error bounds optionally applied by the machine learning process that develops 

the reconstruction model at step 110 (or step 200) of the encoding process_ 

At step 180, the segments of video are combined such that the video can be 

displayed Optionally at step 170 or 180, the video can be re-encoded with the original 

codec used on the original video 70 or a more predetermined optimal codec, to enable 

35 playback on a decoder or display device. 
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The use of the final layer to perform super resolution can be used to perform 

upscaling for low-resolution images and/or video without knowledge of any original high­

resolution content or where there is no higher-resolution content for the low-resolution 

images and/or video Additionally, the use of the spatio-temporal approach can be used 

5 to perform upscaling for low-resolution images and/or video without knowledge of any 

original high-resolution content or where there is no higher-resolution content for the 

low-resolution images and/or video. Further, both the use of the final layer to perform 

super resolution and the use of the spatio-temporal approach can be used in 

combination to perform upscaling for low-resolution images and/or video without 

1 O knowledge of any original high-resolution content or where there is no higher-resolution 

content for the low-resolution images and/or video. Specifically, some embodiments can 

use one or more generic example based models, for example selecting these from a 

library of generic example based models and for example applying some criteria in 

selecting such example based models, that use either or both of example based models 

15 having a final layer that performs super resolution and/or use a spatio-temporal 

approach in the input layer of the example based model. 

20 

Real Time Model Development/Selection 

Referring now to Figure 27, an embodiment using the technique to encode visual 

data will now be described in detail. These embodiments can be used in combination 

with other embodiments, and alternative and optional portions of embodiments, 

described elsewhere in this specification 

Original video data 2740 can be provided into the method or system of the 

25 embodiment using a camera 2735 and usually comprises a high-resolution video, for 

example having a resolution of 1920 pixels by 1080 pixels (also known as '1080p" 

video) or 3840 pixels by 2160 pixels (also known as 'AK" video). This video data can be 

encoded in a variety of known video codecs, such as H 264 or VPB, but can be any 

video data for which the system or method Is able to decode into the component frames 

30 of the video depending on the embodiment 

In some embodiments. the original video data 2740 is then split into single full­

resolution frames within step 150 i.e. into a sequence of images at the full resolution of 

the original video data 140 In some of these embodiments, for some video codecs, this 

will involve 'uncompressing" or restoring the video data as, for example, common video 

35 compression techniques remove redundant (non-changing) features from sequential 

72 

Microsoft Exhibit 1002 - Page 191 
Microsoft Corporation v. RealD Spark, LLC 
IPR2023-01046 - U.S. Patent No. 10,740,985



WO 2016/1321-t8 PCT /G 82016/050-1-26 

frames_ 

In some embodiments, model selection or at least initial model selection can be 

performed based on the uncompressed video data. 

Optionally, within step 2750, in some embodiments the full-resolution frames can 

5 be grouped into scenes or sections of frames having common features, otherwise known 

as 'scene selection". The video data is split or clustered into scenes to enable more 

specific optimisation. By scene, it is meant a consecutive group or sequence of frames 

comprising a section of video, which at the coarsest level can be the entire video or at 

the most granular level can be a single frame In some embodiments, the scenes can 

1 O be arranged according to the order in which they were filmed or into a sequence for 

appropriate decoding of any group of pictures (as scenes will typically comprise related 

visual content and appropriate ordering can allow compression to work efficiently, for 

example). 

In some embodiments, regardless whether the video has been broken into 

15 frames or scenes (i e groups of multiple frames) in step 150 or remains as a sequence 

of frames from step 140, each frame can down-sampled into lower-resolution frames at 

a suitably low resolution. Optionally, in some embodiments this step can occur before 

the frames are grouped into scenes in step 150. In some embodiments, the lower­

resolution frame is optionally 33% to 50% of the data size relative to the data size of the 

20 original-resolution frame, but can be any resolution that is lower than the original 

resolution of the video. In other embodiments, the quality can be reduced by 

quantisation and/or compression instead of reducing the resolution of the visual data or 

in addition to reducing the resolution of the visual data 

At step 2755, a scene is selected In some embodiments. In this embodiment 

25 used for real-time encoding, this scene can initially be the first frame chronologically that 

was recorded by the camera 2735, or the first frame appearing in the original video file 

2740. Following this frame, a second frame to be recorded or a second frame appearing 

in the original video file 2740 can next be selected. After that would appear a third 

frame, and so on, until the broadcast was complete. 

30 A first example based model is taken from a library of example based models and 

analysed for use in the reconstruction of data in step 2760. A second example based 

model can be taken and analysed in parallel in step 2770, as can a third example based 

model as shown in step 180 There is no fixed upper limit to the variable n, variable n 

being the number of example based models which can be analysed in parallel, where n 

35 is at least two. 
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In step 2795 the most accurate example based model is chosen to be used for 

the reconstruction of data. The most accurate example based model can be defined as 

an example based model which would result in the highest quality of reconstruction, 

wherein quality can be defined using any of: an error rate; a peak signal-to-noise ratio; 

5 or a structural similarity index when compared to the original video file 2740. 

In step 21 0, the lower-resolution scene and the example based model for the 

reconstruction of that scene are output for transmission over a network. Optionally, a 

reference to the model can be transmitted in lieu of the actual model This requires a 

synchronised or matched library at both the transmitting and receiving nodes of the 

1 O process, such that the reference can be used by the library at the transmitting node, and 

the model identified from the reference to the same model in the library at the receiving 

node as in the library at the transmitting node 

Optionally, the video and model (or model reference) can be stored together 

wIthIn a suitable data container format such as a Matroska Multimedia Container 

15 (otherwise known as a MKV container) Alternatively, the video and model can be 

combined with other sections, or the entire video and placed into a suitable data 

container format. At step 21 0 the low-resolution video frames can be re-encoded using 

either the original video codec applied to the original video data 2740 or, alternatively, a 

more optimal video codec can be applied to the video data to produce a smaller output 

20 file. Optionally, if scene detection or time stamping was performed, the data output for 

transmission can include either a list of scenes or time stamp data respectively, or this 

data could be stored within the data container 

There can be a number of variations to the encoding framework described above 

For the above described technique, it can be assumed that there would be a one-to-one 

25 mapping between scene and example based model, however this does not need to hold 

true as each scene could be accompanied by more than one example based model 

Referring now to Figure 5, an embodiment for reconstructing the video encoded 

using the technique will now be described in detail. 

First, the transmitted data 21 0 is received from the network. The data received 

30 210 depends on how the data was prepared for transmission in step 2750 as detailed 

above and will include the video data and one or more reconstruction models for that 

video data. It is possible that the video data and one or more reconstruction models are 

not transmitted and/or received simultaneously so some buffering may be required to 

wait for all of the components required to decode or reconstruct the higher-resolution 

35 video from the data transmitted over the network. 
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At step 220, the transmitted data is prepared for reconstruction This step 

comprises separating the low-resolution video from the one or more example based 

models. Optionally, the low-resolution video is decompressed using the video codec 

used for transmission into full-resolution image frames and each of the frames is 

5 matched up with the corresponding reconstruction model, which are also unpacked into 

frame-by-frame order. 

At step 250, the reconstruction model is applied to each of the scenes to output 

higher-resolution scenes The reconstruction, or decoding, process involves applying the 

optimised super resolution convolutional neural network model, or reconstruction model, 

1 O for each scene in order to restore the lower-resolution video to its original resolution 

having substantially the same quality as the original high-resolution video. Given the 

corresponding models for each lower-resolution scene, the original higher-resolution 

scenes can be reconstructed with high accuracy, where accuracy Is defined as above. 

This embodiment of the invention requires no optImIsatIon, and comprises 

15 applying a previously learnt example based model to reconstruct a scene, and does not 

necessarily include any adaptation or modification of the existing example based models 

in the library. The one or more example based models associated with each scene can 

be indexed in a data stream synchronised with the video and audio stream, or indexed 

in a frame-to-model look-up table that can be sent ahead of the video stream. 

20 The image reconstruction has a linear computational complexity dependent on 

the total number of pixels of each frame, as it requires a series of convolution functions 

(typically less than 3) to be applied for each relevant image patch centred around each 

pixel The basic reconstruction step for each image can be used with or without 

modIfIcatIon in some embodiments from the approach described In the paper "Learning 

25 a Deep Convolutional Network for Image Super-Resolution" by Chao Dong, Chen 

Change Loy, Kaiming He, and Xiaoou Tang published in D Fleet et al (Eds.): ECCV 

2014, Part IV, LNCS 8692, pp. 184-199, 2014, however these functions can be applied 

in parallel across multiple images and it is feasible to perform real-time reconstruction for 

video playback. 

30 Within step 250, each of the segments of video is output from the reconstruction 

process as higher-resolution frames and at substantially the same resolution as the 

original video 2440. 

Further within step 250, the segments of video are combined such that the video 

can be displayed Optionally the video can be re-encoded with the original codec used 

35 on the original video 2740 or a predetermined more optimal codec, to enable playback 
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on a decoder or display device_ 

In a further embodiment, at least a portion of the process described within Figure 

27 can take place within a 'cloud computing' system In this embodiment, the original 

video file 2740 is transmitted to an off-site computing system, preferably a scalable 

5 computing system, where the first scene is prepared 2750. As before, a plurality of 

example based models 2760, 2770, 2780, 2790 can then be analysed for their use in 

reconstruction of the data before a most accurate model 2795 is chosen and a 

transmitted package 21 O prepared The transmitted package 210 is then sent from the 

cloud server to a local server, where the reconstruction process 220, 230, 240, 250 can 

1 O take place. While the first scene is being processed in this way, a second section of 

video can be processed in parallel on the off-site computing system. The limit of the 

number of sections of video processed in parallel is dependent on the computational 

complexity of the sections of video and the processing power of the cloud servers. The 

cloud service can be used as a real-time relay server, receiving lower-resolution videos, 

15 the resolutions of which are then to be increased before being re-transmitted This 

arrangement can relay data from bandwidth-restrained locations to locations where 

there is not such a constraint on bandwidth. 

In a further embodiment, one or more sections of video are transmitted via the 

process outlined above, in advance of a live recording_ Example based models that are 

20 likely to be useful can therefore be identified before they are required, and the library of 

models from which they are selected reduced to those more likely to be used. The 

selection procedure 2795 can therefore be made faster or with reduced computation, as 

there are fewer models to choose between, hence the lag between the recording of an 

event and the h1gher-resolut1on reconstruction being displayed can be reduced 

25 compared to comparing the performance of all of the models in the library of models 

Model Libraries 

Referring now to Figure 25, an embodiment using another technique to encode 

30 visual data will now be described in detail These embodiments can be used in 

combination with other embodiments, and alternative and optional portions of 

embodiments described elsewhere in this specification. 

Original video data 2510 is provided into the method or system using the 

technique and is a high-resolution video, for example having a resolution of 1920 pixels 

35 by 1080 pixels (also known as "108Dp" video) or 3840 pixels by 2160 pixels (also known 
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as "4K" video). This video data can be encoded in a variety of known video codecs, such 

as H.264, VP8 or VP9 but can be any video data for which the system or method is able 

to decode into the component frames of the video. 

The original video data 2510 is then split into single full-resolution frames at step 

5 2520, i.e. into a sequence of images at the full resolution of the original video data 251 0. 

For some video codecs, this will involve "uncompressing" or restoring the video data as, 

for example common video compression techniques remove redundant (non-changing) 

features from sequential frames 

Optionally, at step 2520, the full-resolution frames can be grouped into scenes or 

1 O sections of frames having common features, otherwise known as "scene selection". The 

video data is split or clustered into scenes to enable more specific training and 

optimisation By scene, it is meant a consecutive group or sequence of frames, which at 

the coarsest level can be the entire video or at the most granular level can be a single 

frame. 

15 Regardless of whether the video has been broken into frames or scenes (i.e. 

groups of multiple frames) or remains as a sequence of frames, each frame is down­

sampled into lower resolution frames at a suitably lower resolution for transmission over 

a network, for example the Internet. Optionally, this step can occur before the frames are 

grouped into scenes in step 2520 The lower-resolution frame is optionally 25% to 50% 

20 or 10% to 50% of the data size relative to the data size of the original-resolution frame, 

but the lower resolution can be any resolution that is lower than the original resolution of 

the video This will result in the full lower resolution video being smaller in size than the 

original-resolution video 

An analysis step 2530 Is performed on the frames of the down-sampled video In 

25 order to find a reconstruction model from a library that can be used to increase the 

resolution of the scene and enhance the quality of the video_ A model is selected based 

on one or more metrics of the selected scene that can be compared to metrics 

associated with the reconstruction models stored in the library, and an image 

enhancement procedure is performed on the down-sampled scene. The quality of the 

30 enhanced scene is compared with the original using objective metrics such as error rate, 

PSNR and SSI M and/or subjective measures An appropriate model is then selected at 

step 240 based on these quality comparisons. The library from which the models are 

selected comprises a set of pre-trained models which have been generated from 

example, or training, videos and which are associated with metrics to enable comparison 

35 of the video from which the models were generated with the selected scene being 
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enhanced. The library from which the model is selected may be stored at one or more 

specific nodes in the network, or may be distributed over two or more nodes. 

By employing a deep learning approach when creating the models, a non-linear 

hierarchical model can be selected to reconstruct a higher-resolution frame from the 

5 lower-resolution frame. 

The non-linear models are more accurate in reconstructing higher-resolution 

frames than dictionary-based approaches. The non-linear models selected are small 

convolutional neural networks rather than over-complete dictionaries In contrast to the 

local patch averaging approach that tends to be used in reconstruction by dictionary 

1 O learning approaches, the use of a convolutional neural network model also allows a 

more appropriate filter to be selected for final reconstruction where neighbouring 

patches are considered, which can avoid unintended smoothing of the reconstructed 

higher-resolution image. 

In step 2550, the portion of the low-resolution video and a library reference for 

15 reconstruction model for that portion of video are output for transmission Optionally, the 

video and library reference can be stored together within a suitable data container 

format such as a Matroska Multimedia Container (otherwise known as a M KV container). 

Alternatively, the video and library reference can be combined with other sections or the 

entire video and placed into a suitable data container format At step 2550, the low-

20 resolution video frames can be re-encoded using either the original video codec applied 

to the original video data 251 0 or, alternatively, a more optimal video codec can be 

applied to the video data to produce output video data_ Optionally, if scene detection or 

time stamping was performed, the data output for transmission can include either a list of 

scenes or time stamp data respectively, or this data could be stored within the data 

25 container Optionally, a list (or data stream) of model references that is synchronised 

with the output low resolution video frames can also be included Alternatively, the 

transmission package can include a 11st of references to library 

content/models/parameters for each frame, which can be ordered by either frame 

playback or decode order, and this can be synchronised to the video frames A further 

30 alternative is that the transmission package can include a list of scene transitions (at 

defined frame intervals) and then a list of references to library 

content/models/parameters for a matching number of scenes or transitions. 

Referring now to Figure 26, an embodiment for reconstructing the video encoded 

using the technique will now be described in detail. 

35 First, the data 261 0 1s received from the network. The data received 261 0 
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depends on how the data was prepared for transmission in step 2550 as detailed above 

and will include the video data and one or more library references to reconstruction 

models for that video data. It is possible that the video data and one or more library 

references are not transmitted and/or received simultaneously so some buffering may be 

5 required to wait for all of the components required to decode or reconstruct the higher­

resolution video from the data transmitted over the network. 

At steps 2620 and 2630, the received data is prepared for reconstruction. These 

steps generally involve separating the low-resolution video from the library references to 

reconstruction models Optionally, the low-resolution video is decompressed using the 

1 O video codec used for transmission into full-resolution image frames and each of the 

frames is matched up with the corresponding library reference to a reconstruction model, 

which are also unpacked into frame-by-frame order. 

At step 2630, the reconstruction model corresponding to the library reference Is 

obtained from a stored library of reconstruction models and at step 2640 Is applied to 

15 each of the frames to output higher-resolution frames. The reconstruction, or decoding, 

process involves applying the reconstruction model for each scene in order to restore 

the lower-resolution video to its original resolution having substantially the same quality 

as the original high-resolution video. Given the corresponding models for each lower­

resolution frame, the original higher-resolution frames can be reconstructed with high 

20 accuracy 

The complexity of the reconstruction process is far simpler compared to that of 

training the model The process, known as the feed-forward process or pass for neural 

networks, is very similar to a single iteration of the training process however there is no 

optimIsatIon required and it Is simply applying the selected convolutional neural network 

25 model to reconstruct the image on a patch-by-patch basis In comparison, training neural 

networks can also incorporate a back-propagation process or pass, depending on 

embodiment. A singular model is applied to each scene and the library reference to it 

can be sent as accompanying data in the video container ahead of the scene in which it 

is used. The library reference associated with each scene can either be indexed In a 

30 data stream, synchronised with the video and audio stream, or indexed in a frame-to­

model look-up table which can be sent ahead of the video stream. 

At step 2650, each of the segments of video are output from the reconstruction 

process as higher-resolution frames at the same resolution as the original video 210 

The quality of the output video is substantially similar to that of the original video 210, 

35 wIthIn the error bounds optionally applied by the machine learning process that selects 
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the reconstruction model at step 2650 of the encoding process 

At step 2650, the segments of video are combined such that the video can be 

displayed. Optionally at step 2650, the video can be re-encoded with the original codec 

used on the original video 251 0 or a more predetermined optimal codec, to enable 

5 playback on a decoder or display device. 

Upscaling & Visual Data Enhancement 

Super resolution approaches are usually split into learning- or example-based 

1 O approaches and interpolation-based (multi-frame) approaches. Some embodiments are 

concerned only with learning- or example-based approaches to super resolution. 

Specifically, these embodiments can work with most or all learning- or example-based 

techniques where there can be a set of different upscaling results depending on the 

selected parameters for the techniques. 

15 In some embodiments, super resolution techniques can output representations 

that can be used to enhance the higher-resolution images created from lower-resolution 

images. To improve the effectiveness of these representations in some embodiments, 

learning- or example-based approaches incorporate machine learning. When using 

dictionary representations for images, this combination is generally referred to as 

20 dictionary learning In dictionary learning, where sufficient representations are not 

available in an existing library of representations (or there Is no library available), 

machine learning techniques are employed to tailor dictionary atoms such that they can 

adapt to the image features and obtain more accurate representations 

It is noted that atoms are not selected locally within the dictionary, but instead are 

25 chosen as the linear combination that best approximates the signal patch for a maximum 

number of atoms allowed and irrespective of their location within the dictionary. Without 

a constraint that the atoms must be orthogonal to one another, larger dictionaries than 

the signal space that the dictionary is intended to represent can be created. 

Embodiments can use dictionary learning reconstruction models or convolutional 

30 neural network reconstruction models for up-scaling, or a mixture of these two 

techniques. In some embodiments, a library of reconstruction models is stored that can 

be generated from example or training, video data where both the original and reduced­

resolution video can be compared Along with the reconstruction models, in some 

embodiments data needs to be stored relating to the example or training video for each 

35 reconstruction model in the library to enable each model to be matched to a scene that 
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is being up-scaled In these embodiments the data stored relating to the example or 

training video can be metadata or metrics related to the video data, or It can be samples 

or features of the example or training video. 

Referring now to Figure 15, embodiments using a technique 1500 to increase the 

5 resolution of visual data will now be described in detail. These embodiments can be 

used in combination with other embodiments, and alternative and optional portions of 

embodiments described elsewhere in this specification. 

In these embodiments, received video data 1540 is provided into a decoder 

system and is a lower-resolution video encoded in a standard video format This video 

1 O format can be a variety of known video codecs, depending on the embodiment, and in 

embodiments can be codecs such as H.264 or VP8 or can be any visual data which the 

system is able to decode into component sections 

In embodiments, the system then separates video data 151 0 into single frames at 

step 1520, I.e. into a sequence of images at the full resolution of the received video data 

15 31 O For some video codecs, depending on the embodiment, this will involve 

"uncompressing" or restoring the video data as, for example, common video 

compression techniques remove redundant (non-changing) features from sequential 

frames. 

Optionally, as shown in Figure 16, in some embodiments the frames extracted in 

20 step 1520 from the video 151 O can be grouped into scenes or sections of frames having 

common features, otherwise known as "scene selection" in step 1610. In these 

embodiments step 161 O involves identifying sequential scenes once these are detected 

In some of these embodiments, the detected scenes can enable a more accurate 

reconstruction model or models to be selected from the library of reconstruction models 

25 as appropriate from the scene or frames within the scene in step 1620, which is a 

modified version of step 1530 in process 1500 where the most appropriate model is 

selected on a frame-by-frame basis. By scene, it is meant a consecutive group or 

sequence of frames, depending on embodiment, which at the coarsest level can be the 

entire video or at the most granular level can be a single section of a frame. 

30 Alternatively, and in order for any delay to be reduced between the arrival of the 

lower resolution video 1510 and the generation of a higher resolution output video 370, 

in some embodiments basic scene selection in step 1610 can be accomplished by 

grouping frames into scenes chronologically, for example by applying time stamps and 

collecting together a predetermined range of timestamps Initially, in these embodiments 

35 the first frame or section of frame can be analysed and a metric created to enable 
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reference to the library of reconstruction models in step 1620 In such embodiments, if a 

subsequent frame or section of a subsequent frame is suffIcIently similar according to a 

comparison metric, then the subsequent frame or frames can be included as part of a 

group of frames with the first frame_ In these embodiments, this process can continue 

5 until a subsequent frame is not sufficiently similar to the previous frame or frames, at 

which point the frame or group of frames are collated into a scene in step 41 0. in these 

embodiment the process then starts to find the next scene, starting from the insufficiently 

similar scene. In such embodiments, each scene is processed in the order in which it 

was decoded from the received video 1510. 

10 Returning to the method 1500 shown in Figure 15, in some embodiments an 

analysis step 1530 is performed on the frames of the received video in order to find a 

reconstruction model from a library in step 1540 which can be used to increase the 

resolution of the scene and enhance the quality of the video in step 1550, based on a 

metric of the selected scene that can be compared to metrics associated with the 

15 reconstruction models stored in the library A model in step 1540 is selected, and an 

image enhancement procedure is performed in step 1550 using both the model selected 

in step 1540 on the selected frame generated in step 1520 from the received video 

151 0. The library from which the model is selected In step 1540 comprises a set of pre­

trained models which have been generated from example, or training, videos and which 

20 are associated with metrics to enable comparison of the video from which the models 

were generated with a selected frame being enhanced in step 1550. 

There are a number of methods for feature extraction approaches that can be 

used to create metrics for each frame and therefore which can be stored in the library in 

association with the pre-trained reconstruction models. In many computer vIs1on 

25 applications, a common approach is to use a visual bag-of-words approach. Other 

popular methods include histogram extraction and scale invariant feature transform 

(SIFT) or GIST features. After feature extraction in step 1530, each scene from a target 

video can be matched to the "most similar" scene from a library in a number of ways in 

step 1540. The simplest approach is to use a pre-defined similarity or distance metric 

30 such as, Manhattan distance, Euclidean distance or structural similarity (SSIM) or 

additionally, a learned distance metric. A k-nearest neighbour (kNN) data-structure such 

as a ball-tree or a locality-sensitive hash table can be used to facilitate a direct nearest­

neighbour search Alternatively, each unique scene can be thought of as being 

"labelled", then a variety of machine learning scene recognition and matching 

35 approaches can be used to classify new scenes into the "labelled" scenes of the library 
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such as adversarial training techniques where such techniques involve training another 

neural network to IndIcate whether the scene is labelled correctly. 

In step 1560, the reconstructed scene for that section of video is optionally 

prepared for output 151 0 Optionally at step 1560, the output video 1570 can be re-

5 encoded with the original codec used on the original video 151 O or a more 

predetermined optimal codec, to enable playback on a decoder or display device. 

It should be appreciated that the term 'frame', particularly in reference to grouping 

multiple frames into scenes, can refer to both an entire frame of a video and an area 

comprising a smaller section of a frame. 

1 O The video 151 O in process 1500 or 1600 can originate from physical media such 

as a DVD or other physical data storage medium, but can also originate from a local or 

remote streaming network service. 

Referring now to Figure 17, a modified process 1700 (based on process 1600 but 

which could equally be a modIfIed version of process 1500) is shown. 

15 Here, process 1600 in some embodiments is modified with further steps. 

Specifically, step 171 O begins with a high resolution video file, for example at HD 

resolution. Then, at step 1720, the video is down-sampled to, for example, SD resolution 

to enable transmission over a bandwidth-restricted network. Optionally, in other 

embodiments, quantisation can be used to lower the bitrate of visual data such as video 

20 At step 1730, the lower-resolution or quantised video (depending on embodiment) is 

transmitted over a network becoming the input video data 151 O of either process 1500 

or 1600 described above in relation to Figures 15 or 16 respectively 

Further, output video 1570 in process 1500 or 1600 can be output directly to a 

display or may be stored for viewing on a display on a local or remote storage device, or 

25 forwarded to a remote node for storage or viewing as required 

In alternative embodiments, the input video concerned may be media for 

playback, such as recorded video or live streamed video, or it can be videoconference 

video or any other video source such as video recorded or being recorded on a portable 

device such as a mobile phone or a video recording device such as a video camera or 

30 surveillance camera. 

It should also be appreciated that particular combinations of the various features 

described and defined in any aspects of the invention can be implemented and/or 

supplied and/or used independently 

35 Spec1f1c Description - Machine Learning Optimisation 
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Embodiments relating to a dictionary learning approach with dIctIonary-based 

models and embodiments relating to a deep learning approach using convolutional 

neural network models will now be described. Other suitable machine learning 

5 techniques will also be able to benefit from using a library of pre-trained model. These 

embodiments can be used In combination with other embodiments, and alternative and 

optional portions of embodiments described elsewhere in this specification. 

Referring now to Figure 9, an embodiment of a machine learning process will 

now be described in detail. 

1 0 Data 91 0 is provided to the method or system 900, and may for example be in 

the form of a video data file or image data. Other data formats may also be used. 

Specific metrics are extracted from, or generated based on, the data in step 920. The 

metrics can based on measuring which of the pre-trained models generates the highest 

quality output data. Quality can be defined using any or a combInatIon of: an error rate; a 

15 peak signal-to-noise ratio, or a structural similarity index. These metrics are then used to 

select a pre-trained model from a library 942 in step 930. The selected pre-trained 

model is then developed In step 940 so as to be more accurately able to perform the 

desired output function on the input data 91 O. The output model 950 can then be used 

on the input data 91 O either immediately or at in future 

20 To generate the initial pre-trained models, the same process 900 can be 

25 

used but instead of inputting live data 910, training or example data is used. 

The developed model is then saved in the library 942 in step 941, to be used if 

required in the future A model does therefore not have to be redeveloped if similar data 

is input In the future. The library 942 therefore grows as the system is used. 

If employing a deep learning approach to generating the model in step 940, a 

non-linear hierarchical model 950 can be created_ 

The training and optimisation process 900 can be configured according to a 

desired trade-off between computational time spent and desired quality of results. In 

general, the number of iterations used during the training process 940 yields 

30 approximately logarithmic gains in reconstruction accuracy, so it is preferred to use an 

automatic threshold to stop further optimisation When favouring quality of results, the 

automatic threshold can be set to a predetermined value of reconstruction error, for 

example by calculating the mean squared error, but other methods can also be used 

Alternatively, the automatic threshold can be set to limit the training and optimisation 

35 process to a predetermined number of iterations. As a further alternative, a combination 
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of these two factors can be used 

This process 900 can be of use In the fields of image and video enhancement. If 

the input data 91 O is in the form of a section (frame or frames) of video, the selection of 

an initial model from the library 930 can be based on metrics associated with the style of 

5 video being processed, for example a fast-moving action scene or a stationary 

background scene. The model 950 can then be developed In step 940 to more closely 

represent the section of video for which it is to be used. 

The training and optimisation process 900 can also be considered in the case of 

image registration and alignment. An initialisation can be provided which is closer to the 

1 O most optimal image alignment with regards to a metric, for example a distance metric 

cost function. 

Specific Description - Enhanced Libraries 

15 Referring now to Figure 10 an embodiment using the technique to encode visual 

data will now be described in detail. These embodiments can be used in combination 

with other embodiments, and alternative and optional portions of embodiments, 

described elsewhere in this specification. 

Original video data 101 O is provided into the method or system using the 

20 technique and is a high-resolution video, for example having a resolution of 1920 pixels 

by 1080 pixels (also known as "1080p" video) or 3840 pixels by 2160 pixels (also known 

as "4K" video). This video data can be encoded in a variety of known video codecs, such 

as H 264 or VP9 but can be any video data for which the system or method is able to 

decode into the component frames of the video. 

25 The original video data 101 O is then split into single full-resolution frames at step 

30 

1020 , i e_ into a sequence of images at the full resolution of the original video data 21 O 

For some video codecs, this will involve "uncompressing" or restoring the video data as, 

for example, common video compression techniques remove redundant (non-changing) 

features from sequential frames 

Optionally, at step 1020, the full-resolution frames can be grouped into scenes or 

sections of frames having common features, otherwise known as "scene selection" The 

video data is split or clustered into scenes to enable more specific training and 

optimisation By scene, it is meant a consecutive group or sequence of frames, which at 

the coarsest level can be the entire video or at the most granular level can be a single 

35 frame. 
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Regardless whether the video has been broken into frames or scenes (i.e. groups 

of multiple frames) In step 1020 or remains as a sequence of frames, each frame is 

either down-sampled into lower resolution frames at a suitably lower resolution, or 

reproduced as a set of representations of the frame such as a matrix of vectors with 

5 generalised information for portions of the frame or groups of one or more pixels. 

Optionally, this step can occur before the frames are grouped into scenes. The lower­

resolution frame is preferably 33% to 50% of the data size relative to the data size of the 

original-resolution frame, while the representations of the frame can be anything from 

1 % to 50% of the data size of the original-resolution frame The lower resolution frame 

1 O can have any resolution that is lower than the original resolution of the video 

In step 1030, an analysis is performed on frames of the downsampled video, or 

on the representations, or on the models alone in order to find a reconstruction model 

from a library of models which can be used to either recreate a close approximation of 

the hIgh-resolutIon video purely from a model, or recreate a close approximation of the 

15 high-resolution video from a set of representations of the high-resolution video, or 

increase the resolution of the downsampled video and enhance the quality of the video. 

An initial model is selected based on a metric of the selected scene that can be 

compared to metrics associated with the reconstruction models stored in the library. The 

selection of the initial model may be based on only these metrics, or alternatively 

20 multiple initial models may be applied independently to the downsampled video to 

produce an enhanced lower-resolution frame or recreate a frame, the quality of the 

enhanced or recreated frame being compared with the original scene to select the most 

appropriate initial model from the group The quality of the recreated or enhanced scene 

is compared with the original using obJectIve metrics such as error rate, PSNR and SSIM 

25 and/or subjective measures An appropriate model is then selected at step 1040 based 

on these quality comparisons as well as whether to use solely a model, or a set of 

representations of the frame, or the lower-resolution frame. The library from which the 

models are selected comprises a set of pre-trained models which have been generated 

from example, or training, videos and which are associated with metrics to enable 

30 comparison of the video from which the models were generated with the selected scene 

being enhanced. 

In step 1060, super resolution techniques are employed to create a specific 

model using the model selected at step 1040 as the initial model and using machine 

learning for each frame, so that the model can be used to substantially recreate the 

35 original resolution version of a lower-resolution frame, or a set of representations, or 
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without use of either the original or lower-resolution frame or representations, and 

trained using machine learning based on knowledge of the original-resolution frame. 

This step is termed the training and optimisation process. 

At step 1070, the optimised reconstruction model is saved to the library for future 

5 use as an initial model in step 1030. 

Alternatively, the modified model can be developed from scratch, without using a 

known model as a starting point. A known model can then be compared with the 

generated model to produce a list of modifications required to produce the modified 

model from the known one. 

1 0 In step 1050, the portion of the low-re solution video, or the representations and/or 

the reconstruction model for that frame or portion of video are output for transmission. 

Rather than transmit the full reconstruction model, a library reference to the initial model 

selected at step 1040 can be output, together with the modifications required to produce 

the reconstruction model from it. Alternatively, instead of the lower-resolution video, 

15 transmitting a representation of the image can further reduce the data transmitted. As a 

further alternative, only transmitting a model still further reduces the data transmitted. 

Optionally, the video or representations and model can be stored together within a 

suitable data container format such as a Matro ska Multimedia Container (otherwise 

known as a MKV container) Alternatively, the video or representations and model can 

20 be combined with other sections or the entire video and placed into a suitable data 

container format. At step 250, the low-resolution video frames can be re-encoded using 

either the original video codec applied to the original video data 101 0 or, alternatively, a 

more optimal video codec can be applied to the video data to produce output video data 

1050. Optionally, if scene detection or time stamping was performed, the data output for 

25 transmission can include either a list of scenes or time stamp data respectively, or this 

data could be stored within the data container. Alternatively, a list of frame by frame 

references (which are ordered by either frame playback or decode order) can be used 

which is synced to the video frames. Another alternative is to include a list of scene 

transitions (as defined by frame numbers) along with an ordered 11st of references 

30 matching the number of scenes. The skilled person will appreciate that other examples 

are possible. 

Referring now to Figure 11, an embodiment for reconstructing the video encoded 

using the technique will now be described in detail 

First, the data 1100 is received from the network The data received 1100 

35 depends on how the data was prepared for transmission In step 1050 as detailed above 
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and will include the video data or representations of the video data and/or references to 

one or more initial reconstruction models for to recreate hig h-resol utIon video data, 

along with any modifications to the referenced models required to reproduce the final 

reconstruction models It is possible that the video data or representations, references to 

5 the one or more initial reconstruction models and the modifications to those models are 

not transmitted and/or received simultaneously so some buffering may be required to 

wait for all of the components required to decode or reconstruct the higher-resolution 

video from the data transmitted over the network 

At steps 1120 and 1 "130, the received data is prepared for reconstruction This 

1 O step generally involves separating the low-resolution video or representations if 

transmitted from the references to known reconstruction models and the modifications to 

those models required to reproduce the optimised reconstruction model. Optionally, the 

low-resolution video is decompressed at step 1120 using the video codec used for 

transmIssIon into full-resolution image frames and each of the frames Is matched up with 

15 the corresponding reconstruction model, which are also unpacked into frame-by-frame 

order. 

The reconstruction models developed at step 1170 are recreated from the 

reference to a known reconstruction model and the modifications received at step 111 0. 

At step 1130 the received reference is used to locate the known reconstruction model 

20 from which the optimised reconstruction model was developed in a library of models 

stored at the second node. The received modifications are then applied to this known 

reconstruction model at step 1160, recreating the optimised reconstruction model. After 

this reconstruction has taken place, the optimised reconstruction model is saved in the 

library at the second node for future reference at step 1170 using the same reference as 

25 was used when saving the model to the first node's library at step 1170. An incremental 

(or decremental) counter can be used to create new references for the modified 

algorithm that would then be the same for both nodes (in a distributed system). 

Alternatively this could be performed via a centralised database. 

At step 1140, the modified reconstruction model is applied to each of the frames 

30 or representations if transmitted to output higher-resolution frames, else are used to 

reproduce the higher-resolution frames without a low resolution frame or 

representations. The reconstruction, or decoding, process involves applying the 

optimised super resolution convolutional neural network model, or reconstruction model, 

for each scene in order to recreate higher resolution video having substantially the same 

35 quality as the original high-resolution video. Given the corresponding models and If 
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transmitted each lower-resolution frame or set of representations, a higher resolution 

frame that Is substantially visually identical to the original higher-resolution frames can 

be reconstructed with high accuracy. 

At step 1150, each of the segments of video are output from the reconstruction 

5 process as higher-resolution frames at the same resolution as the original video 21 0. 

The quality of the output video 1150 is substantially similar to that of the original video 

210, within the error bounds optionally applied by the machine learning process that 

develops the reconstruction model at step 1060 of the encoding process 

At step 1140, the segments of video are combined such that the video can be 

1 O displayed. Optionally at step 1140, the video can be re-encoded with the original codec 

used on the original video 101 O or a more predetermined optimal codec, to enable 

playback on a decoder or display device. 

A modified embodiment of the above-described method is shown In Figures 4 

and 5. In this embodiment, the downsampled video is not transmitted from the first node 

15 to the second node Instead, any data required to produce the reconstructed video can 

be included in the transmitted modifications to a known reconstruction model. It is 

possible that no data is required and that only the use of a model is required to 

reconstruct substantially the high-resolution video. The second node reconstructs the 

video using only the modified reconstruction model obtained by applying the 

20 modifications to the known reconstruction model referenced in the transmission and, if 

required, the data required to produce the reconstructed video. This method can 

advantageously be used to reduce further the amount of data transmitted across the 

network, reducing the amount of data required to be transmitted 

Figure 12 shows a further method for encoding video. The InitIal steps proceed 

25 as in Figure 10 The higher resolution video 1210 is prepared by separating it into 

scenes and down sampling at step 1220 An analysis of each scene is performed in step 

1230 to determine which known models will be used as a starting point for the model 

optimisation process. One or more appropriate models are selected at step 1240 based 

on a metric of each scene or frame that can be compared to metrics associated with the 

30 reconstruction models stored in the library. The selected known models are optimised at 

step 1260 using machine learning However, instead of being trained to reproduce the 

higher resolution video from the downsampled one, they are instead trained to 

substantially reproduce the higher resolution video 1210 using only the optimised model 

itself or the optimised model and any data that can be incorporated into the model to 

35 seed recreation of the video frame or scene. A reference to the starting known 
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reconstruction model together with the modifications required to reproduce the optimised 

reconstruction model for each scene or frame are transmitted to the second node at step 

1260, along with a list of scenes if known. 

Figure 13 shows a further method of decoding the received information at the 

5 second node to reproduce substantially the higher resolution video. The package 

transmitted at step 1260 of Figure 12 is received by the second node at step 1310, and 

unpacked at step 1320. The references to known models are used to locate the known 

reconstruction models stored in a library at the second node at step 1330. The 

modifications corresponding to these known reconstruction models are then applied at 

1 0 step 1340 to reproduce the optimised reconstruction model generated by the machine 

learning process in step 1260 of Figure 12. This model is optimised to substantially 

reproduce the original higher resolution video 1260 without the need for it to be applied 

to a corresponding low resolution video sample. Hence the second node can 

substantially reconstruct the original high resolution video from only the modified 

15 reconstruction model. This reconstruction is performed at step 1350, and the resulting 

reconstructed higher resolution video is output at step 1360. 

Specific Description~ Artefact Removal 

20 To improve on the above mentioned approaches for image artefact removal, it is 

proposed to use deep learning techniques and neural networks such as recurrent neural 

network and convolutional neural network models. 

In some cases fully connected neural networks can't scale up to larger sizes of 

network easily as the computational complexity soon becomes too great as the size of 

25 the network scales, but this depends on the application of the neural network and also 

other factors such as the kernel and filter sizes 

Neural network models can be transmitted along with the low-resolution and/or 

low-bitrate and/or low quality frames of video data because size of a convolutional 

neural network model or recurrent neural network model data is small enough to do so 

30 compared with the size of a learned dictionary for the same level of accuracy In 

comparison, the data size of learned dictionaries means that it is impractical for these 

dictionaries to be transmitting along with the low-resolution images, especially in where 

the dictionaries are learned over-complete dictionaries 

Figure 22 illustrates an overview of embodiments of a method of generating 

35 models for use In image artefact removal. These embodiments can be used In 
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combination with other embodiments, and alternative and optional portions of 

embodiments, described elsewhere In this specIficatIon. 

In some embodiments, training image or video file is selected at step 2210 from 

a library of training images or videos stored at a network node and divided up into 

5 frames, sub-images or sequences of images (collectively referred to herein as scenes) 

at step 2220 depending on its content. In these embodiments, the scene type can then 

be classified into a particular category depending on its content using a metric. 

In some embodiments, at step 2230, image artefacts are purposefully generated 

in the scene by applying aggressive compression and/or quantisation algorithms to the 

1 0 scene, with the level of expected artefacts being controlled by the 

compression/quantisation level or quality level. This creates a training scene. In some of 

these embodiments an artefact grading technique is applied to this training scene at step 

2240 to quantify the severity of the induced artefacts. 

At step 2250, In some embodiments, an image artefact removal model Is trained 

15 on the training scene using machine learning techniques. In these embodiments the 

image artefact removal model can be generated such that it substantially cleans the 

training scene of image artefacts. In some of these embodiments, image quality metrics 

are used to compare the "cleaned" scene with the original, and the training process can 

be continued until the comparison produces results within some pre-defined threshold. 

20 In some embodiments, the resulting image artefact removal model is then saved 

at step 2260, along with metric data relating to the scene type classification and an 

artefact grade relating to the types and/or severity of the artefacts in the training scene. 

The process can be repeated multiple times, depending on the embodiment, on 

the same training scene with different levels of compression and quantisation In order to 

25 train a set of models for different levels of artefact severity 

The process can also be repeated in some embodiments with different training 

scenes in order to generate a library of different image artefact removal models indexed 

by both their content type and artefact severity. In these embodiments a 'matrix" of 

library models can be created, where one axis of the matrix can be thought of as the 

30 content type, and the other the artefact severity. 

Each step of the above method, as used in some embodiments, will now be 

described In further detail. 

The division of the training image or video into a scene or scenes at step 2220 

can be achieved in several different ways in different embodiments. The training image 

35 or video may already be divided into scenes prior to being stored in the library of training 
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images or videos in certain embodiments, hence this step of the method is not always 

necessary. For the training of the image artefact removal model, In some embodiments 

only one scene is used for each model generated. In these embodiments a single 

training image or video may therefore be used to train multiple different image artefact 

5 removal models relating to different content types present within the image or video. 

Considering first the case of video data, in some embodiments the library video 

data can be split into single full-resolution frames, i e. into a sequence of images at the 

full resolution of the original video data For some video codecs, in certain embodiments, 

this will involve "uncompressing" or restoring the video data as, for example, common 

1 O video compression techniques remove redundant (non-changing) features from 

sequential frames. 

Optionally, in other embodiments the full-resolution frames can be grouped into 

scenes or sections of frames having common features, otherwise known as "scene 

selection". In such embodiments, the video data can be split or clustered into scenes to 

15 enable more specific training and optimisation By scene, it is meant a consecutive 

group or sequence of frames, which at the coarsest level can be the entire video or at 

the most granular level can be a single frame or portion of a frame depending on 

embodiment. 

For the training of the image artefact removal model, in some embodiments only 

20 one scene is used for each model generated. A single training image or video may 

therefore be used in such embodiments to train multiple different image artefact removal 

models relating to different content types 

Once a scene has been generated, in some embodiments it is classified using 

metrics relatI ng to propertI es of the scene. In embodiments, metrics that can be used for 

25 this classification can include probability or distance, depending on the classifier type or 

clustering used in each embodiment, and some function of the error or differences can 

be included in the metric depending on embodiment. Example metrics can include the 

differences between pixels or histogram differences such as the sum of absolute 

differences or Euclidean distance in these embodiments. Example metrics can also 

30 include mean squared error and peak signal-to-noise ratio in some embodiments_ 

Alternatively, in other embodiments classification can be performed according to 

predetermined trained classifications, for example there could exist predetermined 

trained classifications for a variety of scenes or objects such as outdoors, indoors, 

mountains, bike, etc The probability would be determined by the classifier used in the 

35 embodiment, for example embodiments could use a statistical similarity measure such 
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as the Kullback-Leibler divergence In other embodiments, a further alternative would be 

to use machine learning to develop a metric to be applied to the image-space, which 

would determine a formula for the distances. This classification using metrics is used to 

distinguish between scenes containing different content in at least some embodiments_ 

5 The metric data determined in this way effectively assigns the scene a content type in 

such embodiments. 

After the scene has been generated and classified, in at least some embodiments 

it is compressed and/or quantised at step 2230. In these embodiments, the compression 

of the scene can be implemented using any well-known lossy image/video compression 

10 algorithm. In such embodiments, the quantisation methods may include both colour 

quantisation, using for example a median cut algorithm or a clustering algorithm, and 

frequency quantisation 

In embodiments, the compression or quantisation process introduces image 

artefacts to the scene, producing a training scene that will be used together with the 

15 original uncompressed and unquantised version of the scene to train and/or optimise an 

image artefact removal model. In these embodiments, different levels of artefact severity 

can be introduced by varying the level of compression and/or quantisation performed at 

this stage. 

Before the training and optimisation process begins in some embodiments, the 

20 artefact severity of the training scene is determined at step 2240 by using an artefact 

grading algorithm. Examples of such algorithms that can be used in embodiments are 

found in the paper "No-Reference Image Quality Assessment in the Spatial Domain" by 

Anish Mittal, Anush Krishna Moorthy and Alan Conrad Bovik published in IEEE 

TRANSACTIONS ON IMAGE PROCESSING, Vol. 21, No. 12, DECEMBER 2012, which 

25 is incorporated herein by reference By grading the artefact severity of a training scene 

in embodiments, image artefact removal models can be trained based on both scene 

content type and the severity of the artefacts present. 

At step 250 the model training and optimisation process is performed on the 

training scene in some embodiments. Super resolution techniques and machine learning 

30 techniques are employed in some embodiments to create an image artefact removal 

model, such that the model can be used to substantially recreate the original "clean" 

version of the training scene. By employing a deep learning approach to generating the 

model in at least embodiments a non-linear hierarchical model can be created to 

reconstruct the original clean scene from the compressed and/or quantised scene 

35 An example of a deep learning approach, but in respect of only still images and In 
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relation to jpeg compression artefacts (but not, for example, other video artefacts such 

as motion blur and inter-frame artefacts), but which can be used with or without 

modification in some embodiments, is described in the paper "Compression Artifacts 

Reduction by a Deep Convolutional Network" by Chao Dong, Yubin Deng, Chen Change 

5 Loy, and Xiaoou Tang published as arXiv:1504.06993v1 [cs.CV] 27 April 2015 and this 

paper is incorporated herein by reference. This paper is related to generating an 

improved deep Super Resolution Convolutional Neural Network for image artefact 

removal from a shallow network model. 

In some of the embodiments, the quality of the recreated or cleaned scene can 

1 0 be compared with the original using objective metrics such as error rate, PSNR and 

SSI M and/or subjective measures. In some of these embodiments, if the quality is found 

to be within some pre-defined threshold, then the model can be saved along with results 

from a classifier or outcomes identifying the scene content and the artefact severity that 

the model relates to. Otherwise, in some embodiments the training process continues 

15 until the predefined threshold is met Alternatively or additionally, in some embodiments 

a pre-defined number of iterations of the machine learning process can be used to limit 

the computational time spent training the model. 

In some embodiments, the image artefact correction model trained in this way 

may be one of a non-linear hierarchical algorithm, a convolutional neural network, a 

20 recurrent neural network, a multi-layer (neural) network, an artificial neural network, a 

deep belief network, a dictionary learning algorithm, a parameter, a mapping function, a 

multi-layer feed-forward network, a non-linear filter, a dictionary, set or series of 

parameters or functions, or a series of functions 

In some embodiments, the orIgInal training scene generated in the scene 

25 selection process is used to generate multiple models for the same scene content type 

by repeating the compression and quantisation process with different levels of 

compression and/or quantisation, or by using different compression and/or quantisation 

algorithms. In these embodiments, this approach introduces a different level of artefact 

severity to the scene. Further, in some of these embodiments the training and 

30 optimisation process can then be repeated to generate a new image artefact removal 

model for the same content, but a different level of artefact severity 

In some embodiments, the trained and/or optimised image artefact removal 

models are saved to a library of image artefact removal models In some of these 

embodiments each model in the library is associated with a classifier identifying the 

35 scene content and the artefact severity that the model was trained on. In these 
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embodiments the library can therefore be thought of as a 'matrix" of example based 

models, with its rows corresponding to the scene content type, and its columns 

corresponding to the image artefact severity. 

The library can be stored on a node within a network in certain embodiments 

Referring now to Figure 23, a method of using the image artefact removal models 

will now be described according to some embodiments. 

A section of video or an image is received from a network at a receiving network 

node at step 2310 in some embodiments. In these embodiments, the data received 

depends on how the data was prepared for transmission at a transmitting network node 

1 0 and will include the video/image data or representations of the video/image data. It is 

possible In some of these embodiments that video data or representations is not 

transmitted and/or received simultaneously so some buffering may be required to wait 

for all of the components required before the artefact removal process can take place. 

In some embodiments, at step 2320, the received video or image data 1s 

15 unpacked and divided into scenes depending on its content using the process described 

above in relation to the image artefact removal process. In some of these embodiments, 

the scenes are then classified at step 2330 using metrics to determine the scene content 

type. 

Alternatively, in other embodiments the received video/image data can already 

20 have been divided into scenes and classified by the transmitting network node, in which 

case the data received by the receiving node will contain metadata for each of the 

scenes contained within it that identifies the scene content type 

In either case, in some embodiments, at step 2330, the received scenes are 

subjected to an artefact grading algorithm or classifier to determine the level of artefact 

25 severity present in the scene In some of these embodiments the source of these 

artefacts can be the video/image compression and quantisation process performed by 

the transmitting node prior to transmission of the video/image data, or they could be 

introduced by faulty or lossy network transmission 

In some embodiments, the scene content type and image artefact severity are 

30 used to select the image artefact removal model from the library of image artefact 

removal models generated in the model creation process that best matches the scene 

content type and artefact severity of the received scene. In these embodiments, this 

matching may be performed at the receiving network node if the library is stored there 

Alternatively, in other embodiments, if the library is stored remotely from the receiving 

35 network node, a request for the most suitable image artefact removal model may be 
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transmitted from the receiving node to the location of the model library In some of these 

embodiments the model library will then transmit the relevant image artefact removal 

model to the receiving network node. If no suitable image artefact removal is stored in 

the library then a generic model may be used instead. In such embodiments, a suitable 

5 model may be determined, for example, by requiring that the metric data relating to the 

content type and the artefact severity of the received video or image data lie within some 

predefined range of at least one of the image artefact removal models stored in the 

library 

In some embodiments, the image artefact removal model identified to be the 

1 0 most suitable (or the generic model in the case that no suitable model is present in the 

library or if the generic model is the most suitable model) is then applied to the received 

scene at step 2350 in order to substantially recreate the original video/image file largely 

free from image artefacts In such embodiments, this fidelity correction process can 

result in a clean reconstructed video/image, which is then output by the receiving node 

15 at step 2360. 

Referring now to Figure 24, an alternative method of using the image artefact 

removal models according to some embodiments will now be described. 

In such embodiments, this method relates to the combined use of image artefact 

removal and super resolution techniques to reconstruct a video or image from a 

20 downsampled (i e lower resolution than an original higher resolution) video or image 

data received from a network. 

In some embodiments, firstly, at step 2410, the data package is received from the 

network In these embodiments, the data received in the package depends on how the 

data was prepared for transmission by the transmitting network node and can include 

25 downsampled video or image data or representations of the video or image data and/or 

details of one or more reconstruction models for recreating high-resolution video data 

from the downsampled video or image data. In such embodiments, these details may be 

the reconstruction models themselves, or references to known reconstruction models 

stored at the receIvIng node or on the network. 

30 In some embodiments, it is possible that the video data or representations, 

references to the one or more initial reconstruction models and the modifications to 

those models are not transmitted and/or received simultaneously so some buffering may 

be required to wait for all of the components required to decode or reconstruct the 

higher-resolution video from the data transmitted over the network 

35 Next, at step 2420, the received data Is prepared for reconstruction in some 
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embodiments In these embodiments, this step generally involves separating the low­

resolution video/image or representations If transmitted from the details of the relevant 

reconstruction models. Optionally, in other embodiments, the low-resolution video or 

image is decompressed using the video or image codec used for transmission into full-

5 resolution scenes and each of the frames is matched up with the corresponding 

reconstruction model, which are also unpacked into scene-by-scene order. 

At step 2430, in some embodiments, if the scene content has not already been 

determined by the transmitting node, then it is now determined by the receiving node. 

In some embodiments, the unpacked video or image scenes are then graded to 

1 O determine their artefact severity using an artefact grading algorithm. 

In some embodiments, at step 2440, the scene content type and image artefact 

severity are used to select the image artefact removal model from the library of image 

artefact removal models generated in the model creation process that best matches the 

scene content type and artefact severity of the received scene. In such embodiments, 

15 this matching can be performed at the receiving network node if the library is stored 

there. Alternatively, in other embodiments where the library is stored remotely from the 

receiving network node, a request for the most suitable image artefact removal model 

can be transmitted from the receiving node to the location of the model library. In such 

embodiments the model library will then transmit the relevant image artefact removal 

20 model to the receiving network node If no suitable image artefact removal model is 

stored in the library then a generic model may be used instead in some of these 

embodiments 

in some embodiments, the image artefact removal model identified for each 

scene Is then applied to the downsampled scene at step 2450 In order to substantially 

25 recreate the original downsampled image transmitted by the transmitting node. 

Alternatively, in other embodiments the identified model can be used after the upscaling 

process of step 2460 to substantially remove the upscaled image artefacts from the 

recreated higher resolution video. 

At step 2460, in some embodiments the relevant reconstruction models are then 

30 applied to each of the scenes to output higher-resolution scenes. In such embodiments 

the reconstruction, or decoding, process can involve applying the optimised super 

resolution con vol utional neural network model, or reconstruction model for each scene 

in order to recreate higher resolution video or image having substantially the same 

quality as the original high-resolution video or image from which the downsampled video 

35 or image was generated by the transmitting node. Given the corresponding 
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reconstruction models and each lower-resolution scene or set of representations, in 

some embodiments a higher resolution frame that is substantially visually IdentIcal to the 

original higher-resolution frames can be reconstructed with high accuracy. 

In some embodiments, the reconstructed higher resolution scene is then output 

5 by the receiving node at step 470. 

The above-described process is performed as a post-process to the standard 

decompression process used at the decoding node for received transmissions of for 

example, video after the conventional decoding step and therefore "outside" the 

traditional compression pipeline in at least some embodiments 

1 O Alternatively, in other embodiments, the image artefact removal process can be 

performed as part of the upscaling process itself. In such embodiments, several 

reconstruction models can be trained to reproduce the higher resolution image or video 

at the first node from a number of different downsampled images or videos, each with a 

different artefact severity. In such embodiments, these can either all be transmitted with 

15 the downsampled video, or the required model can be transmitted to the second network 

node from the first node once a request for the model containing the artefact severity of 

the received downsampled image or video has been sent from the second node to the 

first node. In either case, in some embodiments the model best matching the artefact 

severity of the received downsampled image or video is used to substantially recreate 

20 the original high resolution video. 

Spatio-temporal Interpolation 

In some embodiments, visual data being received may be of a lower than 

25 desirable quality, such as at a low resolution or a low frame rate It will be appreciated 

other features may render the visual data lower than desirable quality One or more 

hierarchical algorithms may be used to increase the quality of the visual data to a more 

desirable quality For example, in some embodiments, the hierarchical algorithm may 

increase the resolution of the received visual data section or sections. In 

30 another embodiment the hierarchical algorithm may develop intermediate sections, such 

as a section to be placed between two received sections of visual data In yet another 

embodiment, the hierarchical algorithm any be used to increase the quality of the 

received visual data by combining the above mentioned embodiments 
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These embodiments can be used in combination with other embodiments, and 

alternative and optional portions of embodiments, described elsewhere in this 

specification. 

In some embodiments, one or more hierarchical algorithms may be used to 

5 estimate higher-resolution versions of received lower-resolution frames. In such 

embodiments, upon receiving multiple lower-resolution frames, a hierarchical algorithm 

can be used to estimate a higher resolution version of a particular received frame. In 

some embodiments, on the receipt of three or more consecutive frames of lower­

resolution visual data a hierarchical algorithm may be used to estimate a higher 

10 resolution version of one of the middle frames. In such embodiments, this estimation can 

be based not only on the lower-resolution version of the received frame, but also the 

lower-resolution version of the previous and subsequent frames also 

received. Alternatively, in other embodiments the hierarchical algorithm can be used to 

determine an unknown intermediate frame at the same resolution as previous and 

15 subsequent received frames. 

Alternatively, in some other embodiments a hierarchical algorithm may be used to 

estimate higher-resolution versions of the received lower-resolution frames, as well as a 

higher-resolution version of an unknown intermediate frame. Furthermore, in some 

embodiments the hierarchical algorithm may also be used to estimate an unknown future 

20 or past frame based upon the received lower-resolution frames 

Online training 

In some embodiments, new visual data being transmitted from a node to one or 

25 more other nodes has no hierarchical algorithms trained to enhance a lower-quality 

version of the new visual data For example, in some embodiments this new visual data 

may be live broadcast video data and in some embodiments the new visual data may be 

streamed or rendered e-gaming video content. Where there exist no hierarchical 

algorithms for this new visual data, specific or generic hierarchical algorithms need to be 

30 trained in order to enhance lower-quality versions of the new visual data in some of 

these embodiments and as per some of the embodiments described elsewhere. 

In some embodiments, multiple hierarchical algorithms can be trained in parallel 

on the same visual data In such embodiments, this allows for wider range of hierarchical 

algorithms to be explored within a given timeframe In some of these embodiments, the 

35 most suitable algorithm from these developed algorithms can be selected for 
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transmission across the network with the visual data_ In some embodiments, developing 

the hIerarchIcal algorithms in parallel can be useful in situations where there Is only a 

limited time available to develop the hierarchical algorithm. 

In parallel to the development of hierarchical algorithms (whether singly or 

5 multiple in parallel), in some embodiments the visual data can be encoded in an encoder 

in preparation for its transmission across the network. In this way, the time taken to 

prepare both the hierarchical algorithm and the visual data for transmission can be 

reduced when compared to developing the hierarchical algorithm and encoding the 

visual data in series in such embodiments_ 

1 O Once generic or specific hierarchical algorithms have been developed or trained, 

for example for a new game being streamed as e-gaming video content, these can be 

used to enhance the quality of lower-quality streamed visual data at receiving nodes 

These embodiments can be used in combination with other embodiments, and 

alternative and optional portions of embodiments, described elsewhere in this 

15 specification 

Offline training 

In some embodiments, new visual data to be transmitted from a node to one or 

20 more other nodes has no hierarchical algorithms trained to enhance a lower-quality 

version of the new visual data. For example, in some embodiments this new visual data 

may be new video data such as a new film or television series and in some 

embodiments the new visual data may be a computer game that will in the future be 

used to generate streamed e-gamIng video content. Where there exist no hierarchical 

25 algorithms for this new visual data, specific or generic hierarchical algorithms need to be 

trained in order to enhance lower-quality versions of the new visual data in some of 

these embodiments and as per some of the embodiments described elsewhere. 

Often, the visual data will be encoded prior to transmission across the network 

using an encoder in certain embodiments. The encoding process may introduce encoder 

30 specific artefacts to the visual data in such embodiments By refining the hierarchical 

algorithm by performing further training steps on the encoded video in some 

embodiments the hierarchical algorithm can be trained to substantially correct image 

artefacts introduced by the encoder 

In some embodiments the hierarchical algorithms can be trained using training 

35 data corresponding to the exact visual data that will be transmitted across the network. 
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In such embodiments, this approach can be particularly useful in situations where the 

visual data is known in advance, and where the visual data Is likely to be transmitted 

across the network multiple times. For example in some embodiments the hierarchical 

models can be trained on sections of an episode of a TV program that will be made 

5 available on an on-demand streaming service. In such embodiments the models trained 

on that particular episode can be transmitted alongside the lower-quality visual data and 

be used to enhance the lower-quality visual data to a higher-quality version of that 

episode 

Alternatively, in other embodiments the hierarchical algorithms can be trained on 

1 O training data that is sI milar, but not identical, to the expected visual data on which they 

are to be used. In such embodiment these trained models can be associated with metric 

data relating to properties of the visual data on which they were trained In some of 

these embodiments, this metric data can later be used to select an appropriate 

hIerarchIcal algorithm to use to enhance visual data for which no specific model has 

15 been trained. In some embodiments visual data is being generated and transmitted 

across the network substantially simultaneously, for example during a live broadcast. In 

such embodiments, there may not be enough time to generate a specific hierarchical 

algorithm for the visual data without introducing a substantial delay to the live broadcast. 

In such embodiments selecting a hierarchical algorithm that has been pre-trained on 

20 similar visual data can reduce this delay 

Once hierarchical algorithms have been trained in order to enhance lower-quality 

versions of the new visual data these can be stored in order to be sent with the visual 

data or distributed to receiving nodes in advance of visual data being sent, depending on 

the embodiments. 

25 These embodiments can be used in combination with other embodiments, and 

30 

alternative and optional portions of embodiments, described elsewhere in this 

specification. 

Strided Convolutions 

Optionally, Figure 18 shows an alternative method 1800 of the method 1500 

shown in Figure 15 according to some embodiments. In these embodiments, once the 

visual data 151 O has been separated into individual frames at step 1520, the dimension 

of the full resolution images 211 O extracted may be reduced based on at least one 

35 predetermined factor at step 1810 In these embodiments, at step 1810, the at least one 

101 

Microsoft Exhibit 1002 - Page 220 
Microsoft Corporation v. RealD Spark, LLC 
IPR2023-01046 - U.S. Patent No. 10,740,985



WO 2016/1321-t8 PCT /G 82016/050-1-26 

predetermined factor may be used to select individual pixels from the extracted full 

resolution images 2110 to form a lower resolution representation 2120 of the extracted 

full resolution images 211 0. For example, in some embodiments, a predetermined factor 

of 2 may indicate every other pixel in both the horizontal and vertical dimensions is 

5 selected, as shown In Figure 21. It will be appreciated that other values of the 

predetermined factor may be used In other embodiments, furthermore in some of these 

other embodiments both the horizontal and vertical dimensions may each have a 

different predetermined factor applied. 

In some embodiments, the reduced dimension visual data may be concatenated 

1 0 1n step 1820, to form a lower resolution representation 2120 of the extracted full 

resolution images 2110. In these embodiments, the lower resolution representation 2120 

can then be used as a basis for any image enhancement techniques and analysis 

allowing for the use of larger super resolution networks without compromising the 

runtime. In some embodiments, different predetermined factors and sizes of super 

15 resolution network can be used to obtain optimum performance 

Alternatively, in other embodiments, Figure 19 shows a method 1900 based upon 

the method 1600 shown in Figure 16. In method 1900 of these other embodiments, 

steps 181 0 and 1820 can occur after the frames are grouped into scenes in step 161 0. 

Referring now to Figure 20, a modified process 2000 according to some 

20 embodiments (based on process 1900 but which could equally be a modified version of 

process 1800) is shown. 

In these embodiments, process 1900 is modified with further steps. Specifically, 

in some of these embodiments, step 171 0 can begin with a high resolution visual data, 

for example at HD resolution. Then, at step 1720 of these embodiments, the visual data 

25 can be down-sampled to, for example, SD resolution to enable transmission over a 

bandwidth-restricted network. At step 1730 of these embodiments, the lower-resolution 

visual data can be transmitted over a network thus becoming the input visual data 31 0 of 

either process 1800 or 1900 described above In relation to Figures 18 or 19 respectively. 

30 Specific Description - Flexibility of described aspects and embodiments 

Any system feature as described herein may also be provided as a method 

feature, and vice versa 

As used herein, means plus function features may be expressed alternatively in 

35 terms of their corresponding structure. 
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In particular, method aspects may be applied to system aspects, and vice versa_ 

Furthermore, any, some and/or all features in one aspect can be applied to any, 

some and/or all features in any other aspect, In any appropriate combination. 

It should also be appreciated that particular combinations of the various features 

5 described and defined in any aspects of the invention can be implemented and/or 

supplied and/or used independently. 

In alternative embodiments, the input visual data concerned may be media for 

playback, such as recorded visual data or live streamed visual data, or it can be 

videoconference video or any other visual data source such as video recorded or being 

1 0 recorded on a portable device such as a mobile phone or a video recording device such 

as a video camera or surveillance camera. 

It should also be appreciated that the term 'visual data', may refer to a single 

image, a sequence of images, video, or a section of visual data. 

It should further be appreciated that the term "enhancing" may refer to upscaling, 

15 increasing the resolution and/or quality of visual data References to enhancing or 

increasing the quality of visual data can refer to upscaling or using enhancement 

techniques of the possible embodiments described. References to down sampling can 

refer to reducing the resolution and/or quality of visual data (for example by quantisation 

to lower the bit rate of the visual data). 

20 It should also be appreciated that the term 'frame', particularly in reference to 

grouping multiple frames into scenes, can refer to both an entire frame of a video and an 

area comprising a smaller section of a frame 

In aspects and/or embodiments, the terms algorithms and/or models and/or 

parameters can be used interchangeably or exchanged with each other. Further, in 

25 aspects and/or embodiments, the terms hierarchical algorithm, hierarchical model and 

hierarchical parameter can be exchanged with the terms convolutional neural networks 

and/or convolutional neural network model, convolutional neural network algorithm, 

convolutional neural network parameter. 
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CLAIMS: 

1 A method for developing an enhancement model for low-quality visual data, the 

method comprising the steps of 

5 receiving one or more sections of higher-quality visual data 

10 

training a hierarchical algorithm, wherein the hierarchical algorithm is 

operable to increase the quality of one or more sections of lower-quality visual 

data to substantially reproduce the one or more sections of higher-quality visual 

data; and 

outputting the hierarchical algorithm. 

2. A method according to claim 1, wherein the hierarchical algorithm is trained using 

a learned approach. 

15 3. A method according to claim 2 wherein the learned approach comprises 

20 

machine learning techniques. 

4. A method according to any preceding claim, wherein the hierarchical algorithm Is 

a non-linear hierarchical algorithm. 

5. A method according to claim 4, wherein the non-linear hierarchical algorithm 

comprises one or more convolutional neural networks. 

6. A method according to any preceding claim, wherein the hierarchical algorithm is 

25 developed from a known hierarchical algorithm 

7. A method according to any preceding claim, wherein the method is performed at 

a first network node within a network. 

30 8 A method according to claim 7, wherein the hierarchical algorithm is transmitted 

35 

to a second network node in the network. 

9 A method according to any preceding claim, wherein the one or more sections of 

lower-quality visual data are generated from the one or more sections of higher­

quality visual data. 
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1 0. A method according to claim 9, wherein the one or more sections of lower-quality 

visual data are generated from the high-quality visual data using a process 

comprising downsampling. 

11. A method according to any of claims 9 or 1 0, wherein the one or more sections of 

lower-quality visual data are generated from the one or more sections of higher­

quality visual data using a process comprising compression and/or quantisation 

1 0 12. The method according to any previous claim, wherein the hierarchical algorithm 

15 

20 

performs image enhancement, preferably using super-resolution techniques. 

13. The method according to any previous claim, wherein the hierarchical algorithm 

uses a spatio-temporal approach. 

14. The method according to any previous claim, wherein the lower-quality visual 

data comprises a plurality of frames of video. 

15. The method according to any previous claim, wherein the hierarchical algorithm 

comprises a plurality of layers. 

16. The method according to claim 15, wherein the layers are any of sequential, 

recurrent, recursive, branching or merging. 

25 17. A method for reducing the amount of data to be transferred when communicating 

30 

visual data over a network from a first node to a second node, the method at the 

first node comprising the steps of: 

reducing the quality of one or more sections of higher-quality visual data to 

one or more sections of lower-quality visual data 

developing at least one example based model operable to increase the 

quality of the one or more sections of lower-quality visual data using the one or 

more sections of higher-quality visual data to optimise the developed at least one 

example based model wherein the developed at least one example based model 

corresponds to the one or more sections of lower quality visual data; 
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transmitting the one or more sections of lower-quality visual data to the 

second node; and 

transmitting to the second node the developed at least one example 

based model that corresponds to the one or more sections of lower-quality visual 

data transmitted to the second node; 

wherein the second node is able to substantially reproduce the one 

or more sections of higher-quality visual data from the transmitted one or more 

sections of lower-quality visual data using the developed at least one example 

based model that corresponds to the one or more sections of lower-quality visual 

data. 

18. A method for increasing the quality of a section of visual data communicated over 

a network from a first node to a second node, the method at the second node 

comprising the steps of: 

receiving one or more sections of lower-quality visual data via a network; 

receiving a corresponding at least one example based model operable to 

increase the quality of the one or more sections of lower-quality visual data, the 

at least one example based model developed with the knowledge of one or more 

sections of higher-quality visual data from which the one or more sections of 

lower-quality visual data was generated, and 

using the at least one example based model to increase the quality of the 

one or more sections of lower-quality visual data to substantially recreate the one 

or more sections of higher-quality visual data 

25 19. A system for reducing the amount of data transferred when communicating visual 

30 

data over a network. the system comprising two or more nodes wherein a first 

node is configured to: 

reduce the quality of one or more sections of higher-quality visual data to 

one or more sections of lower-quality visual data 

develop at least one example based model operable to increase the 

quality of one or more sections of lower-quality visual data using the one or more 

sections of higher-quality visual data to optimise the developed at least one 

example based model, wherein the developed at least one example based model 

corresponds to the one or more sections of lower quality visual data; 
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transmit the one or more sections of lower-quality visual data to the 

second node; and 

transmit to the second node the developed at least one example based 

model that corresponds to the one or more sections of lower-quality visual data 

transmitted to the second node; 

wherein the second node is configured to: 

receive one or more sections of lower-quality visual data via a network; 

receive a corresponding developed at least one example based model 

operable to increase the quality of the one or more sections of lower-quality 

visual data, the developed at least one example based model developed with the 

knowledge of one or more sections of higher-quality visual data from which the 

one or more sections of lower-quality visual data was generated, and 

use the developed at least one example based model to increase the 

quality of the one or more sections of lower-quality visual data to substantially 

recreate the one or more sections of higher-quality visual data_ 

20. A method or system respectively according to any of claims 17 to 19, wherein the 

example based model comprises any or a combination of any of: a non-linear 

algorithm; or an hierarchical algorithm, or a convolutional neural network; or a 

recurrent neural network, or a deep belief network, or a dictionary learning 

algorithm; or a parameter; or a mapping function 

21 A method or system respectively according to any of claims 17 to 20 wherein the 

hIgh-qualIty visual data is divided into smaller sections based on sImIlarItIes 

between a plurality of frames of the high-quality visual data_ 

22. A method or system respectively according to any of claims 17 to 21 wherein the 

one or more sections comprise any of: a single frame, a sequence of frames and 

a region within a frame or sequence of frames 

23. A method or system respectively according to any of claims 17 to 22, wherein the 

visual data is converted into a sequence of images, optionally before the quality 

is lowered 
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24. A method or system respectively according to any of claims 17 to 23, wherein 

down-sampling Is used to reduce the quality of one or more sections of higher­

quality visual data to one or more sections of lower-quality visual data. 

5 25. A method or system respectively according to any of claims 17 to 24, wherein the 

10 

15 

steps of transmitting the one or more sections of lower-quality visual data to the 

second node and transmitting to the second node the developed at least one 

example based model that corresponds to the one or more sections of lower­

quality visual data transmitted to the second node occur substantially 

simultaneously. 

26. A method or system respectively according to any of claims 17 to 25, wherein the 

developed example based model is developed for each section of visual data to 

be transferred over the network. 

27. A method or system respectively according to any of claims 17 to 26, wherein the 

developed example based model is developed using a method of machine 

learning. 

20 28. A method or system respectively according to any of claims '17 to 27, wherein the 

25 

example based model comprises a plurality of connected layers. 

29 A method or system respectively according to claim 28 wherein the layers are 

sequential. 

30. A method or system respectively according to any of claim 28 or claim 29, 

wherein a last of the layers is operable to increase the quality of the one or more 

sections of lower-quality visual data. 

30 3'1 A method or system respectively according to any of claims 17 to 30, wherein the 

example based model is a neural network and preferably uses a spatio-temporal 

approach. 

32. A method of training image artefact removal models, the method comprising the 

35 steps of: 
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generating a plurality of training visual data from an original visual data; 

developing an example based model for each of the training visual data 

operable to substantially recreate the original visual data from the training visual 

data the example based model was developed from; and 

storing the example based models In a library of example based models; 

wherein the training visual data contain a predetermined amount of 

artefacts 

33. A method according to claim 32, wherein the original visual data is divided into 

smaller sections based on similarities between a plurality of sections of the 

original visual data. 

34. A method according to any of claims 32 to 33, wherein the example based model 

comprises any of: a non-linear hIerarchIcal algorithm; or a convolutIonal neural 

network; or a recurrent neural network; or a deep belief network; or a dictionary 

learning algorithm; or a parameter; or a mapping function. 

35. A method according to any of claims 32 to 34, wherein the training visual data are 

generated using at least one compression and/or quantisation algorithm. 

36. A method according to any of claims 32 to 35, wherein the example based model 

is developed using a method of machine learning 

37. A method according to any of claims 32 to 36, comprising the addItIonal step of 

determining a content type of the original visual data using metric data_ 

38. A method according to claim 37, comprising the additional step of determining a 

measure of artefact severity for each of the training visual data. 

30 39. A method according to claim 38, wherein the example based models are 

classified in the library of example based models using metric data associated 

with the content type and the measure of artefact severity of the training visual 

data from which the example based models were developed 
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40. A method or system respectively according to any preceding claim, wherein the 

visual data comprises at least one of: an image, a sequence of images, or a 

section of video. 

5 41. The method according to any previous claim, wherein a section of visual data 

comprises any of a single frame of visual data, a sequence of frames of visual 

data, and a region within a frame or sequence of frames of visual data. 

42. The method according to any previous claim, wherein the higher-quality visual 

1 0 data is at a higher-resolution than the lower-quality visual data. 

15 

20 

43. A method according to any preceding claim, wherein the one or more sections of 

lower-quality visual data have a greater amount of artefacts than the one or more 

sections of higher-quality visual data 

44. The method of any previous claim, where in enhancing the quality of visual data 

means upscaling the quality of the visual data_ 

45. A system substantially as hereinbefore described in relation to Figures 2 to 6 

46. A method substantially as hereinbefore described in relation to Figures 2 to 6 

47. Apparatus for carrying out the method of any preceding claim. 

25 48. A computer program product comprising software code for carrying out the 

method of any of claims 1 to 44 

30 
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"E" earllerappl1c.at1on or patent but published on or after the 1nternnt1onnl "X" document □f particular relevance; the claimed 1nventi □ n cannot be 
filing date con :side red novel or cannot be considered to involve an inventive 

"L" document which m'1y throw doubts on priority claim(s) or which is step when the doe-u ment is taken alone 
cited to establish the publ1c.nt1on date of another c.1tat1on or other "Y" document □f particular relevance; the claimed invention cannot be 
special reason (us specified) considered to involve an inventive step when the document is 

"O" document referring to an oral disclosure, use 1 exhibition or other combined with one or more other such documents, such combination 
means being obvious to a person skilled in the art 

'
1 P1

' document published prior to the international filing date but later than 
the priority dale claimed "&" document member of the same patent family 

Dute of the actual co mplet,o n of the international search Date of mailing ol the international search report 

6 May 2016 13/05/2016 
Name and mailing address of the ISA/ Authorized otfic.er 

European Patent Off1ce 1 P.B. 581 B Patentlaan 2 
NL - 2280 HV Rijswijk 

4 Tel. [+31-70) 340-2040, Willems, Brigitte Fax. (+31-70) 340-3016 
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C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 

Category· Citation of document, with indication, where appropriate, of the relevant passages 

Y US 2005/200757 Al (PICA ALBERTA [US] ET 
AL) 15 September 2005 (2005-09-15) 
paragraph [0020] - paragraph [0035]; 
figures 1-3 

A SHUYUAN YANG ET AL: "Single-Image 
Super-Resolution Reconstruction via 
Learned Geometric Dictionaries and 
Clustered Sparse Coding", 
IEEE TRANSACTIONS ON IMAGE PROCESSING, 
IEEE SERVICE CENTER, PISCATAWAY, NJ, US, 
vol . 21, no. 9, 
1 September 2012 (2012-09-01), pages 
4016-4028, XP011492170, 
ISSN: 1057-7149, DOI: 
10.1109/TIP.2012.2201491 
the whole document 

International application No 

PCT/GB2016/050426 

Relevant lo claim No. 

11, 13, 
14,17-31 

1-39 
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Patent document 
cited 1n search report 

us 2013128111 

us 2005200757 

Information on patent family members 

Al 

Al 

I 
Publ1cat1on 

date 

23-05-2013 

15-09-2005 

I 
NONE 

us 
~'O 

International application No 

PCT/GB2016/050426 
Patent family 
member[s) 

2005200757 Al 
2005072337 A2 

I 
Publ1cat1on 

date 

15-09-2005 
11-08-2005 
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PA'T'ENT COOPERA'I'JON TREAT\:'. 

PCT 
INTERNATIONAL PREUMINARY REPORT ON PATENTABILITY 

(Chaprer r nf ihe Patent Cooper,ninn Treaty) 

.l,pp!iGmt'5 <:>r ag,;,nt·, f.i!e rekn,1-ice 
Rl5100420 

.1.ntnn<ttkmal applka1Juri No. 
PCT /RU2016/000118 

(PCT Ihde 44bisi 

FOR FURTHER ACTION 

fotE'rnatkmal filing da!.E' (,foyimomh•)',,'or) 
03 March 2016 (03.03,2016) 

lnti!m«tional Patem Cfo~$Hi:cJtlon (f'ith <c~iition 1mle$S olfk~· <c·-dition ind!ca!J"d) 
See relevant information in Form PCT/!SA/237 

Applk,mt 
AUTONOMOUS NON-·PROFIT ORGANIZATION FOR HIGHER EDUCATION "SKOLKOVO INSTITUTE OF SCIENCE AND 
TECHNOLOGY'' 

1. This mtern;,tww1l prE'liminary r<.:·pc,ri. on p&(mtahilit,· {Chilptcr l) ,f, is•,i_K'<..l by the !mcrnal1rmal Bmeau on behalf of the 
fo,<:'rn,1Li.o~al SE'a,d1ing /:wihotHy umkr R11k· 44 his.1 (a). 

ln thca attach;.'(] sh.•ets, ,my reforence t,, the wrinen c;piJwJn o! tbe h1term1ti,;nil S<c'llrdiing Authority should be read ;,s ,l 

ni!'01tmc-:i tc, th,, int;;rn,,tk)nill prd.tmlnary report on pa1e11t3hiii.ty (ChaptE'I' i) .in5W<id. 

3. 'This ,'<?port contain,: indiGlti,:,.n,; relating to the following lt0ms.: 

~ Ifox No. I 

□ Hc,x No. fl 

□ .Box Nn. m 

□ l':Iox No. IV 

igJ Bo:-: No. V 

□ Box No. 'V[ 

□ Box N,1. Vil 

igJ Bc>s N<J. vm 

Pric,rlty 

Ncn .. ,e~tabHs.hnJf~-1t'. nf opin;on ·v"'•·hh regard io nnveH,:(, jnventive :=,;:t!~p and 'tnihi's~r:.al 
applicability 

RN,son,c,:i si,W,mE'nt und,'r Arilde :-J5{2) with wg,mJ to novelty, lnv(,t1li.ve st;;p or 
industrial ,1pplicabifoy; dt,nions and 1c·xp!,ma!ions supp,)rtirig ~i.!th Mawmr:m 

Certain ddect& in !he intem;Jtlonal applirntii)n 

4. Tli,1 Imem<1fo_111,1l Hur0;,u wil! t•J1rni;m1icate tl;is f,:por! to di",.ignalt·d ()Hices tt! ;,crnnliml•~ with lfok!~ 44/is.3(;:) ,md /.J:3&ic;.l 
br,t nN, except w!Jm:e the applicam make, an ,'.xpr,,-,s requ0,, und,:t Attid0 2'.-J(2), bdi.,1·<c' tl;0 e,;pir,H.irn1 ,:,f :JO months hum 
the ptiority dak (Rtik 44hi8 ,2). 

Th<: Tmern;i\icm;il Bun.',lll of V,'U'O 
34. dwmin d,!s Coh.,mbN.es 
121.l G(,twv~ 2iJ, SwilZ(:rt,imJ 

Fiicsimik No. +-41 1.2 T.\H H2 70 

Form PCTi!lV:373 ()ami;iry 2004) 

Date ol i~suaiK·<.:> o{ !lib ['(;pon 
26 September 2017 (26.09-2017) 

Athina Nickitas-Etienne 
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PATENT COOPERATION TREATY 

From the 
INTERNATIONAL SEARCHING AUTHOR!TY 

PCT 

see form PCTilSA,220 WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 

{PCT Rule 43bis, 1) 

Date of mo'.lilin9 
/d.'.1)'.im<mth.-'year} see i<mr1 PCTilSA!210 {second sheet) 

Applicanrs ot ag&nt·s fl!& re!Qrence 

see form PCT/!SA,220 
FOR FURTHER ACTION 
Sss parngruph 2 below 

lntemational i3!Jplication No. 

PCTtRU2016,'000118 
lntemillionsil filing date (day,irionth·rew) 

03.1)32016 

lntemational Palen! Cloosif.ca1ion {IPC} or both national classilioa1ion ru:1d IPC 

!NV, G06K9,U0 G06F3.Q1 G06T11/60 G06T15.-04 

This opinion contains indications relating to tile following items: 

~ Box No. I 

□ Box No. II 

Bas.is of the opinion 

PrK1rity 

Priority cate {<k,1·monlfvj11e.,r,i 

20,0:J .2015 

□ Box No. Ill 

□ Box No. IV 

Non•esfa.blishment ot opinion with regard lo novelt>', inveniive step and industrial applicability 

Lack. of unity of invention 

~ Box No. V Reasoned statement 1.mcier Rule 4~1bis.- 1 (a){i) with rng,ud to novelly, inventive step and industrial 
applic.abihty; cilaHons and explanations stippor!ing such sla!ement 

0 
0 
Q -

Box No. VI 

Box No. \111 

Box No. \1111 

Certain docwnents cited 

Cettain defeds in the international applicaikm 

Ceitain obsar,;at:ons on the international application 

FURTHER ACTION 

If a demand for intemati-ona! preliminary examination is made, this opinion wm usually be considered to be a 
writ!:en opininn of the International Preliminary Examining Authority ("IPEA") excep! Iha! this does not apply where 
the applicant chooses an Authonty other than this one to be the IPEA and the chosen !PEA has notifed the 
I ntemational Bureau under Rule 66, 1 bis{b) that written opinions cf this International Searching Author-ity 
will not be so considered, 

If !his opinion is, as provided above, considered to be a writien opinion of the IPEA, the applicant is invited to 
submit lo lhe IPEA a V'>'riiten reply together, wham appropriate, wilh amendmen!s, before the ex:piralion of 3 months 
from the date of mailing of Form PCT..lSAil::20 or before the expiration of 22 months from the priority date, 
whichever expires later. 

For furthe;· options, see FO!rn PGTtlSA,220. 

Europe,1n P,,!1,nt Office 
P.B. 5811?, Pa1"'ntlaan 2 
Nl·2200 HV Ripwijk, Pays Bas 
T6!. +31 70 340 • 2040 
Fax: -,31 70 340 • 3016 

Form PCTilSA1237 (Cover Sh<1><1>I) J)3nuary 2'015) 

see f<imi 
PCTilSA,~10 Neuooser, Bernhard 

Telephone No. +31 70 340·0 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 

Box No. I Basis of the opinion 

1. With regard to the language, this opinion has been established on the basis of: 

0 the international application in the language in whieh it was filed. 

International application No. 
PCT !R U2016,D0O 11 8 

D a translation of the international application into , which is the language of a translation furnished for the 
purposes of international search {Rules 12.3(a) and 23.1 (b}}. 

2. D This opinion has been estabHshed taking into account the rectification of an obvious mistake authorized 
by or notified to this Authority under Rule 91 (Rule 43bis.1 (a}) 

3. □ With regard to any nucleotide andit>r amino acid sequence disclosed in the international application, this 
opinion has been established on the basis of a sequence listing: 

a. □ forming part of the intematlonal app!icatiOn as f!led: 

□ in the form of an Annex C..-ST.25 tErxt file. 

D on paper or in the form of an image file. 

b, □ furnished together wlth the international application under PCT Rule 13ter.1 (a) for the purposes of 
lntemational search only in the form of an Annex C,BT.25 text file. 

c. □ fumis!1ect subsequent to the international filing date for the pul'poses of international search only: 

□ in the form of an Annex C.ST.25 text file (Rule 13ten(a}}. 

□ on paper or in the form of an image file (Rule 13ter. 1 (b} and Administrative Instructions, Section 
713), 

4, □ In addition, in the case that more than one version or copy of a sequence listing tHlS been filed or furnished, 
the required statements that the information in the subsequent or additional copies is identical to that 
fonning part of the application as filed or does not go beyond the app!icauon as filed, as appropriate, were 
furnished. 

5 Additional comments: 

Fo:-m PCTilSAi 237 p~r:,u;3.ry 20-15) 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 

International application No. 
PCT !R U2016,D0O 11 8 

1. 

2. 

Box No. V Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step or 
industrial app!icabili1y; citations and explanations supporting such statement 

Statement 

Novelty (N) Yes: Claims ~ 
No: Claims 1, 2,4~10, 12, 13 

Inventive step (IS) Yes: Claims 
No: Claims H3 

Industrial applicability (!A) Yes: Claims ~ 
No: Claims 

Citations and explanations 

see seoarate sheet 

Box No. VIII Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by me description, are made: 

see separate sheet 

Fo:-m PCTilSAi 237 p~r:,uary 20-15) 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING 
AUTHORITY {SEPARATE SHEET) 

Re item VIII 

International application No. 

PCT/RU2016/000118 

Articles 5 and 6 PCT, interpretation of the claims and the description. 

1. 1 Claim "1 lacks several essential features, and therefore is not supported by the 

description, contrary to the requirements of Article 6 PCT. 

1 .1 .1 The method disclosed in the present application merely is capable of 
correcting one fixed displacement offset of the gaze direction, cf. Di , p. 3, last 

paragraph; 

"Furthermore, while random forests in [16) are trained for a 

specific angle of gaze redirection, our architecture allows the 

continuously in a certain range.H. 

Note that the authors of 01 comprise the Inventors of the present patent 

application, and note fwihermore, that reference [ 16] in 01 refers to 02, an 

scientific article of the Inventors comprising the disclosure of the present 

application .. 

This set-up necessitates that the predictor is trained with training data as in­

dicated on p .. 7 of the description of the present application, namely wherein 

for all !earning pairs the difference in gaze direction ls equal. 

This essential features is however lacking in claim 1. 

1,2 Contrary to the requirements of Article 5 PCT the disclosure of the invention 
lacks clarity, 

"1.2. "1 According to p, 7: 

3l To provkk t possibility of ma.c::})h-.-i.e leaming st pre,;l<!!te:rrnined &'i;:"t of pmn; of 

cnm:thkms i:ifvisuaJfa:atioti, <.ilJfering only by gazt ditect:km of this perswn (Fig, l), 

It is unclear how the notation (li,P) relates to a set of pairs of training images. 

Is "j" indexing the different pairs of images? Why does p not have an index? 

The symbol "p" does seem to be used elsewhere in the present application. 

1,2,2 According to p. 8: 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING 
AUTHORITY {SEPARATE SHEET) 

International application No. 

PCT/RU2016/000118 

to fhlt eye 1fi the lmage JJ, ln arlide [lJ :m.unoot of plJbts N fa 6. It it o4:r,·ious that 

it :is not a fix,;.'ld pa:ru:m.ett~:r. further, ax~s-.;1lig.m:xt re.ctangfes e· bounding points of 

. ·. . f;""'."''-""',"' 
each i:ve are det~tn:tfoed, ati<l a d1m~i::·te:dstic mdius ii. is de:fined .as ✓"qi,..'<ff~{fJ: ) . 

Which images are brought to equal size? What are the points (fi, g1) (i = 

L.N)? Note that reference [1] does not mention any points (t gi), nor wording 
like focus point Rather [1] mentions landmark points, There are however 66 

landmark. points in [1 ]. It is unclear what it means that the named points are 

matching to this eye in the image Ji. It is furthermore unclear what square(B') 
may be. 

From the first paragraph of p, 9 or the last paragraph of p, 11, it is apparent 
that the points (fi, g;) (i = 1,.,N) lie on the eye outline, It remains unclear which 

points are concretely meant Also the last paragraph of p. 11 refers to 

square(B') without any explanation of the intended meaning of this expres­

sion. 

1,2,3 It is unclear what the meaning of the first paragraph of p, 13 is: 

by th{~ number of the feature point and the threshold value 't, ,md 

a 
:.,. WU -~-

< ... (ti" 

1.3 Contrary to the requirements of Article 5 PCT the disclosure of the invention 

is not sufficiently complete. 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING 
AUTHORITY {SEPARATE SHEET) 

International application No. 

PCT/RU2016/000118 

1 .3.1 The paragraph bridging p, 8 to p, 9 appears to be a headline, indicating that 

the following passage will explain how the !earning/training of the predictor 

works. This passage however does not contain enabling disclosure for the 

predictor !earning/training. Rather, it can merely be understood that learning/ 

training samples of the following form are used: 

{{x,y), !, {f1,,gi ! i= 1 ,.. N}, O(x,y)}, 

The entrusted Examiner has furthermore difficulty to understand why the 

whole input image I is part of a training sample, while only a single pixel of the 

output image O. at location (x,y) is part of the sample. 

Enabling disclosure for lhe predictor !earning/training should have explained 

i) which parameters of the machine learning algorithm exist, 

ii) how these parameters are modified during the training/learning, in 

dependence on the training/learning data. 

1,3,2 Although the passage p. 12 - p, 13, according to its heading, relates to the 

use of the predictor, it also represents implicit disclosure regarding the 

training of the predictor for the the specific choice that it uses a randomnized 

decision tree, 

According to the disclosure on p. 12 the interior (Le, non-leave) nodes of the 

randomnized decision tree correspond to tests. There are two types of tests. 

The first type of test is called an appearance test and is determined by an 

offset (dx, dy) in one of the (color) channels {R,G,B} and a threshold valuer. 

So, it appears that the answer to i) of the previous item is that for the first type 

of test the parameters are: (dx, dy), a choice c of the color channel, and a 

threshold value, 

Although the wording " [ ... ], and within t:he fn,mE:2, of thi,, t:Si3Ct. i:l 

to the thrnsho1ci v.;-,tue" lacks linguistic clarity, and, contrary to the 

announcement "as follows" not explanations follow, it appears that the test is 

lc(X+d,:,y+d,..) ~ Oc(x,y) < T, 

where lc{x+dx,Y+d,,) is the color channel c for c E. {R,G,B}, of the pixel with 

coordinates (x+dx,Y+dy) of image I, and Oc(x,y} is the color channel c for the 

pixel with coordinates (x,y) of image 0. 

It remains however obscure what the answer to ii) above is. 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING 
AUTHORITY {SEPARATE SHEET) 

International application No. 

PCT/RU2016/000118 

Based on a substantial amount of guessing, for the second type of test, called 

"test for position of pixel with respect to the characteristic point", the first 

paragraph of p. 13 may be interpreted to mean that the parameters, in the 

sense of i) above, are the index i, i E {1 , . .,,N}, the choice ot x- or y-coordinate, 

and the threshold value r. 

If the x-coordinate is chosen then the test is: 

if the y-coordinate is chosen the test is: 

y- Qi< T. 

Again, it is {completely) obscure, how these parameters are determined 

based on the training/learning data. It is furthermore obscure how the type of 

the test is chosen. 

1 A It follows from the arguments in item 1,3 above, that only a predictor 

structured as a randomnized decision tree with the parameters mentioned in 

!oc .. cit could possibly be supported by the description in the sense of Article 

6 PCT. Also for lhis reason, c!airn 1 is insufficiently supported by the 

description as it lacks essential features. 

Furthermore, claim 2 does not have any support from the description, Article 

6 PCT. 

1,5 According to p. 13, see last paragraph independently learned/trained decision 

trees may be summed together. It is unclear how such a summation is to be 

implemented. Different trees may have different numbers of leaf nodes. 

Which (pairs of) leaf nodes are combined? 

1.6 The entrusted Examiner is of the opinion that the above deficiencies cannot 

be remedied by an amendment which does not excess beyond the contents 

of the application as filed. 

It is noted that the teaching in 02, see section 32 entitled "learning" clearly 

exceeds the teaching of the present application regarding the learning/training 

of the predictor. 

"1.7 Claim 4 is not clear, Article 6 PCT. "The characteristic points" does not 

appear to have an antecedent in claim 1. 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING 
AUTHORITY {SEPARATE SHEET) 

Re item V 

Assessment according to Article 33 PCT 

2 The subject-matter of claim 1 is known, 

International application No. 

PCT/RU2016/000118 

2. i Document 03 discloses (references in parenthesis applying to this 

document):. 

A method for correcting user's gaze direction in [an] image (see title). 

Furthermore: 

Eye-lsa[r/aing is performed using a plurality of eye image 

pairs to transfor~ the eye outline, and the eye outline is 

captured with respect to the same person, and the mobile terminal 100 

learns the manner in which an eye shape ia transformed in the two 

imaqes1'n 

As is apparent from §[0100] a displacement vector field is learnt from training 

data, the displacement vector field relating eye outline points from in a pair of 

images {of the same person) where the images differ in gaze direction. Inside 

the eye {and in between the outline points texture warping is applied to 

extend the mapping from the eye outline to the whole eye region, 

It is implied that the generated transformation is saved. 

The subject-matter of claim 1 therefore lacks novelty in the meaning of Article 

33(2) PCT. 

2,2 Furthermore, the subject-matter of claim 1 also lacks novelty in view ot 04. 

The teaching ot 04 largely agrees with that of 03, the main difference being a 

artificial neural networks are you as predictors for the displacement of the 

feature points on the eye contour/outline, see title, abstract and section 2.3. 

3 The additional subjecHnatter of claim 2 is known from D4. 

4 The additional subject~matter of claim 3 is obvious to a skilled person, 

Decision trees are commonly known alternative for artificial neural networks, 

5 As far as understood, the additional subject-matter of claim 4 is known from 

04. 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING 
AUTHORITY {SEPARATE SHEET) 

International application No. 

PCT/RU2016/000118 

6 The additional subjecH11atter of claim 5, apart from pertaining to common 

general knowledge, is known from 04: Section 2.3 discloses normalization of 
feature point coordinates, 

7 Since claim 6 exhaustively lists potentially used storage technologies, the 

additional matter of claim 6 is implicitly disclosed in D3 or D4. 

8 The additional subject-rnatter of claim 7 is known from 04, see section 3. 

9 The additional subject-matter of claim 8 is known from D4: Evidently, the ANN 

is used as trained. 

10 Similar to the situation in claim 6 the additional subject-matter of claim 9 is. 
implied in D3 or D4. 

11 The additional subject-matter of claim 10 is known from D4. 

12 The additional subject-matter of claim 11 is obvious to a skilled person. 

Decision trees are commonly known alternative for artificial neural networks. 

"13 The predictor disclosed in 04 meets the requirements listed in claim 12. 

Therefore, the additional subject-matter of claim 12 is known from 04. 

i 4 It appears that the additional subject-matter of claim 13 is implied by 04, The 

normalization of the coordinates of the feature points appears to have the 

effect mentioned. The additional subject-matter of claim 13 is therefore known 
from D4, 
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PATENT COOPERATION TREATY 

PCT 
INTERNATIONAL SEARCH REPORT 

FOR FURTHER 
ACTION 

$N> Form Pi:CTfiSl<..,'2:2:!) 
";; well aa, w~re app!,oobla, i!em S below. 

A,,!TONOMOUS NON-PROflT OROANiZATlON fOR HlCHEFL 

This intemcliona! M.srch ,.-,port tl® been prepared by lMs !nt;smatiom:1! Se~chn.g At,th>::<rl!y ;m:::i l::i tr.im~rnined to ,he apciii:l.snt 
oooor~iin,i to Aitic!e 1 B. A ,;;,::,~,y ii. being t,1.i.n,:,::mitted k, lbe !nlem~i,;;m1.l BU:"'-"''IU, 

This intemclional ::iii.srch mport ,:o::inis~!is cl a toliS! i;:,! ·"""""""""""!""""'" i:.h!le-':s. 

!Z] !tis .tis,::, ao::xim;:,oo~<! by a C.-t:f.'t oi· eai:iM p,~ior m1 ,:ioct,ms;nt died i,1 th!& report. 

1. B~I$ t.li th<lf tiwort 

2 

a. 1;\•:t:1 roijarcl ic Hw langua9~, too intemclio,1ssl ::iii muh was camoo out ,::,n ihs, bmii:sl ,::,!: 

ti. □ 
,-:. □ 

D 

□ 

□ < 

th-e lniem.sikma! appli,::m,kw, in ths; l.imiti<1-gs; in wt:Jcil it ww ~loo 

a lra,1$i..tlirm cttlw ir:t~mr.1,t.iwwd ~i:,!k:rubri irils.>........,......._,........,~........,........,........,~........,......,_, w,,i:(.-t, iii the !S!"lf:!.1.1%'El' 
of .s ;rnnsil.itim1 ft.ffnis:tled lot ln<:> i:,~tposes of ii1t<llmaii,:;11a! S'i<:>aroh (Bi.l!S'ilS t 2:.3(a} am:l 23, 1 (i:,)) 

Thiz in!<ilm:'ltkma! saamh 1ar..-,rt lw::. b;i<:>n eah)b!i$llm<d laking itito ;ieeount th;i reeu'tu:mtii:tn of .m obvioua mismlre 
a1.,tl'R-:<rizoo by t1t noli!i&d t() !hi:e Ats!h:,rlty tmdar Flo.ii& ~)1 {B,il<:> 4..1.tlb.s{a)} 

Vf:!b r~ard k1 a,iy n1.1'Clf:'t.1tld"' M~'o:t ~mhl-0 ~~d $""l~l~Joo ::l.!s<:>lo~d in th,;, it~lo,m,,tior'.-.,! ,~ppli~~alior!, $~$,;,,'.(ti'.>. i. 

4. With r;igatrs lo Uw, tltkl, 

[EJ !he t;,)(l j,, ~--prov~i as stibmitted bit lh~ ~p!~am 

0 !he ·l;,xl has t,~;,n ecst&bli$1w;<l by !hies .'\uUwrity l~ !<l<!~l aQ k1lk111',<;;: 

tl.. \'Vitti r~gsiN .. t tC< th~ ab$traci, 

m 
□ lhG lS!l<t nm; OOSlrl xlSt&hlish*cl, >3CCJ:lRiif!g !o RlJI<:> JS.~~, by !hi;, Aw.horny >11< it !!Pf)Q&rn in &i)i No. IV. Tr;;i &;.1pliom'lt 

may, w.'lhin one month from thra data c,! rnaiijns o! this lntamatio,i<'ll ®::irch t-:sport, 1S,Jb,')1ll oomments tc; this; ,Aulh,::iril:y 

$. \'\•llh regard to th,:,.s drawlnw,., 

a. IJ~ fi,wr<:< t1f th;, drawlrig!> k) lw pJbli~i .. d 'l!<ilh tt,<:< abs!r;,c,t ;,, f'igun, f'fo. _____ 2. -----------------

□ as @ggsi::;t,,d by th:.:< a.pplioant 

r~n 
~ .. ~ s11ii:>,Md ti,- !his Ats!ll<>nly, oo<la,is:s !he aJ~i~~-;]:nt fo:led lo s,.igg,(';~! a ligure 

□ & 1i;s.l<:>otecl by !hi!3 ,¾llhority, b::lcat100 th,s. figure oott<llr chssracl<:>rlzeil- the ~w<:>nh°'ri 
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INTERN.A TJONAL SEARCH REPORT m1r,tna:diona! appiicatio,, ~ill 

PCT/ RU2016/000118 
A, Gl..<\.-"l,'>lFl!::tn1,:m Of S!.lf! .. !H:l' M.,HTF.fl 

INV. G06K9/00 G06F3/0l G06Tll/60 G06T15/04 
ADD. 

A>~e<::r<ling lo l:lt<.'rnali.:m,,1 P&to.>tll OM~i~tiO<l W'C) ,~it, OO{h n~o,,:):! cl~~ifo&liOf• >111>:l !PC 

a, f'll:iLmH;:1t~tu.m 
M;nim~,m .moum<Smcllon .. ~~w {,:,.'&<S;i,~~tiM $\f&lE>m f<;J:k>w~J O)I <>l&$l»1~; ~)'ml:."<1~) 

(j06K G06F G06T 

t),x,um<s<1!nlk)<l ~"''lmh«td ~,:;tll'ia" "'"''"Wm d-.-.w""""'!at"'" to ti<,:; ,:;xt«tnt ~~t ~,.,.,1, <!<)().<""""% """ ,nr.lu,"ls<ti ,,, lh,:; ti.sfu $\Oc<'•"'1!,:;d 

!::.~olrc<ii\> d-sfa ~..-)o <>:!n.mited <11.1r;ng the inton""lti<.</1,;i! $¢(<.«:.,11 (~M~ c-! ~ ~-mi<l, ,..,110,~ ,xacfuat>:e, ,:;,:;,.,,,·oi, t<,r= ,,e¢</) 

EPO-Internal. WPl D,:ita 

C. 1x:,cui.,;,Nrs ,fXJNS!t)H1FD TO EU, !'lB.~,\(h!>J'T 

()~,,,)'' (~t~t.!5$11 ot tRN;5;me,nt. \\<f!t°h ~Nfj~~l~~~ wh~r~ ~~~rcp:i:l~~ m th« ~~y~nt P-~l.ooa~ f.1:e~<~f)t t\1 i:;t..'".l::rn ~~1. 

T Yaros1av Ganin ET Al: noe:e:pWarp: 1-13 
Photo-realistic Image Resynthes1s for Gaze 
Mani pu lat ion», 
• 25 Ju1y 2016 (2016-07-25). XP055295123, 
Retrieved from the Internet: 
URL:http://arxiv.org/pdf/1607.872l5v2.pdf 
[retrieved on 2016~08~15] 
the who1e doc1.m1ent 

-----
NINN 

[[] F'urlh.tu· doo~m!f:,nh~ a:c·t<- ~:s.t':ld $~. th~ ~t~wxdSQ,n cl au~ C. [RJ ~ pal~H~ farnit), $tt1U~~-

,. S!,>~ci&! o..<i.ffiiJt)!w<> ,:it t>t<S<l ,'lt)l;ml'..,r,~ · 
'T' !._<i.tm· dcy,,;,;me,'it ~><l\:ll~lJ<,-:1 Attor the ~,~,.,1&!x.ni<iHil~~ cl&t<> or prs~r!tj: 

"A' ~ss""""'t d,(<fif\i:ng lll<> ~,:,n*m! ~~I"-' cl lll~· Ml Slli1:oo f~ oot ~i'l<>i®'OO 
c~ ~t}d r:ct m ~u:ot with tu* ~w~~tkm ~~-t- ci~ ~ ~.:nd~~~"'NN: 

"!{'} t."«:<: ,.,~· p...~rtk_-:u:~r mR?.-Vrt.'b11'!- ill,:, pnm:ip:!«t "' ~'l,;,:,ry l~li>i:-,S l:-W i:'l'J«tnt:,-,n 

'I:::* ®r~<>' :;O:f.l!,lm>S.00.'I ,:,r ,>at1:»1t l',s,\ p~'~h..'d o,i ,;;r &ttm llw i:'lwm&lk.':ll@ ~"x'<: ®e-t.:rn~-!it ~t p..~tkQ..t:f&~' ~~k:.v,:;tt1t.~; th~ ~k~~ :fF(~ti:tiv~-n ~mi:o1 t~ 
31:l<U<lZlx< roi1&:c¢t¢<l ,10,·'0l ~r ~m,ct 1:)1, oo,sosi®r>.'d to \~\'OW im illv,.,.,1!w« 

'l.' <l'-""\mw,,ol whi<>h m&)' lhrm\' U(.>Ul',l:>. w, pri<:<rily <:<!<ilm<'~t _<:<rwhi<>h ll:' ~lt:ts w~wn tt-J~ ~~~klm~r,.t ~::,(. ·~~n abrsM 
~it.ic ·!Q ,.,.s,t~b!ioh ti~ t'~l>~<i,llion d@<', ;:,i a,iO!!'<m ~:l.«t,,11 Of oti1«r ''Y' •:SOC,lffi(<r>'l i>t p,~rtk>U!&f ro~V<'IM<>; fu<l ;,!,_~jm,:-ti ~W-!1ti-or. '-"l"1Wt 00 
SP<,~i&I t<l~~;:," {&S ~p>}<)"1*'.'l) Q::sw:cere<I to icm,s.1¥e ,:m ;,wen11vo si:,:,i:, wlJ@ !ho </cy,;;umo:;t i;ic 

1X)~ d.o;:Dumer-tt ~:£!~~ lo ~n ~t.s.!: ~-s.:.:;k,'»u~, ~s-, ~hw-:'! o-r o~~ t..¢mb~1i>>'l'l>~'lh 0""'"' m<it«,:,t1i<'trs\>~11 d<x,um,;,11~. s_.-,,,,i~.,,-;i,in«ti<i,1 
~':;~n$ b«tii'!(l oovaous !<> .> l>"roon ~li,-;tJ ;,, !~ :,>rt. • 

•p> tkx.Hs::-nt-":nt pubfa:;Jw<l ~f;Q;r tu th~ mt~~fa .. 'f;:kd fiiirsg d~{* ta.s~. ~t*rtha:; 
t!m p,j,(;1i!y ,~)l,:>c <>~)N>~<J '&• 4'3-:l<,mw,t mmm,:>cr ol ih« ~@1"" pai~,N fomify 

0~ tJf t:-1~· ~ttWJ ~l~~~n. {J(, ~t~ ~lttunat~N~l- &~'-'$fe~ I)~ <>I' ma:fa19 Qf Ill" i»lx'·'"'-"16""~! ~,:;,:,;,-.l; t~>Q<! 

16 ,l\ugust 2016 25/08/2()16 

Name f;r><:l m .. ~i,ng :i.<-.'-til<'<~ o.• !h<S ,SA/ Aulhortt~d Ql))wr 
E.-t.:f¢p~a~ ~~~:~tC,tfi~&~ PJ3,, . .6816 P&t.entt..1-!-irE 2 
NL .. 2200 HV Rij:sw"' 

1 T~l {1-~fl .. Jq} a ... iOv"?:MO~ Neubuser~ Bernhard f;i,~·: (-.:,F?O) J<l~~J{;'l{l 
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INTERNATIONAL SEARCH REPORT 

T KONONENKO OANHL ET AL: ~Learning to look 
up: Rea1 time monocular ga2e correction 
using machine tearningii, 

X 

X 

2015 l EEE CONFERENCE ON COMPUTER VlSlON 
AND PATTERN RECOGNiTION (CVPR), H.EE, 
7 ,June 2015 (2015-06-07). pages 4667--4675. 
XP832793924, 
001: 18.1189/CVPR.2815.7299098 
[retrh~ved on 2H15-10-14] 
the who ·i e docurr11:mt 

US 2014/016871 Al (SON BYUNG-JUN [KRJ ET 
Al) 16 January 201.4 { 2014--01-15) 
paragr~ph [0098) ~ pat\igraph [Oll5] 

YlP B; ijfac:e and Eye Rectification in 
Video Conference Using Arti fida1 Neural 
Network~, 
IEEE tNTERNATHlNAL CONFERrnct ON 
MULTlMEJHA ANO EXPO. 2005. ICME 2005. 
AMSTERDAM, THE NETHERLANDS• 06-0$ JULY 
2005. IEEE. PISCATAWAY, NJ 1 USA, 
6 July 2005 (2005-07-06L pages 690-693~ 
XP0Hl844250, 
DOI: lQ,1109/lCME.2005.1521517 
ISBN: 978•0-7893-9331·8 
the l><'h◊ le document 
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PATENT COOPERATION TREATY 

From !he 
INTERNATIONAL SF.ARCHING AUTHORITY 

PCT 

see h:mn PCTJSA-220 WRITTEN OPINION OF THE 
INTERNATIONAL SEARCH !NG AUTHORITY 

( PCT Rule 43bis, 1} 

Drue of m;;l)lirig 
{d~¥Jn,onth.'}··~1~} ~ee fOfl~ PCTllSA:t!10 {s&c.o~,ci $h&&t) 

Applk:«tWS t:.•t ag&flfS ~•t& ,<S-lsit!i<r.<:<S­

See form PCT,-t&A.,220 
FOR FURTHER ACTION 

lntemation.si 4-'Pii,cation No. 

PCT.,RU2:0'!6Jl(}(ll '18 
Memi3iiona! filing date {cf,3y;fm,'>'1thyewi 

0tHX~2016 

lniermxli~)n<1I Paler!! C!.itx,;~c,)!son f,PC) <>.< h-:.'llh m,Ji~)nal clw,si!\calk~1 and !PO 

lNV, G06K9i't)O G06F3.-01 G06T11Jl0 G06T15.-04-

This cipln!on contains indications m!ating to the following items; 

0 Bt.:::~ N·o. !t Priority 

PriOfilY cale {<.fuymonlh:f!i!-i3f./ 

20.0(1 2015 

0 Box No. m Non-estabHshment ofopir:ion with rngarcl lo no\«~it)', irweriHve step ,rncl ind,mt;ial applk:<1b1hty 

U 80:>i N◊. IV Lack of llrlily of invention 
t8 So:~ No. V R:e~zor.,ed sta.ternant under Rui~ .43bh;., i (a}{l) \vith fGg!:Hd to :ioveUy~ lrrJer.tive sh'3p and ind~J-stdaJ 

appHcabi!ily: d!ilHor.s and Q:>:p!ar.afons Sl,pporting :;uch stil.tarrmri! 

0 Box No. VI Certain documants ci!ad 

0 Box No. VI! C-ettain defects In the intema!ional appHca!Kin 

(:i:g Box No. Vin Gettain oooer~1at1(m:;, ◊(l lM i(l!ernatronal applic:ltkm 

~fa dam.and for !:ntem<3hona! preiirr.,~naf)( 9'Xarnination is rna:de~ this opin~:,n 'r.:viU •usuaHy tn~· c.onsl.der~d ttJ be a 
wdtt€on opinkm of !he !nlf.ltr<<',lilma! Ptf.\Hmi11slry Ex.amiolng Authority ("!PE.A") axc,epi !ht1t this doe..-; ri.--:,t am1lt whf.ltf.l 
the app!ic::int chooses ,:;n Authmit)' o!het th;1ri tr1is one lo oe !he !PEA and the ct1<..)::.@ !PEA has notifed llw 
lnt~mwikmal 8la«>;ai1 und«>;r Rul~ 6tt 1 h:':>{b) lhai wrlH~ri opinions d thi.s lntmn;likmal Sear::;hins_i AlHhc,rity 
wm not oe $◊ C<)ri$id-er-ed, 

!f niis opinion is, m:; p;o,,.,ided atxwe, c(,nskJere(! t,-=i t~e a written (,pinion of Hw !PE,t\ tlw app,bint is in\<ited to 
m.ibmil le~ !he !PEA. a '-">'!iltfm tGp!y tog~i,!wr, whem apprG'ptiatB, wllh arnGr~:jm~iils, lx~focrB thG B:-::plrn!lon «r 2 mon!hi. 
from lhe oat$ of maiHi;g of Form F'CT:lSA,220 or b-$fote the expirnfon of 22 m◊nihll.c from th$ p!iodty da!f.l, 
\•lhichBVGt B>:pke;. iatB,, 

I) 
................. 

E,m:,p~,m P,1!,ml Offic~ 
P.B .. 581~t Pi..~tientk\aN 2 
Nl-2200 H\i Rij,:,,s;\ji( • Psi:,,~ &ls 
'l'f.ll .,Ji 7(! 340 • W40 
F.s.~:-<">1 70$40·$011S 

S-00 fO!'rn: 
POT:!SA~10 Neubuoor, Bemnard 
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WRITTEN OPINION OF THE International application No, 
PCT/RU2016,Q001 ·18 lNTERNA TIONAL SEARCHING AUTHORITY 

1. With regard to the language, this opinion has been established on the basis of: 

til 

0 

2. C' ,._J 

a translation of the intemational appUcafam into , which is the language of a t.ranslatkm furnished for the 
puq::-0ses o! lntematlona! search {Rules 12 .. 3(a) and 23.1 {b)}. 

This opinion has been established taking into account. the rectification of an obvious mistake autnort:::oo 
by or rn:.1tifled to this At1th{.1rity um.1er Rule 91 (Rule 43bis.1 (a}) 

3. U With regard to any nucleotide andibr amino acid sequence disclosed in the !ritemational applic:ation, this 
opinion has bee11 established on the basiS of a sezwence listing: 

a, Cl tonri!ng part of me iritematlOrial application as filed; 

Cl on paper or in the form of an image me. 

b, Cl fomished t()QeUlet' With me h1t!".lff1.!lll0!1u! app!lcatiCH'I Ul'ldM PCT Ru!~ 13ter, 1 (aJ tor tM purpt.)S!".lS Of 
International search onlt in tt1e form of an Anne>: C,BT-25 tf:i:<t Ne, 

c. CJ fumlshoo subsequent to tM lntemalloria! rmng date for ttw, purposes or lntemationa! search only: 

0 lri the form of an Annex C1SL25 te>.1 rne {Ru!e 13te;: 1 (a}}. 

□ mi paper or in the tonn ot an image me {r-Me 13ter, 1 (t>} and AdministratNe instructions, Section 
713}. 

4. 0 In adclitlon, in the case that more than one verskin or copy of a sequence listing has been filed or furnished, 
the required statements that the lnfonnatkin in the subsequent or adtlitlona! copies is klent~-::al to that 
ronnlng pa.ft or the app!~::ation as rnoo or does not go ooyi::ind the applicatlor, as med, as appri:iprlate, werec 
ftimished 
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WRITTEN OPINION OF THE 
lNTERNA TIONAL SEARCHING AUTHORITY 

International application No, 
PCT/RU2016,Q001 ·18 

Box No. V Rea$oned $tatement under Rule 4$bis.1(a){i} with regard to novelty, inventive step or 
Industrial app!icabilHy; citations and explanations supporting such statem&nt 

1. State men! 

Novelty {N) 

!rwen!lve step (IS) 

Industrial applicaomty {!A} 

ri. Citations and ei,,;planations 

aee sooarete aheet 

Yes: 
No: 

Yes: 
No: 

Yes: 
No. 

Claims "' 11 :.<"'"'"" 
Claims 1, 2,.4•H),J2,J3 

Claims 
Claims 1 • '" ". !,) 

Claims 1·1Q 

Claims 

Box No. vm Certain ~rvaHons on th& internatronal applicauon 

The following observations cm the c!arit, iJf the ciairns, description, aru::.l drawings or on the question whether the 
claims are fully supported by me desmlpliOn, arn made: 
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WRITTEN OPINION OF THE 
INTERNATlONAL SEARCHING 
AUTHORITY (SEPARATE. SHEET} 

Re item vm 

PCT!RU2016/000118 

1 Articles 5 and 6 PCT. interpretation of the c!ain1s and the description. 

1.1 Claim ·1 lacks several essential features, and therefore is not supported by- the 

description, contrary to the requirements of Article 6 PCT. 

1, i , i The method disclosed in the present application rnernly is capable of 
correcting one fixed disp!ac:ernent offset of the gaze ditection, cf, Di, p. 3, last 
paragraph; 

spec~f~c angle of ga:e redirection, our architecture allows the 

continnoualy in a certain range.». 

Note that the authors of Di comprise the Inventors of the present patent 
app!ication, and note furthermore, U1at reference [16J in D1 refers to D2:., an 
scientific article of the Inventors comprising the disclosure of the present 
application, 

This set-up necessitates that the predictor is trained w!th training data as in­
dicated on p. 7 of the description of the present application, namely wherein 
for au learning pairs the difference in gaze direction is equal. 

This essential features is however !ac..!-dng in claim 1. 

1,2 Contra.ry to the requirements of Article 5 PCT the disclosure of the invention 
lacks clarity-, 

·12. i According to p, 7: 

3\ Tc- provkk l\1. po:s~1M.lity ¾)f m~c:N,:te lc.iin~fng ~ }\f,~dei.~nnined ~~ <:,f i~-un; of 

It is unclear how the notation (11,p) relates to a set of pairs of training Images. 
Is 'T' indexing the different pairs of images? Why does p not have an index? 

The symbol "p" does seem to be used elsewhere in the present application. 

1,2,2 According to p. 8: 
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WRITTEN OPINION OF THE 
INTERNATlONAL SEARCHING 
AUTHORITY (SEPARATE. SHEET} PCT!RU2016/000118 

·. r ----------.--" 
ea:eh ~ye ~i~ detei'ix~~n~d. atxl .i. ch,trni.::·iin-:istk tadiu£! -4 is ddui{:d ms 1S(!'t>-"'-trttfn, 

Which images are brought to equal size? What are the points (f1, gj) (i = 

1,..N)? Ncte that reference [1 l does not mention any pcints (fh gi), ncr wording 
like focus point Rather [1] mentions landmark points, There are ho~vever 66 
!andrnark points in [1]. !tis unclear what it means that the named points are 
matching to this eye in the image ff. It is furthermore unclear what square{B) 
may be, 

From the first paragraph of p. 9 or the last paragraph of p, i 1, it is apparent 
that the points (f,, gi) (i = 1 __ .N) He on the eye outline. !t remains unclear which 

points are ooncrete!y mes.ant Also the last paragraph of p. 11 refers to 
square(ff) without any explanation of the intended meaning ot this expres­
sion. 

1 ,2,3 It is unclear what H1e meaning of the nrst paragraph of p, i 3 ls: 

.:.! 
~-.-., ... ~~ ·r <)t 

1,3 Contrary to the requirements of Article 5 PCT the disclosure of the invention 
is not sufficiently complete. 
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WRITTEN OPINION OF THE 
INTERNATlONAL SEARCHING 
AUTHORITY (SEPARATE. SHEET} PCT!RU2016/000118 

1.3.1 The paragraph bridging p. 8 to p, 9 appears to be a headline. indicating that 

the following passage will explain how the !earning/training of the predictor 
works. This passage however does not contain enabling dlsc!osw-e for the 
predictor !earning/training. Rather, it can rnerel:v be understood that !earning/ 
training samples of the following form are t.ised: 

{(x,y), I, ffi ,gi Ii~ 1 .. , N}, O(x,y)}, 

The entrusted Examiner has furthermore difficulty to understand why the 
whole input image ! is part of a training sample, while only a single pixel of the 
output image 0, at location {x,y) is pa.rt of the sample. 

Enabling disclosure for the predictor !earning/training should have explained 

i) which parameters of the machine !earning algorithm exist, 

ii) how these pa.rarneters are modified during lhe training/learning, in 
dependence on the training/learning data, 

i ,3,2 Although the passage p. 12 - p, 13, according to its heading, relates to the 
use of the predictor. it also represents hnplicft disclosure regarding the 
training of the predictor for the the specific choice that it uses a randomnized 

decision tree, 

According to the disclOSllre on p, 12 the interior {Le. nonv!eave) nodes of the 
randomnized decision tree correspond to tests, There are two types of tests. 

The first type of test is c.a!led an appearance test and is determined by an 
offset {dx, dy) in one of the (color} channels {R,G,B} and a threshold valuer. 

So, it appears that the answer to i) of the previous item is that for the first type 
of test the parameters are; (dx, dy), a choice c of the color channel, and a 
threshold value, 

difference of two values of rixels in this colo~ channel is comp&E&d 

to th"' th-l:,,e$hold ,,.;;L,,z,;" lacks !ingi..jistic clarity, and, contrary to the 
announcement "as follows" not explanations foliow, lt appears that the test ls 

lc;(X+d;..,y+d>,) ¥ Oc(x,y) < r, 

where l(:(x+d;..,~'+d>,) is the color channel c tor c'" {R,G,8}, of the plxe! with 
coordinates (x+dx,Y+dy) of image !, and 0(:{x,y) is the color channel c for the 
pixel with coordinates (x,y) of lmage Q., 

It remains however obscure what the answer to H) above is. 
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WRITTEN OPINION OF THE 
INTERNATlONAL SEARCHING 
AUTHORITY (SEPARATE. SHEET} PCT!RU2016/000118 

Based on a substantial amount of guessing, for the second type of test, caHed 
"test for position of pixel with respect to U1e characteristic point'\ the first 
paragraph of p, 13 may be interpreted to mean that the pararneters, ln the 

sense of l) above, are the index i, i E {1, ... ,N}., tile choice of x-- or y·-coordlnate, 
and the threshold value r. 

If the x~coordinate is chosen then the test is: 

if they-coordinate is chosen the test is: 

y~gi<T, 

Again~ it is (completely) obscure. how these pararnelers are determined 
based on the training/learning data. It is furthmmore obscure how the typo of 

the test is chosen. 

1 A It foUows from the arguments in item 1,3 above, that only a predictor 

structured as a randomnized decision tree with the paran,eters mentioned in 
!oc. cit could possibly be supported by the description in the sense of Article 
6 PCT, Also for this reason, clairn 1 is insufficiently supported b~, the 

description as it lacks essential features, 

Furthermore, claim 2 does not have any support from the description, Article 
6 PCT, 

1.5 Accmding to p. 13, see last paragraph independently !ea.med/trained decision 

trees may be summed together. It is unclear how such a summation is to be 

implemented. Different trees may have different numbers of !oaf nodes. 
Which (pairs of) !eat nodes are combined? 

1,6 The entrusted Examiner is of the opinion that the above deficiencies cannot 

be remedied by an arnendment which does not excess beyond the contents 
of the application as filed, 

It is noted that the teaching in 02, see section 3,2 entitled "learning" clearly 
exceeds the teaching of the present application regarding the !earning/training 
of the predictor. 

i .7 Claim 4 is not clear, Article 6 PCT "The characterlstlc points" does not 

appear tc have an antecedent in claim 1. 
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Re item V 

Assessment according to Article 33 PCT 

2 The sub_ject~matter of claim ·1 is known. 

PCT!RU2016/000118 

2 .. 1 Document D3 discloses (references in parenthesis applying to this 

document): 

A method for correcting user's gaze direction in [anj hnage (see title). 

Ft.1 rthermore: 

As ts apparent from §[O l 00] a displacement vector field is learnt from training 
data, the displacement vector field relating eye outline points from in a pair of 
images {of the sarne person) where the images differ in gaze direction, Inside 
the eye (and in between the outline points texture 1Narp!ng is applied to 
extend the mapping from the eye outline to the whole ey'e region. 

It is irnplied that the generated transforrnation is saved, 

The subject-matter of claim 'l therefore lacks novelty in the meaning of Article 

33{2) PCT. 

2.2 Furthermore. the suoject~matter of claim ·1 also lacks novelty ln view ot 04 .. 
The teaching ot D4 largely agrees with that of 03, the main difference being a 
artmclal neural networks are you as predictors for the displacement of the 
feature points on the eye contour/outline, see title, abstract. and section 2.3. 

3 The additional subjecHnatter of claim 2 is known from D4, 

4 The additional subjecHnatter of claim 3 is obvious to a skilled person. 

Decision trees are commonly known alternative for artificial neural networks. 

5 As far as understood, the additional subject-matter of clalm 4 is known from 
D4. 
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6 The additional subject~matter of claim 5, apart from pertaining to common 
general knowledge, is known trom D4: Section 2.3 discloses normalization ot 
feature point coordinates. 

7 Since claim 6 exhaustively lists potentially used storage technologies, the 
addWona! matter of clalm 6 !s !mplic!Uy disclosed in 03 or 04. 

8 The additional s1...ibjecHnatter of claim 7 is known from D4, see section 3, 

9 The additional s1...ibject-matter of claim 8 is known from D4: Evidently, the ANN 
is used as trained, 

10 Similar to the situation in claim 6 the additional subject-matter ot c!airn 9 is 
implied in 03 or 04. 

ii The additional subject-matter of claim 10 is known from D4. 

·12 The additions.! subject-matt.er ot claJm ·11 is obvloLJs to a skilled person. 
Decision trees are commonly known alternative for artificial neural net,,vort<s. 

i 3 The predictor disclosed in D4 meets the requirements listed in claim 12, 
Therefore. the additional st.1bjecH11atter of dairn 12: is known frorn D4. 

'l 4 It appearn that the additional subject-matter of claim 13 is Implied by 04. The 
normalization of the coordinates of the feature points appears to have the 
effect rnentionec.t The additional subjectymatter of claim 13 is therefore known 
frorn D4, 
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.PCT/US2017!012203 
.PATENT COOPE.RATlON TREATY 

Fn.>m lhe INTERNATIONAL SEARCHJNG AUTHORlT''{ 

To: 

LO\VRY, PENNY I... PCT 
5700 FLATIRON P/1.RK\.VA Y BOlJLDER CO 80301 US/\ 

NOTIFICATION OF TRANS:t\-UTTAL OF 
THE INTERNATIONAL SEARCH REPORT AND 

THE \VRITTEN OPINION OF THE INTERNATIONAL 
SEARCHING AFfHORITY, OR THE DECLARATl:oN 

{PCT Rul,; 44 .. 1) 

Dim- ,):! m&Jfo1g 
18 April 2017(l8.{l4.2017) (dtly/rnouf h·~rea ,:) 

Appli;.;,mt's ,,r .;gent's fik reforence 

388002 :FOR FllRTHER ACHON s\'.~\'.~ pat11gn1phs. 1 and 4 'belo\V 

Irw,,matimia! apphcati.(m .No. fot.,mrn!ional filing da1t, 
(d..:ty/lnonth:)·ern:J 

PCT/lJS20l7/0l2203 04 January 2-017 (04.0l..2{H7) 

Applkmit 

REAU) SPARK, LLC 

l. IZ] Tlu.~ applicant is hereby .n.ntifici! that the intc:rnati:o:tl3.l ~i:.~:nt~h ·rt~p:n:n. and tlle \·v1:iUt:.•:n oinnion nf th~ lntc.Jnat~o1:..a.l S,c;srchrng 

i\.uthoriiy h,wc h;,;,u t,,1.3hfahcd :,ud an,. tmn,mitted herewith. 
Filiug or a111t~ndmc11ts aud ,tatcment. u11dcr Ad.idc 19: 
ThC' applicam is enti!kd, if lw w wi,ht,,., to aruend the daims ofth,:: inlernmiotml :;pp!ica.ti,1n (,ee Rule 46). 

\\'hcu '! The tiine limit .fm filing ~lli:-h ;unendmt,nts 1s nrmna!ly tw;:, mmnhs frum tl«: dak (>f lrnm;rniHul of ,h,, 
inti~ru3tlorrnl ~~~uch report 

U<Jw? Di1e,,tly w the lntematimi«l flun.:-rn of \V!PO p,d,::r.ahly tlmmgh cPCT ur on paper k\ 34 d1,,rnin des 
Colomb<:ttes l 21 l Gene\·~• 21.l., Swit:.>.crfom.1, fa,:~imik N,_,_. -;~j l 22 J }8 lsZ 70 

For mMc d<:'taikd i11st1'urtlous. stoe PCT Applicw11:1, Guide, !ntt~mati,)tlll1 Phast\ paragraph.~ 9.004 . 9-01 l. 

Z. D Th,: applicant is her,:hy nNifo,tl that flQ im~,n1atit>n«! ;;e,u.:h report wiH h;: ;:;;tahhshed and !hat !he dedarnhon under 
A,lid,: l 7(2.)(a) to that dkct and !he wntK'fl opini<)1l of the foti:m,1tion;il S<,,;rching Aut}im:i!y am tr,msmitt,=J hen:wilh. 

3, D '\.Vith l't>ganl fo any prnt.-st ,ig;,i.mt p,1ymcn! ilf (an) ad,.htional fo;_,(s) !mdcr Rule 4(U. the apphcant i;; ll<)tified ;hat: 
D th;;; prn!e;;i tog;;,ther with the deciswt1 !he,~'>m has lwen transmitted t.n tho:: laternah(mal Ifo.ixim tog,=!}1er with any 

ri:qll~st \<.) forward tlw !exts (lf hNh th;: proK,;.t und th,:, d<,;:ision tht,re,)t1 lo th;: de;;ignatd Ot1ke;;. 

D 1w dcd,im1 has been 1midc yet ,m th~ prnk\;;!; the apphcam w11! be nNifi~tl as SNHl as a dcc1swn i;; made, 
4. Jkminikrs 

Th~ uppfo:mn may ,mhmil c,)mments on an informiil basis <)1l ,ht, written nprnioa of tho:: laternat:imial S<'.atdnng A,ithnritv to the 
lntcmatiom;J Buremi Tht' IukmM.ional BBre,m wi.ll send H copy (>f ,11ch cnn:uncni,, !o al1 tk,,igimted Offic<.:,s uufo&, an. in1erimtlonal 
pndiminary t,:rnmimilrnB rcpt>lt has bt'l!ll or i, \O hc establisht:<.l. following tilt\ ,,xpirntim1 ,1f:W nmntb frflm the pi·ion.ly date, tfa\,<: 
comment~ will al~o he made ,wnilahle M the pnblk 

Shmtlv an.er the expirntio11 ,rf IS months from the p-rn>nt\' date, th;;, intcmatirn1al applkaifo11 ,--di be Ntb!ished by the !ntcmah,1t1a! 
Bureau. lfihe applicant wishi:i, to av,1id or po~tprn1i:i puhliclll.\011., a 1iotici:i ofwifodr;n:i,al nfthc i.ntcrn~i.ti~mal app!k;1tim1 .. <.>r of the 
wiority tciairn., nrnst R'ildl tlw lnt,;:rnatiomtl lh,,1:,au before !!11:, ,·.,Jmpk'tion of th<' technical prq,:;ration$ for 1m.:.,n:wti,Jna! pub!ii:ution 
\Rilk:S 90bi .. d mid 90bis3). 

'Witlnn 19 1:mmtbs from the p1fority date, hu1. only in Rc,pt,d of ,om,, dcS\f,llalt,d Officcs, ~ d,;:nmnd fi.Jr inttm«tion»! pr,dirninury 
exmninaiionmust be filed if the appli,,m1t wi,h~~ lo postpune the emry into the natimi~tl ph,bc tmtil 30 numth~ fr,.>m ;h,, pri,why dme 
(in somt' Office, ;;;ven b!.t'r); <)thC'!WlSe, th<: a_pplicam mu~t, within 20 months from the prioritv date, perfmw the prc,,nl:,i::d act, fot 
entry itit~) the irntinnal_1:h<1sc he for~ d1(:sc dc,1~m1k\d Offitc,. lfl respect of Nher Ji:$ignatcd Office\, ,h~ tim~_}innt of 3{t mouth.s (or 
lat~r) wi.tl ''!:Pl}' C\~11 d no _demnnd 1, tiled withm 19 n;';l~tl-K hw de,t-uls ~hom_ !h_e rip/.>h_7nhk ume nmHs .. Ot:t!(:t: hy Uthe,:,, see 
WW'»'.wi_p<.>.mlip1:l,e1i,'tc.>;;.,;.:tm1.<0Jumts.html and the Pc l Ar.•phcanrs (rmde, Na1w11a Chapter;,. 

Within 19 mouth~ from !ht, rriority date, the appfa,:mt nmy retim,st ll-rn! 3 !;l.lpJ'l~mw1iary in,enmtimial st,ardi tx, c.3uit,d nut by ml 
lntcmaiK>1ml Scardmig Autlwn:!.y, tha! (Jfk,rs thi, ~'""'ice (}hik 45bis. l). Thi:: pro;;,::durc for req,i,::sting $uppkmcntary mMnali,ma! 
search ·is de;;crihed in th~ PCT .-4ppl,,ant'.Y (h11de, Int,;:crnational Phas,\ paragraphs 8.fl06•KIH2. 

Narm, and m;Ji.lim.; addrt~, nfth,;: lSA/KR Au!horized offiixt 
l11.tct11.{~tkm;1J Applic~J.ion Di·vi:d.:m 

Korean llM!kct,,a! f'mp,my Oii:ic,, C0/1.·H,HSS!ONER 
l ~9 Cb<;:1,rig~~,:r._)} s~{;L,gt.t, n~1.~j<:'fm, 3:520~,; R~pubj:(.: •:.if Kf.•r~~1 

Fm111 PCT/ISA/220 (July 2Hl4) 
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Copies of the docmnen!s cited in ihe intenmtional search report cun be >ic.tl!'c.hed in the following K<)t1:.~an 
Intdkciual Property Offo:e EngH5h wd,~itc for $IX month,;(cxpin:: dale : 2017.10.18 ) from the date of 
malling (>f ihc ink~rnational sean.:h rcporL 

ID : I'CT inlertHHl(>rml uppfaa,ion number 
PW : 9Y822634 

[nquirie;; rdated to PCT International Search Repon or Written Opinion prepared by KIPO as an International 
Searching Authmily can be misw·crcd not only· by KII'O but also through !PKC (!ntdlectllaJ f)wper!)' Korea 
Center), lo<-'aicd in Vienna, VA., which functions as a PCT Hdp Desk for PCT applkm1ts. 

Homepage: httpJiwww.ipkcemer.com 

Email: ipkc@ipkcen1er.com 

Not<'~ w h,rn1 PCTiIS.Ai22() \July 2{l.l4) 
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PCT/lJS20l 7/0l2203 
PATENT COOPERATION TREATY 

PCT 
INTERNATIONAL SEARCH REPORT 

Appli~am'~ or agem'" frk reforen,,e 

3i$80{J2 
FOR FURTHER 

ACTION 
see Form PCT/ISA/220 

sE~ v,ld.l as, \'vht-r'--: app:~icablc~ 1ien1 5 heh1\v. 

PCT/US20l 7/012203 05 January 20!6(05,01.20!6) 

REALD SPARK, LLC 

Thi>; fo113rnat"ional sear~h rep,.,rt ha, h<'.;;n p1,;p;mx1 hy thi, lntcmatiunal Searching A.uthm:i,y a.ml i·, iran,-miited ,o th;;, appli.::an! ;1ccm:ding 
to /1,nide J K A C<)PY is hcing irnmmit!cd lo !ht\ fo!t\rnatfonal Burc,iu. 

l . Ra~is of th.- nport 
a, \\:\th rcgafd to the l1rng1rnge, th"' inwm,itional seard1 wa, ,can:inl nut m, the, ba,i., of : 

lZJ the m!.enwtit,nal applwati.011 i11 \he !m1gu,1g-c in '<Vhich it·was fikd 

D a trnns!atinn ofth~ intcm;itioti,tl ,ipplk.tllim into ....,---c--:c--:---c-c--:-,---.--,--,--, which i, !he bngn3.ge ,1f3. 
tmn.sl3.tioti famished for the pmpo,;es <)f inwm:Himl3.l 8curch (Units l 2 3{a) :md 2~_ l(h)) 

b. D This inten1ational s,,arnh rcpm.t hm, Dl:'l:'U c";Whli,hcd taking into m:count the l't,dHkatfo11 ufan o!n·iou~ mi~l.llk" 
1mthoriz.cd hy or notified to thi~ Authority umk~· R.nlc 91 (Rull:' 43.6bis(a)J. 

c D '\Vith regard to :my 1rnd<"<Jtidt, and/or amino add se<1u~ncc di~do,t,<.I m the m1t,rnati,:,m1l applirntion, '"'"' Box No L 

2. lZJ Ce1·t,1i.n cfaim~ wi.>t·i.> fi.1tmil um,cmTliabk (Sec Ifox No. II) 

4. '\.\lith regard to i.hc titfo, 

~ rhe tcx1 i,; apprnved ~s submitted hy the, applicauL 

D the text hm, h!:'l:'U "''~whfohc.d by thi·; ),.utho.rity to r<,ml a, folk,w; .. 

5. With r;;,gurd ,o th;: nbstrad, 

~ th,:, ,ext is apw<wcd 3.s ~ubimtk'<.l by !he s.pphe,int 

D ,he text has heencsts.b!ish~d. ,icc,mling !<) Ruk 3)S.2, by this Au!hority ;i.~ il :lpptars in Hox No. {V The appli<::m1t 

may, Wlthin ou;;, momh frorn !he da1;;, Qf mmling <)f!hi~ inknmti<)nal ~o::ari.,h .rqinn, ;;ubmi, cl,rnments to ,his Au.t.hority, 

6. \Viih r~g3.nJ to tli~ drawings, 

ii. the llgurc of the il,::iwing~ fo hi3 puh!is!J13J with the ah~tract is Figure No. 2 

C8:I it$ si1gg~,;t,:d by 1h~, app!ic-~nL 

D ;is 5ekued hy this Authoriiy, b,;:,~am;,:, the ;ipp!knnt foiled to ~1iggcst a figtlfe, 

Das sekekd hy this Authonry, hcc,iuse thi,; !igure hW;;,r charu,,(cdz1;;. the ilwemion. 

h. D non~ l,fthe figUR\~ is ,~i he published with th,, 3hstrn.;.:,, 

Form PCT/!SAJ210 (:first sheet) ( Jai:mmy 2015) 
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Box No. U Obsenlltiom, when' ce1·tain cfaimi. \~i'~ found n11sN1rchllblc (Coritimmtion of item 2 of first sh1:1:t} 

l. 

2. 

D Cli!ims No;, .. 
bccmis,' they rdm.e to subjec1 matler nm. re,1uirnd to he. ,;e.wch,xl by 1his Authority. mimdy: 

!ZI Chnm~ N;)s.: 15 
b"i:au;;,;: they ,date to part$ oftli;;, int,;:matiomil 3ppli,,.ihot1 i.hat ,fo not comply with th,;: pr,;:s,'.ribd r,;:quin:ments t() sudi ,m 
ext,;:m lhat 110 rn,;:m1ingfol itnermai,)na! ;;,oardi ,,an b~ c-arri;cd out, ~p(;'..:i!'ical!y, 
Cl;;im: ! 5 is no!, h.•;,r, ,;,)1l!rn;y t,., !lw R"'-Wil;;:,n,eTtl of PCT i\.rtid,' 6, b<.:s::m1s,: i; rdhs to ;; daiw which does n(,t <:timply \.Vith 
PCT Ruk 6.4(.i.). 

, !ZI Cbi;m Nos.: 9--l4J9 
h,x,aus<.:, they arc dq,;,udent cfoi.ms and ,in:, nN drnftcd in a,cnrdirnce v,:ith l.he s,-com'l imd third ;,enl,mn,;,, of R,1k 6.4(a}. 

i. □ 1:_:-i _a"H rc.qu.in::-.d ;1ddtional st~arch ft;es \)/t;r("'. tirnd.r p~lid by the HppEc:~1uL. fhJ~".t it.ltcrnatin'fw1 -scHn.:h rt~pttrl Ct}\?er~ HH se:u"t.;ha1:d\:; 
t~tau-ns. 

2. D A, all sean:habk efaim, ,mild b<.:, ,;:mehed wi.tlwu, cffortjusufying an :tdditiomll foes. thi, Autl:wnty di.d mJt innk payment 
of any addrtional fo<.:·s, 

3. D As only som;, of tht\ n:qtiin:tl a.dd1ti.ona! s-tru:di fe.e.s WCR' hmdy paid. hy tb<.:, .applkmi!, thi:,; intcrnah.(lllal s;:;u-ch nc,p,)rt ,,ovtTI 

(lnly those daim:,; for \vhidi foe.s ·w,:,r,, paid, !ip1::di1ca!ly daim, Nus.: 

,j_ D t../o iwiu.ircd a,.klitional scards fo-ts were-- 1.imdy paid by !.ht) app!k,mt Come,in,'.n°tly, thig intcrmh.flnaJ s;:ard1 nc,p,wt is 
r,;:stricied t;l lh,;: inveirtion tirst m;;,ntioncd m the chims; rt i~ ,overed by daim;; Nos,, 

D The 3dditwnal s;carch foe~ w~,;e 3Cc,,mp,rnied hy th(;'. appli.:mn'~ prou:~t and, \Vh~,;e appli<:abk, the 
p;;,ymcf!l. nf ,1 prntest foe. D The mlditiomil sc,iri:h foes wen: lli.'i.'nmp:mied by ,he applic;mt\ p1utcs! bu! the apphcabh: prN;;;st 
fie>: w,1s ti~it paid ,Yithin the tim~'. hmit speclfied in foe invitati@. D No prN~,;;t acrnmpm1ied th;c p.iym~m of mlditioaal scar.:h foes, 

Fmrn PCT/ISA/210 (rnntimull.J<)fl ;)f fast sheet (2)) (January 2015) 
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A, CLASSIFlCATlOS or Sli&IECT )-lATlKR 

H04N B/04(2006.0l)i 

B. FlELDS SEARCHEJJ 

Minimum do~tm.1,~ntation s,~an:-he<l (d,i~sifi,::;.tion system followed by dm;sifa,afam i,ymbo!i,,\ 
Hfl4N l 3/04: <.liJ6K 9/HO: G06K 9/60: G06T 7i20; i\6 lB Ji l.4; H04N 7/J 4 

l)ocun1c-nJ;3tirrn ~l!'archt~d od.1:t~.r th.3.n l11ininu1.rn dncun-H.~"flJ;fi..l{rrl to th~ extt~nt that such do-ctu-ri'=:nt.; ;ire 1-nciudcd fr~. the. field~ -s.t~art:hcd 
KorcRn mni,y mmkls and applications for utility modd;; 
Japanese utility model~ arid :;ppfo::,u.i.ons fbr utility rnod,~ls 

Ele,,uxmic dat:, hw,t: ~rmsnlt.:,d during the inkrmitfrmnl s.enrc.h (name of datn b;1r;e rmd, wh.ere prnc!icabk, ,.:,arch krms us<c'<.l) 
,~KOMP.-'\.SS(KIPO inten,al) & Keyw,wds: ~a.z.,'. ramern, muHi,vicw, v0c1.or, n.~for,~ncc 

C. UOCUMENTS CONSll)ERED IO UE RELEVANT 

Category~ 

X US 20t~i--03:-~~)~)l.~~ A 1 (SA\fSCNG ELECTmt~ !CS CO. ~ L'tD~ ~~t al~) ~~O ?~c}·vt~mlx~r 20E~ 
St~i~ p~iragr~tpbs fOGG:2]. [OOf~G.l~fOOfR~]: e]~dms 1~rt: and figures 1~22. 

US 3942-4:Ji }31 f~J~NNETH ~L KAtAKOTSIOS i:t al . ) 27 J;rnunry ~:OU) 
Sr~E~ .:~ol:umn ·:L I l nE-'. :3~)-~-~:•~hmm ~). I inr• ;:~~t ciahmi 1~<)_; Bnd f £g~ffes 1-~-11. 

0~} 201 •!--026'?!)84 A] ( FRAt:NHOFE{~'~--GESELLS(JLAFr ZUR FOERDEHUNG DER ANnE1\'A.NDTEN 
FO[~SCHt.tSG E~ V.) 18 :.x~ptE':mber 20l~i 
Se;; p:iragr:iph;, [0026]-·[0GS1]: daims 1··1J.: and flgurns )··7. 

US 20LH121'.J1,30 ,H {~!El§V\ SlJV\T.1 30 A,.,gi.i:,t 2(H2 
.5{~f: p::~r agr ::ipb s l 00~}6 'l ~ f O l 07 J : c} ~i im~, 1 ~ l 2: ;:tnd f i gun:~~ lA~i)B ~ 

A JP -200Y·· t0f!2~):) ~\ (F.Y~Jt•trlC L?·,JTERF.:\CES lNC.) ~?.f~ Apr~ l 2007 
0t~P p::tra~rapt~s [00:12"l~f_00~)1J: claim 1: i~rld flgur~'!~. 1~G, 

D l\mher docum.ents m_-.:, listed in the continuaiion ,,f.ifo:< C. 

t• /ti: do,;,,t.l.'ffP~nt tkfining. th~ ~J.=:n~ri:!.l ~t~te uf :...he i:!.rt v1•hi\.:h ~:s. .u.Ol c,;-_ts-J~id.'.;rt:"-d. 
k"t b{'· ~~f p~rtk:ubr tekvance 

~ir:~1 ~.~=trlil.:".r :~ppl;cafo.x-t nr p,.'lit~tU. hut p-u.bti.:.,ht!d nn ,)r afrcr th~ ink~rnaikHKi1 

fi1ing rfat~ 
'1.L •: d<.i,:w.W!'m:rtt \\·hich nJ.ay ~hS'<-1'\Y d(.tUbt;;; ~.1n pnrn-ity ..:frm1·1(~!) ,:.11· v,,hj~h r~ 

:;it.'.;<l to ,;,,--.stsbii.~h t-h~ puhii:;stkin dr~t,~ t)f annth.'.;r ci.t:..n.ion (U nth..'.;J 
sp{':i;::ial :.);~.:t~on t'«s ~p~.tficd.} 

{'fJ~1 &;1,t1n11~~n.i r~~fo11'bt1.g to ;m ~w:~1 di::..;.~kwrn.'i:•, n~i:-.. i~-:-::.hH:ritfrm -c.)r c,.rh~r 
jJ$*~<n.:::: 

1'JY' d,~tu.n-:;:nt pu.'hf$;-;h~<l p:ri,)r ti·~ tht! intl;!xn,11.i,)n~-U .fi]n1g dai~ but fa~..:;r 
lhari th~ pri~~iiy ,kn~· ~lairacd 

Dat~ ,.Jf !he actual t 0ompk·tion of the int~m,itional search 

l7 April 2017 0 7,0420! 7} 

N11me and mailing: address n:f ,he IS.AiKR 
foti:rrn:uir..lnaf .. :\ppb.-:a1k,,,u f.)i ,•i~kH.i 
K{)ft"!~U1: htk·ll~ctt:~tl Pn)rK~rty Offi:c~~ 
3 ~9 Cbt~u1gsarro~ Sc._xJ~~n .. llac._:j~xu:i.., 352l}8. RS":pt?Mk: or K(1t~{1-

Funn PCTilS/1./210 (s;:-,:;oud sheet) (January 20 l 5) 

'T' fa;er ,fo.~ument p'1bfa!,od after th~ in!ematio«,tl .lilmg daie w prn,rily 
dai.::~ il:n:d aot in confli:::i. \,·ii.h. i.he .:tPJ"h~;;1tion bt1:t cikd 1.(t und~fst::1rH.l 
the principk ur theBf)' u.n<ledying th(;~ inv~n:ti~)n 

'
1X'"' dt}i.::::ln.nt~m uf pas.-ticuk-tt r.::!kv.arH:e: iht~ ,.:faif:r.H.:.d h:vl~n1.i,tln '-'.;inm)'~ h-::! 

c.i.:n:v~i,:,k·:r,::.d n-c.-:-'\.·d tu- .i;,jnn;:.>r h~ ~tnt~idt:!r~d tn in."\·{-:-h·e:- ;jJJ $Hvc.nti·..;.-·.~ 
s.1.-:.1:1 ~~·-fH:::n ih:¢ \.kx:u'fnt.'.!nt 1:~ l,jki::.1:1 alnn.-:: 

"Y" ,focumem of pm~ieular rdev3Ji,co; the cl;;im~d mwu!iun c;;cm,,; ho 
..:::i)n~i<l~·t'·d. i1J ~rivi:,]v~ ::1.n i.nv(;~"Hiv..:' step 1.•.;h~n tb:c <l<.K u.111!!:J:1:t is 
i:'1>mbim"!-d l'Viih <'Hk~ ot nH.)rc oiht~.r. t:.Bi:'h d-c.x~am;;:.'.fl~5':.~!Jth c~.)tnhinHtlrnt 
lh":fr.sg l">fJt··i !ms ~u a pcr~nn ~kSH~d in th~. mt 

11&n dn~?J.t.u~nt snt·.·rrih~r c .. ,f the ~~une f.[:~ti:!nt f.:1:fftHy 

18 April 2017 (18.04.2017) 
Aw!mrized olfo:cr 
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PCT/US2017/0l2203 

PATENT COOPERATION TREATY 
From th,:, 
INTERNATIONAL SEARCHING AUHlORJTY 

To: 
LOWRY, .PENNY L PCT 
57()0 FLATIRON PARKW/, Y BOULDER CO lW3{H USA 

WRlH'EN O PlNJON or Tim 
lNTERNATIONAL SKARCIHNG AU'IlIOIUTY 

Avplic3Jlt'S ot ,igent's me rderem::,:, 

388002 
FOR .FURTHER ACTION 

See pa.rngrnph 2 hefow 

lntcmatiun;,l applicai.1c,n No. IImnnmiona! l'i!ing d,w,, (dayhnomh)'em} 

PCT/US2017/0 J 2203 04 JunmlQ' 20l7 (04.0U(ll 7) 

Hfi4N 13lt#(WfJ6. fJ 1)i 

Apph,,;mt 

REALI) SPARK, LLC 

·1. Thi, opinion tont,iim indk:1!.ion, reh,ting to tht, folkm-ing item~· 

Basis of the oprnion 

Priority 

~ H<x<N<J.! 

D BnxT',fo H 

r8:} BoxNo.Hl 

D Box Ni,. f\/ 

Nnn-6Whhshm~'llt of opinion with rega,J 1.,) nm,dty, inv,:,mivc step an<l rnd;mria! i!Jlpfa:ahil.ity 

~ Box No. \I Rrnwm,,d ~i-,tcrm:-11\ umlllr Itu!;;, 43bi,. l(a)(i) with r<\garJ lo m>vdty. inv;;,mivc stcµ and inJ.u~trial »j.1p1kability: 
,itation, and exp lunation~ ~upponing ~ud1 ~laK'mcnt 

□ Box i'fo. Vl 

~ Hox N~i. VII 

□ Bm, No. VI!I c~rtam ob%1>'atiom on the i11tcnmtional ar,plic:1tim1 

FURTHER ACTlON 
If 3 demm1d for i11te1Tiali,1m1l p1-elirni11ary exmnination i, m;ide, thi;; opininn will he Cfm;;idered io he a written opinior, o:fthe 
intern.3tiomil :Preliminary E:iwrnining )ultlmrity {"lPEA ") except ihai this ,foes uM ;1pply vrhcit: 1J1e appli.c;mt choos;e;; ar, Authority 
oth~,r than this on.:i i.<.> b~ the WEA 3Jld the d:tosen !PEA has nillificd the lntem;itimml Hurn,m undi:.'!' Rule 66.1 bi,(b) 1hat written 
upiniun;; of th.is Intenrntional Sear.::hing Authority will ·not h,i. ;;r, ~,:msidered. 

if this opinion i,, a, provided above .. eonsid,;:red to he a ,witlcn opinion of the !PE.A, the applicmlt is i-tivikd io submit to the 
IPEA. a wriittn n·ply fogNher, where appropriate. with ,1mendmem~ .. he fore the expir;il.fo·n of 3 nu1·11!.hs from the dat;;: of m;1i!it1g 
,,fF,mTI PCT/{SA/220 or hefore th" expirntiun of22 months from the priority date, which,,ver expires lat,,r. 
For fwth,:.r ,,p,ions, $,,,,, F()ml PCT/{Sl\/220. 

Name aml m~i!ing adi.lre$~ of !ht\ ISA./KR 
lntt~rnMk.1~1.&] .,•\pp]tf;~1tlt.)n Ihvf~ii1n 
K,xc,,n lntcllcetiial h1,pcny oafo:, 

/ 189 Ch;,;.•1.:ng~:t-,ro, s~~o-·gn. Da;.;.:!tou~ 
.... ..- J52fnt Republic -ofKi.)r~a 

fw:.:sirr1llc No. -:•81-42--481--8578 

hmn PCT/lSAi237 {c(>\'~r sheet) (January 2015) 

.i\JIN, Jeimg Hwm, 
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\YRITTEN OPlNlON ().f' THE 
INTERNATIONAL Sfc:ARCHING AUTHORITY 

t8:j il.1t~ intt,mational appli,,Mion in the kmgua~«: in whidi it WM fild 

PCT/US20l 7/012203 

D a translation of!he in1ermrtional application inio _______________ whieh is the language ofa 

translation furnished for i11e pm'p◊5e5 of intenullionil l search {Rules "! 2. ~(a) and 23. I (h)) 

2. D Thi.s <lpinion h,1& h::,;::n ('.;;,,1hhshcd «,hng into accmmt !lK redifi.cation of rm oln·ions mhtak,, ,rn!horizcd by or notilkd 
!H thi~ Authonty und~r Ruk 91 {Rule 43bis.l(,i)) 

3. D \\/ith reg~rd t.o auy nuc}-c.:x'lfidt ~u1d/01t atnino ~cid ljt'tfucuce di~;.·•Jo~t::d in. th1.:. in.rernarinr1:-i1 3f)pf"ication~ th1~ npinifin h.a,; 
hi:'-('11 e~tHbllshcfl ou th~ hn~i~ of a Si.:~qut1·K·-c. tt-:a.lng: 

::i. 0 forming p,,it <)fllic ml<.:'.nl<llion:J.l apphc:J.tk>n ::is fikd. 

0 in tlw i'nrm of ,·m ArmQ, CiST.25 kX! file. 
0 ,)n paper or in ihe form of mi im~ge file. 

h. D fom.i.,h~,d togeth,~r with the in1.e1n:1timml i!f!pliu,tfon unikr PCT RBk ! 3ter . .l{a) frw the pm:ri.o;-,cs r,finternational 
~c:Hn..~h ouly -in the fiJ.rru of ~ju Annc.x C./ST.25 t~~xt file .. 

~'.. 0 fumis.h~d ~uh,cquent !o the in!crn,nional filing dak for the pw:po½e;; {>f unema!ional ;;cardi only; 

0 in the form ofm1Axmex C/ST.23 icxt lit;;, (Ruk Uter. lfa}). 

0 t)tl paper or in the form of an image :fik (Ruk l 31;:1-. h.b) und .i\dnnni;;t,ativ;: Insttm.:timVi, Sectimi 7l l:i. 

4. 0 In addi!ion, in th~ l:ase tha, more than <lllC -vcr;;fon M C<)py ilf a ;;cq,!i!-rKe bting h:i.s been filed or 1\.lrni~hed, th" required 
sta!~mcnts thui tl1c inforrnaii,)n in the subscqu;;n! <)r additi,)n:J.! coples lS ldcn.ical to ihat forming pan ,)f the app!i,;:itwn a, 
filed or d<)CS nN go h,;y,md the app!ica!wt1 ~.;; likd. as apprnpriak, wer~ Ji.i.mished. 

Form PCTi!SA/237 (Box Nn. f.l{ Jarnmty 2015) 
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\\TRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY l)CT/US2017/012203 

fhc. qw.:~~?.ior1-s \Vhi;:Jht~r the clHiu.1;.:~d iu"'.-\:~ntion appc.ri-r·.;: to b~ rn..rvct to 1-rn:oh-·c :in. rnvi:.:':n.ri'vc stx:p (ro ht~ 11011 ~1bdous.\ or io ht~ 
indu,rriaUy ar,p.l.ieabl~- lmve not been exmnin~d in n";ped. ,1f 

D the entire inkrnatimial applicati,m 

~ dairn~ N;),._9_--_1_5_.1_9 _______________________________________ _ 

be,,suse: 

D th,, ,ui.d intt,maliom1l ;ippli,'1tion. 01 th;:. ~aid daim» No,. ------------------------------------------------------­
n:•.}alt: to ?lte folh.)\\·ing $Ul~j\:'.\.:'.? ;n~t?.er ,, .. hidt dn~~ not r,;:.quirc:. m'l intc::rnat!on;:tl s.ea.rr.:h (:~Jec{6)· 

□ 

th\? de.Si.'.r~ptio.n. dnhns nr dncv.lin.g'S. (indio:n'e pat'liculot· t-:/;.'.Hie.nt.,r.i befo-w) o:r $aid r.Jairns No;~. l 5 -------------!ire so unckar thai .nn m.csningful opinion crnlld. he fonncd (spec[.fj,): 

Claim l3 is not dear, ,,ontr3ry to the requirement of PCT i\.rhc!e 6, bec3u~e it rdh,; H, a c!aim ,shid1 do,:,s not comply wi;h 
PCT lhik 6.4(a). 

th;;i claim,, c,r ss.id claims N,,s. __________________________ arc so inudcquau::]y st~ppt:ni:cd 
by th;;i description that m, meaningful opinion c,mld h,i. fr.rmcd !speci.,0-'.I: 

~ 110 mtc-mational seal'l:h repm't !ms he~'tl e~1.;1;blished for ,mid ehlms Nos. _9_·_1_5_,-_t~_-} __________________ _ 

D ~ u1x~.a.ningfuj o_plnion cfmld not he forn1ed '~\·?th.out th.:.~ se'-lllt~ncc ·1J~tit.lg~ llH.~ appJica.nt did nor~ t-\'l~h.in !ht'! _i):re.s.cdh~~d ii.:t.ne ·i1tnlt: 

□ 

□ 

□ 

forni5h a ,t:qnenee li,ting. in ihe form of ;;n A-rmex C/ST.25 lt:xt file .. ;md such listing was Mt ;n-·aifahle t,1 ihe 
fotcmatimi;;l Senre.hing .Authol'il.y in the form :.ind mmmer ;i~~ie:pizb!t: tn ii: or th.e .sequcrn:t: H;;ting fomish<c'<.i d·id nN 

comply with the ,;tandard prm,idc,l lhr in . .-\nncx C of the Adminisi.mtive llls,rn.::ti<.>ns 

funnsh a seqtwn~e lislmg on pap~,r or m ,he foim ilf an image lilc cml'.ll)lying with !he ~,;mdar<l pmviikJ j'i)r m ,-\nnex 
C of the AJmi11istrn1ive !11s,n1ctim1s, ,u1d ;;udi listing \V3S n.,>t av;;ilabk w th.: !.nt.:matimJ3l S<·-arching Auth<Kity in lhe 
lhrm m1J mann~,.- acceptahk to it.: or th.: $:;:qu;cm.;c hsbng fomished did no, c<.>rnply with 1}ie srnndard pn.widt--d for in 
Ann,c:,- C ,)fthe Administrntive fostrncti,ms. 

pay tht, 1.-..:qui.1<:d h,tt~ fomishiiig !toe for tfo:. fumishi·ng of ii ;,,Xf!M1c,, listing in rc,p-on;;s, to mi invii.aiimi umk<r Ruk 
13t<"· "!(,1) or (b). 

Form I'C'TilSAJ237 (Box No. ff!J (Jarma:ry 2015) 
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\VRlTTEN OPINION OF THE 
INT!!:RNATlONAL SEARClllNG AUTHORITY PCT/US2017 /012203 

Hox No. V Rt'ason<.'d st,1km<.'11t 11ndt't' Ruk 43hi~.l(11)(i) with regard tn utwcUy, i11vcntin: i.tep {>I' industrial applkabilit_~·; 
dtatfons and cxJdarrn.tfons sUJl_pmting ~uch ~fatcment 

"l. Statcmem 

Novdty(N) 

Claim, 

fodustrial applicability (IA} Claims 

Claims 

l--8,16-1& ):TS --------------------- . ,,. 
NONE NO 

_N_1(_J~_1_E _____________________ YES 

_l_-i'l_\_li_·.; __ l_8 ____________________ NO 

l-ll,l6-l8 

NONE 

YES 

NO 

Reference is m.ad.e to the following docw:nents: 

Dl: US 2015~0339512 Al (SAMSUNG ELECTRONICS CO., LTD. et al.) 26 November 2015 

02: lJS 8942434 Bl (KENNETH fv1. KARAKOTSIOS et al.) 27 Jm:rnnry 2015 

L Novelty and Inventive Step 

LL .h1dependent Claim l 

DI, ,-vhich is considered to be the closest pnor art to the subject matter of claim I, discloses a 

method of correcting a gaze of a user in an image, the m.ethod con1prisi.ng: 

providing a controller ( 160) that detects a face gaze direction (or an angle of a face) and/or a 

gradient of a face, and deten:ni:nes \Vhei11er the detected facial :image gazes at a front side, a 

left side, a right side, an upper side, a lower side, or a diagonal side (a top~kft side, a 

top-right side, a bottom~left side, or a bottom-right side) (see paragraph [00971 and figure 1 in 

Dl); and 

detecting first eye outer points by extracting eye :model shape parameters of the first eye outer 

points associated ,vlth eig(:B vectors of t11e eye modd, and limiting a range of each Qf th<: 

extracted eye model shape parnmeters (see claim 3 in DI} 

Claim l differs from Dl in deriving a displacement vector field representing a transfi..,nnation 

of an image patch, using a derived feature vtx:wr to look up reference data compnsmg 

reference displacement vector fields associated \Vith possible ,·ah.tes of the fouture vector, und 

aqjusting each image of multi-view images by transfom1ing image patches containing the left 

and right eyes of a head in accordance with the derived displacement vector field. 

O::,ntinu~d on Supplemeni.i,l Rm, 

form PCTi!SA/2.37 (Box ~fo. V) (January 2015_) 
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\VRHTEN OPINfON OF THE 
INTERNATIONAL SEARCHING ALJTJJORITY PCT/US2017/012203 

The kiHowing ,.kfoets iu the form t,r ,'<Jntcnb of tht, in:t,;;mt<tirnml appli@tim1 have h:cn imt,;;J.: 

Cbirns 9-14 :1nd .i. 9 de rmt ,~cmply with PCT Ruk 6.4(a) bccm;.w multi pk ckp,;m.lknt -daims should nnt scn1e as a basis for any 
!lther multi.pie ,kp,@dcm daim. 

Form PCT/ISA'237 (Box ~fo. Vll) (,lami;iry '.WI 5) 
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\\TRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 

In cs,% th~ ~p;ice :in ;iny of th~ preceding b<Jxes :is not suffkie11t. 
C,)ntinuatit,n <lf: Box No. V 

PCT/lJS20l7/0l2203 

Hmvevcr, the difference can be easily conceived from the features of Dl considering providing 

a controller ( 160) th.at transfonns {or niodHies) the first eye outline i:n a camera gaze direction 

corresponding to a gaze at the camera {150), \vherein the controller (l 60) changes eye outer 

points of an eye region in a user image in a predetem1ined reforence camera gaze direction, 

and \vherein the controller (160) iransfmms eye outer points defining an eye outline, based 011 

a diffi:'.rence be1,veen a face gaze direction of a user m a current image (Le., an angk'. or a 

grudiem of a face) and the predetermined reference camera ga.ze direcelion (Le., an angle or a 

gradient of a fa.cc) (sec paragraph l"0096j and figure 1 n1 D l), and shifting each first eye outer 

point to a location obtained by adding a coordmate of each first eye outer point to an average 

displacement betw·cen an eye ganng at a lm.ver side and an eye ganng al a front side (see 

claim 5 rn Dl). Accordingly, daim l vvould haV{'. been obvious over DI. Therefore, dail:n l 

lacks an inventive step under PCT Article 33(3}. 

l.2. Dependent Claims 2-7 

The additional feature of claim 2 can be easily conceived from the features of DI considering 

that a controller (l 60) changes eye outer points of an eye region in a user image m a 

predetem1ined reference camera gaze direction, ,.vherein the contrn.llcr (l 60) transforms eye outer 

points defining an eye outline, based on a difference between a face gaze direction of a user 

m a currel1! image (i.e., an angle or a gradic'.n1 of a face/ and the predetermined reference 

camera gaze direction (see paragraph roo96 j and figure I in D l ). 

The additional features of claims 3-4 are merely variations of the disclosures of D l considering 

providing a controller ( 160} that transforms (or modifies} thi:'. first eye outline in a camera gaze 

direction corresponding to a gaze at the camera (l sor wherein the comroller (l 60) changes eye 

outer points or an eye region i:n a user image in a predetermined :reference camera gaze 

direction, and wherein the controller ( l 60) transforms eye outer points defining an eye outline, 

based on a difference bct,veen a face gaze direction of a user in a current image (i.e,, m1 

reference camera gaze direction (Le,, a:n 

and figure f in D l ), detecting the first 

eye outer points by extracting eye model shape parameters of the first eye outer points 

associated ,vith e1gen vectors of the eye model, and .limiting a range of each of the extracted 

eye model shape parn1:uetcrs (see claim 3 m D l ), a:nd shifting ead1 first eye outer point to a 

location obtained by adding a coordinate of each first eye outer point w an average 

angk or a gradient of a face) and the predetermined 

angle or a gradient of a face) (see paragraph 1·00961 

Continued on The Next P .. ge 

Fom1 PCUSA/237 (Suppkmcntal Box) (January 2015) 
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\\TRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 

In cs,% th~ ~p;ice :in ;iny of th~ preceding b<Jxes :is not suffkie11t. 
C,)ntinuatit,n <lf: Previous Pa~c 

PCT/lJS20l7/0l2203 

displace1nent between mi eye gazing at a lm:ver side and an eye gazing at a front side (see 

claim 5 in D l). 

The additional feature of claim 5 is merely a variation of the disclosure of D.I considering that 

eye~Jem1ing is perfon:ned using a plurality of eye image pairs to transform the eye outline, and 

the C'.YC'. 01.1tline rs transformed based cm the eye-learning {sec paragraph [0098] m D l}, and that 

the second eye outer points correspond to a direction corresponding lO a gaze !ltdng: straight 

onto a camera of a device (sec daim 4 m D1). 

The additional feature of claim 6 1s merely a variation of the disclosure of Dl considering 

_performing eye-leaning using a plurality of eye rmage pairs to trnnsforrn the eye outline, and 

the eye outline 1s transformed based on the eye-learning: (see parngrnph f0098l m D l ), and 

detecting first eye outer points by extrncti:ng eye model shape parameters of the first eye outer 

points associated with cigen vectors of the eye model, and limiting a range of each of the 

extracted eye model shape parameters (sec claim J in Dl). 

The additional feature of claim 7 can be easily concdved from the foatures of Dl considering 

providing a controller (160) that transforms (or modifies) the first eye outline m a camera 

gaze direction con:esponding to a gaze at the camera ( l 50), wherein ihe contro.ikr {160) 

changes eye outer points of an eye region rn a user image m a predetermined reference camera 

gaze direction, and \,iherein the controller (160) transforms eye outer points defining an eye 

outline, based 011 a diffcre11ce bet\-veen a face gaze direction of a user in a current image (i.e., 

an angle or a gradient of a face) and the predetermined reference camern. gaze direction (Le., 

an angle or a g:radicnt of a face) (see paragrap.h [0096] and figu:r(: l i:n DJ), and shifting each 

first eye outer point to a location obtained by adding a coordinate of each first eye miter point 

to an average displaceme11t bets.vecn an eye gazing at a !m.ver side and an eye gazing at a 

from side (see claim 5 in Dl), 

Accordingly, claims 2-7 would have been obvious OV{'.r D l. Therefore, claims 2-7 lack a:n 

inventive step under PCT Article 33(3J, 

l .3. Dependent Claim 8 

The additional feature of claim 8 nm be easily conceived from the features of D2 considering 

Continued on The Next P .. ge 

Fom1 PCT!ISA/237 (Suppkmcntal Box) (January 2015) 
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\\TRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 

In cs,% th~ ~p;ice :in ;iny of th~ preceding b<Jxes :is not suffkie11t. 
C,)ntinuatit,n <lf: Previous Pa~c 

PCT/lJS20l7/0l2203 

that the compute:r-impk:mentcd method compnses determining a first estimated pupil 1ocation 

usmg a first pupil location determi.nation algorithm, the first pupil determination algorithm 

returning a first confidence value corresponding to the first estimated pupil location (see claim 

4 in D2.J, and that the first estimated pupil locatjo11 and the second estimated pupil location 

correspm1ds to at least 0J1e of a pixel location, a vector, or m1 estimated set of coordinates (see 

claim 5 rn D2). Accordingly, clairn 8 would have been obvious over Dl m Vte\V of D2. 

Therefore, claim 8 lacks .m inventive step under PCT Article 33(3). 

l .4. Independent Claim 16 

Claim 16 relates 10 a devk:e, but it sh.ares the same technical features as claim ! . Accordingly, 

since the same reasoning as m claim I applies to claim l 6, daim 16 ·would have been obvious 

over Dl. Therefore, claim 16 lacks an inventive step under PCT A.rticlc 33(3}. 

l.5. Dt-:pendent Cl.aim.s l 7-18 

The additional feature or claim 17 can be easily conceived fron1 the feature of Dl considering 

a camera for capturing an original image (see claim 11 1.n Dl). 

The additional feature of cl.ain:1 l 8 can be easily conceived from the foature of Dl considering 

that a controller (160) performs a video call \.Vith a parwer mobile terminal l1smg the 

communication unit (140), the user interface (l lO), and the camera (150), and perfi.,nns a gaze 

correction proc.essing \Vith respect to an original user irnnge input from the camera ( 150), and 

transmits, to the partner rnobile terminal through ihe commuriication unit (140), a ga.1.e-corrected 

user image and a voice signal of the user received through the microphone (114) (see 

paragraph [0062] and figure l in Dl ), 

Accordingly, claims 17-!8 ,vould have been obvious over DI. Therefore, claims 17-18 lack m1 

irrventive stc'.p under PCT Article 33( 3). 

2, Industrial Applicability 

Clairns l-8 and 16-18 are industrially applicable 1.mder PCT Article 33(4). 

Fom1 PCT!ISA/237 (Suppkmcntal Box) (January 2015) 
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LISTING OF CLAIMS 

U.S. APPL. No. 16/057,566 
ATTORNEY DOCKET NO. 40900 l 

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

application. 

1. (Currently amended) A method of generating reference data for adjusting a digital 

representation of a head region, the method comprising: 

receiving training data comprising: 

a set of input patches, each input patch comprising a target feature of a digital 

representation of a head region prior to adjustment of the digital representation of the 

head region, wherein the target feature is the same for each input patch; and 

a set of output patches in one-to-one correspondence with the input patches, each 

output patch comprising the target feature of the digital representation of the head region 

after adjustment of the digital representation of the head region; 

using a first machine learning algorithm to generate first reference data using the training 

data, the first reference data comprising editing instructions for adjusting the digital 

representation of the head region for a range of possible digital representations of the head 

region; and 

using a second machine learning algorithm to generate second reference data using the 

same training data as the first machine learning algorithm and the first reference data generated 

by the first machine learning algorithm, the second reference data comprising editing instructions 

for adjusting the digital representation of the head region for a range of possible digital 

representations of the head region.,_ 

wherein the first reference data comprise first editing instructions for a range of possible 

configurations of the target feature and first selection instructions for selecting editing 

instructions for a particular input patch from the first editing instructions based on the 

configuration of the target feature of the input patch; and 

wherein the second reference data comprise second editing instructions for a range of 

possible configurations of the target feature and second selection instructions for selecting 

editing instructions for a particular input patch from the second image editing instructions based 

on the configuration of the target feature of the input patch. 
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2. (Canceled) 

U.S. APPL. No. 16/057,566 
ATTORNEY DOCKET NO. 40900 l 

3. (Currently amended) The method of claim I claim 2, wherein the configuration of the 

target feature of each input patch is represented by a feature vector derived from plural local 

descriptors of the input patch, and the first and second selection instructions define how the 

feature vector is used to select editing instructions for the input patch. 

4. (Currently amended) The method of claim I claim 2, wherein the editing instructions 

comprise a displacement vector field defining how the input patch is to be transformed. 

5. (Currently amended) The method of claim I claim 2, wherein the editing instructions 

comprise a filter field, a brightness adjustment field, or a texture blending field. 

6. (Currently amended) The method of claim I claim 2, wherein: 

a first editing algorithm is used by the first machine learning algorithm to define how the 

first editing instructions are to be applied to an input patch to derive an output patch; and 

a second editing algorithm is used by the second machine learning algorithm to define 

how the second editing instructions are to be applied to an input patch to derive an output patch. 

7. (Original) The method of claim 6, wherein: 

the second editing instructions are principle component analysis components of a 

principle component analysis of the first editing instructions; and 

the second image editing algorithm is configured to transform the second editing 

instructions into the first editing instructions by inverse principle component analysis transform. 

8. (Original) The method of claim 6, wherein: 

the second editing instructions are wavelet components of the first editing instructions; 

and 

the second editing algorithm is configured to transform the second editing instructions 

into the first editing instructions by inverse wavelet transform. 
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U.S. APPL. No. 16/057,566 
ATTORNEY DOCKET NO. 40900 l 

9. (Currently amended) The method of claim 1 elaim: 2, wherein the first selection 

instructions for the first reference data are able to select between a larger number of alternative 

editing instructions than the second selection instructions for the second reference data. 

10. (Previously presented) The method of claim 1, wherein the first machine learning 

algorithm is of a different machine learning algorithm type than the second machine learning 

algorithm. 

11. (Previously presented) The method of claim 1, wherein the first machine learning 

algorithm comprises one or more of the following: a neural network; a support vector machine; 

and a generative adversarial network (GAN). 

12. (Previously presented) The method of claim 1, wherein the second machine 

learning algorithm comprises one or more of the following: a regression forest; regression fems, 

cluster centres, a lookup table, and separable filter banks. 

13. (Canceled) 

14. (Previously presented) The method of claim 1, wherein the target feature 

comprises one or more of the following: an eye region comprising at least part of an eye, a nose 

region comprising at least part of a nose, a mouth region comprising at least part of a mouth, a 

chin region comprising at least part of a chin, a neck region comprising at least part of a neck, 

and a hair region comprising hair. 

15-17. (Canceled) 

18. (Previously presented) A method of adjusting a digital representation of a head 

region, the method comprising 

receiving a digital representation of a head region; and 
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U.S. APPL. No. 16/057,566 
ATTORNEY DOCKET NO. 40900 l 

using reference data comprising editing instructions to adjust the digital representation of 

the head region, wherein the reference data comprises the second reference data generated by the 

method of claim 1. 

19-26. (Canceled) 

27. (Currently amended) A method of training a machine learning algorithm to adjust a 

digital representation of a head region, the method comprising: 

receiving training data comprising a set of input digital representations of a head region; 

training a first machine learning algorithm using the training data to perform an 

adjustment of a digital representation of a head region; 

using the trained first machine learning algorithm to generate first reference data, the first 

reference data comprising an adjusted digital representation of the head region for each of at 

least a subset of the input digital representations, each adjusted digital representation being 

obtained by performed the adjustment that the first machine learning algorithm was trained to 

perform; and 

training a second machine learning algorithm using at least a subset of the training data 

used to train the first machine learning algorithm and the first reference data to perform the same 

adjustment of a digital representation of a head region as the first machine learning algorithm.,_ 

wherein the adjustment of the digital representation comprises converting from a two­

dimensional digital representation to a three-dimensional digital representation, and 

wherein the training of the first machine learning algorithm comprises iteratively using a 

rendering process to generate a two-dimensional digital representation from a three-dimensional 

digital representation generated by the first machine learning algorithm and comparing the 

generated digital representation with a corresponding digital representation in the training data. 

28-31. (Canceled) 

32. (Currently amended) A non-transitory computer readable storage medium storing a 

computer program aeeordiHg to elaim: 31 capable of execution by a processor and arranged on 

execution to cause the processor to perform a method according to claim 1. 
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33. (Currently amended) A device for generating reference data for adjusting a digital 

representation of a head region, the device comprising a data processing unit arranged to: 

receive training data comprising: 

a set of input patches, each input patch comprising information about a target 

feature of a digital representation of the head region prior to adjustment of the digital 

representation of the head region, wherein the target feature is the same for each input 

patch; and 

a set of output patches in one-to-one correspondence with the input patches, each 

output patch comprising the target portion of the digital representation of the head region 

after adjustment of the digital representation of the head region; 

use a first machine learning algorithm to generate first reference data using the training 

data; and 

use a second machine learning algorithm to generate second reference data using the 

same training data as the first machine learning algorithm and the first reference data output by 

the first machine learning algorithm.,_ 

wherein the first reference data comprises editing instructions for adjusting the digital 

representation of the head region for a range of possible digital representations of the head 

reg10n, 

wherein the second reference data comprises editing instructions for adjusting the digital 

representation of the head region for a range of possible digital representations of the head 

region, and 

wherein the second editing instructions in the second reference data are provided in a 

compressed representation. 

34-36. (Canceled) 

37. (New) A method of generating reference data for adjusting a digital representation of a 

head region, the method comprising: 

receiving training data comprising: 
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a set of input patches, each input patch comprising a target feature of a digital 

representation of a head region prior to adjustment of the digital representation of the 

head region, wherein the target feature is the same for each input patch; and 

a set of output patches in one-to-one correspondence with the input patches, each 

output patch comprising the target feature of the digital representation of the head region 

after adjustment of the digital representation of the head region; 

using a first machine learning algorithm to generate first reference data using the training 

data, the first reference data comprising editing instructions for adjusting the digital 

representation of the head region for a range of possible digital representations of the head 

region; and 

using a second machine learning algorithm to generate second reference data using the 

same training data as the first machine learning algorithm and the first reference data generated 

by the first machine learning algorithm, the second reference data comprising editing instructions 

for adjusting the digital representation of the head region for a range of possible digital 

representations of the head region, 

wherein the first machine learning algorithm comprises a first neural network and the 

second machine learning algorithm comprises a second neural network, and wherein the second 

neural network comprises fewer layers and/or smaller convolution fields than the first neural 

network. 

38. (New) A method of generating reference data for adjusting a digital representation of a 

head region, the method comprising: 

receiving training data comprising: 

a set of input patches, each input patch comprising a target feature of a digital 

representation of a head region prior to adjustment of the digital representation of the 

head region, wherein the target feature is the same for each input patch; and 

a set of output patches in one-to-one correspondence with the input patches, each 

output patch comprising the target feature of the digital representation of the head region 

after adjustment of the digital representation of the head region; 

using a first machine learning algorithm to generate first reference data using the training 

data, the first reference data comprising editing instructions for adjusting the digital 
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representation of the head region for a range of possible digital representations of the head 

region; and 

using a second machine learning algorithm to generate second reference data using the 

same training data as the first machine learning algorithm and the first reference data generated 

by the first machine learning algorithm, the second reference data comprising editing instructions 

for adjusting the digital representation of the head region for a range of possible digital 

representations of the head region, 

wherein the target feature comprises an eye region comprising at least part of an eye and 

the adjustment of the digital representation of the head region comprises adjusting a gaze 

direction, and/or 

wherein the target feature comprises a nose region comprising at least part of a nose and 

the adjustment of the digital representation of the head region comprises adjusting a shape and/or 

texture of the nose, and/or 

wherein the target feature comprises a chin region comprising at least part of a chin and 

the adjustment of the digital representation of the head region comprises adjusting a shape and/or 

texture of the chin, and/ or 

wherein the target feature comprises a neck region comprising at least part of a neck and 

the adjustment of the digital representation of the head region comprises adjusting a shape and/or 

texture of the neck, and/ or 

wherein the target feature comprises a hair region comprising hair and the adjustment of 

the digital representation of the head region comprises adjusting a color of the hair. 

39. (New) A method of generating reference data for adjusting a digital representation of a 

head region, the method comprising: 

receiving training data comprising: 

a set of input patches, each input patch comprising a target feature of a digital 

representation of a head region prior to adjustment of the digital representation of the 

head region, wherein the target feature is the same for each input patch; and 

a set of output patches in one-to-one correspondence with the input patches, each 

output patch comprising the target feature of the digital representation of the head region 

after adjustment of the digital representation of the head region; 
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using a first machine learning algorithm to generate first reference data using the training 

data, the first reference data comprising editing instructions for adjusting the digital 

representation of the head region for a range of possible digital representations of the head 

region; and 

using a second machine learning algorithm to generate second reference data using the 

same training data as the first machine learning algorithm and the first reference data generated 

by the first machine learning algorithm, the second reference data comprising editing instructions 

for adjusting the digital representation of the head region for a range of possible digital 

representations of the head region, 

wherein the second editing instructions in the second reference data are provided in a 

compressed representation, and 

wherein the compressed representation comprises one or more of the following: a 

principle component analysis representation; a wavelet representation; Fourier and/or discrete 

cosine transform components; cluster centers. 
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REMARKS 

U.S. APPL. No. 16/057,566 
ATTORNEY DOCKET NO. 40900 l 

Claims 1-36 were originally filed in this application. Claims 4-6, 9-16, 18-19, 22, 30-31, 

and 36 were previously amended to remove multiple dependencies and to correct minor 

typographical errors, and claims 19-24 and 35-36 were previously withdrawn. Claims 1, 3-6, 9, 

27, and 32-33 are currently amended. Claims 2, 13, 15-17, 19-26, 28-31, and 34-36 are currently 

canceled. New claims 37-39 are currently added. No new matter has been added. 

Allowable Subiect Matter 

Applicant thanks the Examiner for indicating allowable subject matter in Item 3 of the 

Office Action. This response is intended to accept such allowable subject matter. 

Claim 1 has been amended to include the limitations of allowable claim 2, and claim 2 

has been canceled. Claims 3-6 and 9 have been amended to depend from claim 1. 

Claim 27 has been amended to include the limitations of allowable claim 29 and 

intervening claim 28, and claims 28-29 have been canceled. 

Claim 33 has been amended to include the limitations of allowable claim 34, and claim 

34 has been canceled. 

Newly added claim 37 is equivalent to original claim 1 amended to include the 

limitations of allowable claim 13, and claim 13 has been canceled. 

Newly added claim 38 is equivalent to original claim 1 amended to include the 

limitations of allowable claim 15, and claim 15 has been canceled. 

Newly added claim 39 is equivalent to original claim 1 amended to include the 

limitations of allowable claim 17 and intervening claim 16, and claims 16-17 have been 

canceled. 

Reiections under 35 USC 112 

Item 5 of the Office Action rejects claim 26, asserting that claim 26 is indefinite. 

Without agreeing with this assertion and to accept allowable subject matter, Applicant has 

canceled claim 26. 
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Reiections under 35 USC 101 

U.S. APPL. No. 16/057,566 
ATTORNEY DOCKET NO. 40900 l 

Items 7-8 of the Office Action rejects claims 31 and 32, asserting that these claims are 

directed to non-statutory subject matter. Without agreeing with this assertion and to accept 

allowable subject matter, Applicant has amended claim 32 to recite a "non-transitory computer 

readable storage medium ... " and to include the limitations of claim 31, and has canceled claim 

31. Applicant therefore respectfully requests that this rejection be withdrawn. 

Reiections under 35 USC 103 

Item 10 of the Office Action rejects claims 1, 10-11, 14, 18, 25, 27-28, and 30-33, 

asserting that these claims are unpatentable over U.S. Patent Publ. No. 2016-0125227 ("Soare") 

in view of U.S. Patent Publ. No. 2010-0030578 ("Siddique"). Without agreeing with this 

assertion and to accept allowable subject matter, Applicant has amended claim 1 to include the 

limitations of allowable claim 2, has amended claim 27 to include the limitations of allowable 

claim 29 and intervening claim 28, has amended claim 33 to include the limitations of allowable 

claim 34, and has canceled claims 25, 28, and 30-31. In view of these amendments and because 

claims 10-11, 14, 18, and 32 each depend from amended allowable claim 1, Applicant 

respectfully requests that these rejections be withdrawn. 

Item 11 of the Office Action rejects claim 12, asserting that this claim is unpatentable 

over Soare and Siddique in view of U.S. Patent Publ. No. 2007-0244606 ("Zhang"). Without 

agreeing with this assertion and to accept allowable subject matter, because claim 12 depends 

from amended allowable claim 1, Applicant respectfully requests that this rejection be 

withdrawn. 

Item 12 of the Office Action rejects claim 16, asserting that this claim is unpatentable 

over Soare and Siddique in view of U.S. Patent Publ. No. 2002-0013691 ("Warnes"). Without 

agreeing with this assertion and to accept allowable subject matter, Applicant has canceled claim 

16. 
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Conclusion 

U.S. APPL. No. 16/057,566 
ATTORNEY DOCKET NO. 40900 l 

Applicant thanks the Examiner for time spent reviewing the present application. Should 

the Examiner have any questions or comments regarding this matter, the Examiner is invited to 

contact Applicant's attorney at the number below. If it is determined that additional fees are due, 

or if an overcharge has occurred, please charge or credit Deposit Account No. 50-6262, 

referencing Attorney Docket No. 409001. 

Date: February 21, 2020 

Respectfully submitted, 

/Penny L Lowry/ 
Penny L. Lowry 
Registration No. 57186 
RealD Inc. 
5700 Flatiron Parkway 
Boulder, CO 80301 
Tel: (303) 500-6030 
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Application/Control Number: 16/057,566 

Art Unit: 2618 

Notice of Pre-A/A or A/A Status 

Page 2 

1. The present application, filed on or after March 16, 2013, is being examined under the 

first inventor to file provisions of the AIA. 

DETAILED ACTION 

Election/Restrictions 

2. Claims 19-24, 35-36 withdrawn from further consideration pursuant to 37 CFR 1.142(b) 

as being drawn to a nonelected inventions, there being no allowable generic or linking claim. 

Election was made without traverse in the replyfiledon 10/15/19. 

Allowable Subject Matter 

3. Claims 2-9, 13, 15, 17, 29, 34 are objected to as being dependent upon a rejected base 

claim, but would be allowable ifrewritten in independent form including all of the Ii mitations of 

the base claim and anyinterveningclaims. 

Claim Rejections - 35 USC§ 112 

4. Thefollowingisaquotationof35 U.S.C.112(b): 

(b) CONCLUSION.-The specification shall conclude with one or more claims 

particularly pointing out and distinctly claiming the subject matter which the inventor or 

a jointinventorregards as the invention. 

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

The specification shall conclude with one or more claims particularly pointing out and distinctly claiming 

the subject matter which the applicant regards as his invention. 

5. The term" at or near" in claim 26 "wherein the updating of the second machine 

learning algorithm is performed at or near input data frame rate" is a relative term which 

renders the claim indefinite. The term "at or near" is not defined bythe claim, the 

specification does not provide a standard for ascertainingthe requisite degree, and one of 

ordinary skill in the art would not be reasonably apprised of the scope of the invention. 
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Application/Control Number: 16/057,566 

Art Unit: 2618 

Claim Rejections - 35 USC§ 101 

6. 35 U.S.C. 101 reads as fol lows: 

Page3 

Whoeverinventsor discovers any new and useful process, machine, 

manufacture, or composition of matter, or any new and useful improvement thereof, 

may obtain a patent therefor, subject to the conditions and requirements of this title. 

7. Claim 32 is rejected under35 U.S.C. 101 because the claimed invention is directed to 

non-statutory subject matter. The claim is directed to a computer readable medium. The 

claim remains silent regarding the transitory nature of the computer readable medium. Thus 

interpretation of medium allows for non-eligibly patentable subject matter such as the 

mentioned propagation medium, data structure. Such propagation media (carrier waves, 

signals ... ) do not fall into one of the eligible statutory classes of invention (process, machine, 

article of manufacture, or composition of matter) Therefore, the claim is rejected as being 

nonstatutory. Applicant is advised that a claim drawn to such a computer readable medium 

that covers both transitory and non-transitory embodiments may be corrected by amending to 

narrow the claim to cover only statutory embodiments to avoid a rejection under35 USC 101 

by adding the Ii mitation "non-transitory" to the claim. Other terms that exclude the signal 

embodiments may be acceptable upon review. 

8. Claim 31 is rejected under35 U.S.C. 101 because the claimed invention is directed to 

non-statutory subject matter. The claim is directed to a product that does not have a physical 

or tangible form, such as information (often referred to as "data per se") or a computer 

program per se (often referred to as "software per se"). 

Claim Rejections - 35 USC§ 103 

9. 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 
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Page4 

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 sh al I not be negated by the manner in which the 

invention was made. 

10. Claim(s) 1, 10-11, 14, 18, 25, 27-28, 30-33 is/are rejected under 35 U.S.C. 103 as being 

unpatentable over Soare U.S. Patent/PG Publication 20160125227 in view of Siddique U.S. 

Patent/PG Publication 20100030578. 

Regarding claim 1: 

A method of generating reference data for adjusting a digital representation of a 

head region, the method comprising: (Soare Abstract: An eyebrow shaping method 

includes providing an image of a face.). 

receiving training data comprising: 

a set of input patches, each input patch comprising a target feature of a digital 

representation of a head region prior to adjustment of the digital representation of the 

head region, wherein the target feature is the same for each input patch (Soare [0079] 

In FIG. GA, there is a system and method comprising providing a frontal image of a 

person's face, including a base of the person's nose, tip end of the chin, cheeks, 

nostrils, eyes including irises, supraorbital margins, ears, and eyebrows and 

integrating features of the features of FIGS. 1-5 into the face. ) 

and a set of output patches in one-to-one correspondence with the input 

patches, each output patch comprising the target feature of the digital representation of 

the head region after adjustment of the digital representation of the head region (Soare: 

[0091] The method and system comprising the steps of opening an App on a computer 

device. In substantially real-time the user uses the App using a camera to generate 

facial measurements using a facial measurement engine. Measurements give the user 

in real time data about a custom application of cosmetics on their individual face using 

the camera) since there is input of the original face, and output of the face with 

superimposed outlines. 
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Pages 

using a first fflechiRe !eemiR§ algorithm to generate first reference data using 

the training data, the first reference data comprising editing instructions for adjusting 

the digital representation of the head region for a range of possible digital 

representations of the head region and using a second fflechiRe leemiR§ algorithm to 

generate second reference data using the same training data as the first fflechiRe 

.'eemiR§ algorithm and the first reference data generated by the first fflechiRe leerRiR§ 

algorithm, the second reference data comprising editing instructions for adjusting the 

digital representation of the head region for a range of possible digital representations 

of the head region (Soare Fig. 9-10 and [0088] At a next stage anyone or more of the 

images from FIGS. lA, 2A, 3A, 4A, SA or GA can be overlaid on the facial image. There 

is continual feedback and comparison of the facial image after makeup and/or 

contouring is applied to the face of the user with the ideal image as shown in FIGS. lA, 

2A, 3A, 4A, SA or GA on the screen. When there is a satisfactory or acceptable result 

the user can move) since there is a superimposed outline of Fig.1A on the face showing 

editing instructions, and once the makeup is acceptable, it moves to superimposing Fig. 

2A which takes the original face input (training data) and the output from "acceptable" 

(first machine learning algorithm), and uses that for further editing. 

Soare does not expressly disclose machine learning algorithms. In a related field 

of endeavor, Siddique teaches: 

machine learning algorithm (Siddique [0117]: Furthermore, the movements of 

the original character can be extracted, in exemplary embodiment, either manually or 

using machine learning algorithms (for example: pose tracking and pose recover 

techniques) and then applied to the user model.) 

Therefore, it would have been obvious before the effective filing date of the 

claimed invention to use a machine learning algorithm as taught by Siddique. The 

motivation for doing so would have been that machine learning algorithms are efficient, 

don't require human intervention, and can continually imp rove. Therefore it would have 

been obvious to combine Siddique with Soare to obtain the invention. 
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Regarding claim 10: 

Page6 

The method of claim 1, has all of its limitations taught by Soare in view of 

Siddique. Soare further teaches wherein the first rr:1ec/:iiRe .'-eemiR§ algorithm is of a 

different rr:1ec/:iiRe .'-eerRiR§ algorithm type than the second machine learning algorithm 

(Soares Fig. 9: first algorithm superimposes Fig lA, second superimposes Fig. 2A, so at 

the very least there is a minor difference in the algorithm in that it uses/displays 

different data). 

Regarding claim 11: 

The method of claim 1, has all of its limitations taught by Soare in view of 

Siddique. Siddique furtherteaches wherein the first machine learning algorithm 

comprises one or more of the following: 

a neural network a support vector machine and a generative adversarial 

network {GAN) Soare does not expressly disclose machine learning algorithms. In a 

related field of endeavor, Siddique teaches: (Siddique [0124]: This can be accomplished 

using a variety of machine learning algorithms such as neural networks or support 

vector machines.) 

Therefore, it would have been obvious before the effective filing date of the 

claimed invention to use a machine learning algorithm as taught by Siddique. The 

motivation for doing so would have been that machine learning algorithms are efficient, 

don't require human intervention, and can continually imp rove. Further, this is a simple 

substitution of algorithm types. Therefore it would have been obvious to combine 

Siddique with Soare to obtain the invention. 

Regarding claim 14: 

The method of claim 1, has all of its limitations taught by Soare in view of 

Siddique. Soare further teaches wherein the target feature comprises one or more of 

the following: 
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an eye region comprising at least part of an eye, a nose region comprising at 

least part of a nose, a mouth region comprising at least part of a mouth, a chin region 

comprising at least part of a chin, a neck region comprising at least part of a neck, and a 

hair region comprising hair (Soare Abstract: An eyebrow shaping method includes 

providing an image of a face.)(Soare [0030] A method comprises providing a frontal 

image of a person's face, including a base of the person's nose, tip end of the chin, 

cheeks, nostrils, eyes including irises, supraorbital margins, ears, and eyebrows. A first 

distance extends in length from a point at the base of the nose to the tip end of the 

chin; forming a first guide line on a cheek at a radius substantially equal to the first 

distance; the first guide line being user to demarcate a first limit for the application of 

contouring on the cheek. ) 

Regarding claim 18: 

A method of adjusting a digital representation of a head region, the method 

comprising receiving a digital representation of a head region (Soare Abstract: An 

eyebrow shaping method includes providing an image of a face.). 

and using reference data comprising editing instructions to adjust the digital 

representation of the head region, (Soare: [0091] The method and system comprising 

the steps of opening an App on a computer device. In substantially real-time the user 

uses the App using a camera to generate facial measurements using a facial 

measurement engine. Measurements give the user in real time data about a custom 

application of cosmetics on their individual face using the camera) wherein the 

reference data comprises the second reference data generated by the method of claim 1 

(See claim 1 rejection). 

Regarding claim 25: 

A method of training a machine learning algorithm to adjust a digital 

representation of a head region, comprising: (Soare Abstract: An eyebrow shaping 

method includes providing an image of a face.). 

receiving training data comprising: 
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a set of input patches, each input patch comprising a target feature of a digital 

representation of a head region prior to adjustment of the digital representation of the 

head region, wherein the target feature is the same for each input patch (Soare [0079] 

In FIG. GA, there is a system and method comprising providing a frontal image of a 

person's face, including a base of the person's nose, tip end of the chin, cheeks, 

nostrils, eyes including irises, supraorbital margins, ears, and eyebrows and 

integrating features of the features of FIGS. 1-5 into the face. ) 

and first reference data generated by a pre-trained first mechine f.eernin~ 

algorithm, the first reference data comprising a set of editing instructions in one-to-one 

correspondence with the input patches, each editing instruction being for adjusting the 

digital representation of the head region updating a pre-trained second mechine 

f.eemin~ algorithm trained to generate second reference data, where the input for the 

updating comprises the training data and the generated first reference data, the second 

reference data comprising editing instructions for adjusting the digital representation of 

the head region (Soare Fig. 9-10 and [0088] At a next stage anyone or more of the 

images from FIGS. lA, 2A, 3A, 4A, SA or GA can be overlaid on the facial image. There 

is continual feedback and comparison of the facial image after makeup and/or 

contouring is applied to the face of the user with the ideal image as shown in FIGS. lA, 

2A, 3A, 4A, SA or GA on the screen. When there is a satisfactory or acceptable result 

the user can move) since there is a superimposed outline of Fig.1A on the face showing 

editing instructions, and once the makeup is acceptable, it moves to superimposing Fig. 

2A which takes the original face input (training data) and the output from "acceptable" 

(first machine learning algorithm), and uses that for further editing. 

Soare does not expressly disclose machine learning algorithms. In a related field 

of endeavor, Siddique teaches: 

machine learning algorithm (Siddique [0117]: Furthermore, the movements of 

the original character can be extracted, in exemplary embodiment, either manually or 
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using machine learning algorithms (for example: pose tracking and pose recover 

techniques) and then applied to the user model.) 

Page9 

Therefore, it would have been obvious before the effective filing date of the 

claimed invention to use a machine learning algorithm as taught by Siddique. The 

motivation for doing so would have been that machine learning algorithms are efficient, 

don't require human intervention, and can continually imp rove. Therefore it would have 

been obvious to combine Siddique with Soare to obtain the invention. 

Regarding claim 27: 

A method of training a machine learning algorithm to adjust a digital 

representation of a head region, the method comprising: (Soare Abstract: An eyebrow 

shaping method includes providing an image of a face.). 

receiving training data comprising a set of input digital representations of a 

head region (Soare [0079] In FIG. GA, there is a system and method comprising 

providing a frontal image of a person's face, including a base of the person's nose, tip 

end of the chin, cheeks, nostrils, eyes including irises, supraorbital margins, ears, and 

eyebrows and integrating features of the features of FIGS. 1-5 into the face. ) 

training a first rr:1ac/:iiRe .'-eamiRfJ algorithm using the training data to perform an 

adjustment of a digital representation of a head region using the trained first rr:1ac/:iiRe 

.'-eamiRfJ algorithm to generate first reference data, the first reference data comprising 

an adjusted digital representation of the head region for each of at least a subset of the 

input digital representations, each adjusted digital representation being obtained by 

performed the adjustment that the first rr:1ac/:iiRe .'-eamiRfJ algorithm was trained to 

perform and training a second rr:1ac/:iiRe .'-earRiRfJ algorithm using at least a subset of the 

training data used to train the first rr:1ac/:iiRe .'-eamiRfJ algorithm and the first reference 

data to perform the same adjustment of a digital representation of a head region as the 

first rr:1ac/:iiRe .'-earRiRfJ algorithm (Soare Fig. 9-10 and [0088] At a next stage anyone or 

more of the images from FIGS. lA, 2A, 3A, 4A, SA or GA can be overlaid on the facial 

image. There is continual feedback and comparison of the facial image after makeup 
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and/or contouring is applied to the face of the user with the ideal image as shown in 

FIGS. lA, 2A, 3A, 4A, SA or GA on the screen. When there is a satisfactory or 

acceptable resultthe user can move) since there is a superimposed outline of Fig.1A on 

the face showing editing instructions, and once the makeup is acceptable, it moves to 

superimposing Fig. 2A which takes the original face input (training data) and the output 

from "acceptable" (first machine learning algorithm), and uses that for further editing. 

Soare does not expressly disclose machine learning algorithms. In a related field 

of endeavor, Siddique teaches: 

machine learning algorithm (Siddique [0117]: Furthermore, the movements of 

the original character can be extracted, in exemplary embodiment, either manually or 

using machine learning algorithms (for example: pose tracking and pose recover 

techniques) and then applied to the user model.) 

Therefore, it would have been obvious before the effective filing date of the 

claimed invention to use a machine learning algorithm as taught by Siddique. The 

motivation for doing so would have been that machine learning algorithms are efficient, 

don't require human intervention, and can continually imp rove. Therefore it would have 

been obvious to combine Siddique with Soare to obtain the invention. 

Regarding claim 28: 

The method of claim 27, has all of its limitations taught by Soare in view of 

Siddique. Soare does not expressly disclose 2D to 3D. In a related field of endeavor, 

Siddique teaches: 

wherein the adjustment of the digital representation comprises converting from a 

two-dimensional digital representation to a three-dimensional digital representation 

(Siddique [0098]: The three-dimensional models are herein referred to as user 

models or character models, and are created based on information provided by the 

user. This information includes, but is not limited to, any combination of: images; 

movies; measurements; outlines of feet, hands, and other body parts; 
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moulds/imprints including those of feet, hands, ears, and other body parts; scans such 

as laser scans; skin tone, race, gender, weight, hair type etc.; high resolution scans and 

images of the eyes; motion capture data (mocap).) 

Therefore, it would have been obvious before the effective filing date of the 

claimed invention to use 2D to 3D conversion as taught by Siddique. The rationale for 

doing so would have been that it combines prior art elements according to known 

methods to yield predictable results, where Siddique allows for the creation of 3D 

models from 2D information, and Soare is using 2D information of a users face, where if 

it were 3D it would better show the contours for applying makeup, by making the 

information more accurate to the 3D shape of a human face. Therefore it would have 

been obvious to combine Siddique with Soare to obtain the invention. 

Regarding claim 30: 

The method of claim 25, has all of its limitations taught by Soare in view of 

Siddique. Soare further teaches further comprising receiving a further digital 

representation of the head region and using the updated or trained second machining 

learning algorithm to adjust the further digital representation (Soare Fig. 9: 

superimposing, comparison, and application is repeated for lA, 2A, 3A, 4A, SA, GA) 

since the head region is updated and adjusted repeatedly. 

Regarding claim 31: 

The claim is a/an program version of claim 1 where the program performs the 

method. As such it is rejected under the same teachings. 

Regarding claim 32: 

The claim is a/an medium version of claim 1 where the medium stores and 

performs the method. As such it is rejected under the same teachings. 

Regarding claim 33: 

The claim is a/an device version of claim 1 where the device stores and performs 

the method. As such it is rejected under the same teachings. 
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11. Claim(s) 12 is/are rejected under 35 U.S.C. 103 as being unpatentable over Soare U.S. 

Patent/PG Publication 20160125227 in view of Siddique U.S. Patent/PG Publication 

20100030578 and Zhang U.S. Patent/PG Publication 20070244606. 

Regarding claim 12: 

The method of claim 1, has all of its limitations taught by Soare in view of 

Siddique. Soare does not expressly disclose machine learning algorithms. In a related 

field of endeavor, Zhang teaches: 

wherein the second machine learning algorithm comprises one or more of the 

following: 

a regression forest, regression ferns, cluster centres, a lookup table, and 

separable filter banks (Zhang [0027]: Depending on the machine/learning method 

used, which can include, but is not limited to, decision trees, artificial neural networks, 

Bayes learning, hidden Markov models, Bayesian belief networks, case based 

reasoning, genetic algorithms, etc., the learned DWE can be a set of rules, a look-up 

table, or a numerical function, depending on the algorithm used. Using this design 

method, a driver workload estimator is established.). 

Therefore, it would have been obvious before the effective filing date of the 

claimed invention to use lookup tables as taught by Zhang. The rationale for doing so 

would have been that it combines prior art elements according to known methods to 

yield predictable results since an algorithm such as a machine learning algorithm can 

include countless types of storage and classification forms, which do not change the 

function of the algorithm. Therefore it would have been obvious to combine Zhang with 

Soare to obtain the invention. 

12. Claim(s) 16 is/are rejected under 35 U.S.C. 103 as being unpatentable over Soare U.S. 

Patent/PG Publication 20160125227 in view of Siddique U.S. Patent/PG Publication 

20100030578 and Warnes U.S. Patent/PG Publication 20020013691. 
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Regarding claim 16: 

Page 13 

The method of claim 1, has all of its limitations taught by Soare in view of 

Siddique. Soare does not expressly disclose compression. In a related field of endeavor, 

Warnes teaches: 

wherein the second editing instructions in the second reference data are provided 

in a compressed representation (Warnes: [0009] Compressing the instruction set of a 

RISC processor (particularly in the case of an embedded applications such as consumer 

electronics) is important for reasons relating to memory and die space limitations, as 

well as others. A number of varying compression techniques have been proposed to 

reduce instruction set size.). 

Therefore, it would have been obvious before the effective filing date of the 

claimed invention to use compression as taught by Warnes. The motivation for doing so 

would have been to reduce data size (Warnes [0009]). Therefore it would have been 

obvious to combine Warnes with Soare to obtain the invention. 

Conclusion 

13. For the prior art referenced and the prior art considered pertinent to Applicant's 

disclosure but not relied upon, see PTO-892 "Notice of References Cited". 

Any inquiry concerning this communication or earliercommunications 

from the examiner should be directed to JASON PRINGLE-PARKER whose telephone 

number is (571)272-5690 and e-mail is_1::.n:m.pringl1::-park1:'=--@usptoI~Ov. The examiner 

can normal Iv be reached on 8:30am-5:00pm est Monday-Friday. If attempts to reach the 

examiner by telephone are unsuccessful, the examiner's :;upervisor, Barry Drennan can 

be reached on {571} 270-7262. The fax phone number for the organization where this 

application or proceeding i:; assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) svstem. Status information for published 

application:; rnay be obtained from either Private PAIR or Public PAIR. Sta tu:; infonnation 
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for unpublished applications is available through Private PAIR only. For rnore 
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information about the PAIR system, see http~,//pai_r-di recL uspto.gO\/. Should vou have 

questions on access to the Private PAIR system, contact the Electronic Business Center 

(EBC) at 866-217-9197 (toll-free}. If vou would like assistance from a USPTO Customer 

Service Representative or access to the automated inforrnation system, call 800-786-

9199 (IN USA OR CANADA} or 571-272-1000. 

/JASON A PRINGLE-PARKER/ 

Primary Examiner,Art Unit 2618 
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The information provided by you in this form will be subject to the following routine uses: 

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

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

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

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

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

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

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

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of 
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record 
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in 
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referenced by either a published application, an application open to public inspections or an issued patent. 
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enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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Claims 1-36 were originally filed in this application. Claims 4-6, 9-16, 18-19, 22, 30-31, 

and 36 were previously amended to remove multiple dependencies and to correct minor 

typographical errors. Claims 19-24 and 35-36 are currently withdrawn. 

Restriction Requirement 

The Office Action sets forth a restriction requirement. Without agreeing with this 

restriction requirement and to advance prosecution, Applicant elects, without traverse, 

Examiner's designated Group I (claims 1-18 and 25-34). Accordingly, Applicant withdraws 

from examination claims 19-24 and 35-36. 

Conclusion 

If the Examiner has any questions regarding this response or the application in general, 

the Examiner is invited to contact Applicant's attorney at the below-listed telephone number. 

Applicant does not believe that any fees are due with the filing of this document; however, if it is 

determined that any additional fees are due, or if an overcharge had occurred, please charge or 

credit deposit account no. 50-6262, referencing Attorney Docket No. 409001. 

Date: October 15, 2019 

Respectfully submitted, 

/Penny L Lowry/ 
Penny L. Lowry, Reg. No. 57186 
RealD Inc. 
5700 Flatiron Parkway 
Boulder, CO 80301 
Tel: (303) 500-6030 

Page 11 of 11 

Microsoft Exhibit 1002 - Page 388 
Microsoft Corporation v. RealD Spark, LLC 
IPR2023-01046 - U.S. Patent No. 10,740,985



APPLICATIONNO. 16/057,566 
ATTORNEY DOCKET NO. 40900 l 

LISTING OF CLAIMS 

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

application. 

1. (Original) A method of generating reference data for adjusting a digital 

representation of a head region, the method comprising: 

receiving training data comprising: 

a set of input patches, each input patch comprising a target feature of a digital 

representation of a head region prior to adjustment of the digital representation of the 

head region, wherein the target feature is the same for each input patch; and 

a set of output patches in one-to-one correspondence with the input patches, each 

output patch comprising the target feature of the digital representation of the head region 

after adjustment of the digital representation of the head region; 

using a first machine learning algorithm to generate first reference data using the training 

data, the first reference data comprising editing instructions for adjusting the digital 

representation of the head region for a range of possible digital representations of the head 

region; and 

using a second machine learning algorithm to generate second reference data using the 

same training data as the first machine learning algorithm and the first reference data generated 

by the first machine learning algorithm, the second reference data comprising editing instructions 

for adjusting the digital representation of the head region for a range of possible digital 

representations of the head region. 

2. (Original) The method of claim 1, wherein: 

the first reference data comprise first editing instructions for a range of possible 

configurations of the target feature and first selection instructions for selecting editing 

instructions for a particular input patch from the first editing instructions based on the 

configuration of the target feature of the input patch; and 

the second reference data comprise second editing instructions for a range of possible 

configurations of the target feature and second selection instructions for selecting editing 
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instructions for a particular input patch from the second image editing instructions based on the 

configuration of the target feature of the input patch. 

3. (Original) The method of claim 2, wherein the configuration of the target feature of 

each input patch is represented by a feature vector derived from plural local descriptors of the 

input patch, and the first and second selection instructions define how the feature vector is used 

to select editing instructions for the input patch. 

4. (Previously presented) The method of claim 2, wherein the editing instructions 

comprise a displacement vector field defining how the input patch is to be transformed. 

5. (Previously presented) The method of claim 2, wherein the editing instructions 

comprise a filter field, a brightness adjustment field, or a texture blending field. 

6. (Previously presented) The method of claim 2, wherein: 

a first editing algorithm is used by the first machine learning algorithm to define how the 

first editing instructions are to be applied to an input patch to derive an output patch; and 

a second editing algorithm is used by the second machine learning algorithm to define 

how the second editing instructions are to be applied to an input patch to derive an output patch. 

7. (Original) The method of claim 6, wherein: 

the second editing instructions are principle component analysis components of a 

principle component analysis of the first editing instructions; and 

the second image editing algorithm is configured to transform the second editing 

instructions into the first editing instructions by inverse principle component analysis transform. 

8. (Original) The method of claim 6, wherein: 

the second editing instructions are wavelet components of the first editing instructions; 

and 

the second editing algorithm is configured to transform the second editing instructions 

into the first editing instructions by inverse wavelet transform. 
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9. (Previously presented) 
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The method of claim 2, wherein the first selection 

instructions for the first reference data are able to select between a larger number of alternative 

editing instructions than the second selection instructions for the second reference data. 

10. (Previously presented) The method of claim 1, wherein the first machine learning 

algorithm is of a different machine learning algorithm type than the second machine learning 

algorithm. 

11. (Previously presented) The method of claim 1, wherein the first machine learning 

algorithm comprises one or more of the following: a neural network; a support vector machine; 

and a generative adversarial network (GAN). 

12. (Previously presented) The method of claim 1, wherein the second machine 

learning algorithm comprises one or more of the following: a regression forest; regression ferns, 

cluster centres, a lookup table, and separable filter banks. 

13. (Previously presented) The method of claim 1, wherein the first machine learning 

algorithm comprises a first neural network and the second machine learning algorithm comprises 

a second neural network, wherein the second neural network comprises fewer layers and/or 

smaller convolution fields than the first neural network. 

14. (Previously presented) The method of claim 1, wherein the target feature 

comprises one or more of the following: an eye region comprising at least part of an eye, a nose 

region comprising at least part of a nose, a mouth region comprising at least part of a mouth, a 

chin region comprising at least part of a chin, a neck region comprising at least part of a neck, 

and a hair region comprising hair. 

15. (Previously presented) The method of claim 1, wherein: 

the target feature comprises an eye region comprising at least part of an eye and the 

adjustment of the digital representation of the head region comprises adjusting a gaze direction; 
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the target feature comprises a nose region comprising at least part of a nose and the 

adjustment of the digital representation of the head region comprises adjusting a shape and/or 

texture of the nose; 

the target feature comprises a chin region comprising at least part of a chin and the 

adjustment of the digital representation of the head region comprises adjusting a shape and/or 

texture of the chin; 

the target feature comprises a neck region comprising at least part of a neck and the 

adjustment of the digital representation of the head region comprises adjusting a shape and/or 

texture of the neck; and/ or 

the target feature comprises a hair region comprising hair and the adjustment of the 

digital representation of the head region comprises adjusting a color of the hair. 

16. (Previously presented) The method of claim 1, wherein the second editing 

instructions in the second reference data are provided in a compressed representation. 

17. (Original) The method of claim 16, wherein the compressed representation comprises 

one or more of the following: a principle component analysis representation; a wavelet 

representation; Fourier and/or discrete cosine transform components; cluster centers. 

18. (Previously presented) A method of adjusting a digital representation of a head 

region, the method comprising 

receiving a digital representation of a head region; and 

using reference data comprising editing instructions to adjust the digital representation of 

the head region, wherein the reference data comprises the second reference data generated by the 

method of claim 1. 

19. (Withdrawn) A method of adjusting a digital representation of a head region, the 

method comprising: 

identifying a target patch in the digital representation of the head region, the target patch 

comprising a target feature of the digital representation of the head region; 

deriving a feature vector from plural local descriptors of the target patch; 
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using the feature vector to select editing instructions from reference data, the reference 

data comprising editing instructions for a range of possible values of the feature vector; and 

applying the selected editing instructions to the target patch to adjust the digital 

representation of the head region, wherein: 

the reference data comprises the second reference data generated by the method of claim 

1. 

20. (Withdrawn) A method of adjusting a digital representation of a head region, the 

method comprising: 

identifying a target patch in the digital representation of the head region, the target patch 

comprising a target feature of the digital representation of the head region; 

deriving a feature vector from plural local descriptors of the target patch; 

using the feature vector to select editing instructions from reference data, the reference 

data comprising editing instructions for a range of possible values of the feature vector; and 

applying the selected editing instructions to the target patch to adjust the digital 

representation of the head region, wherein: 

the editing instructions in the reference data are provided in a compressed representation. 

21. (Withdrawn) The method of claim 20, wherein the compressed representation comprises 

one or more of the following: a principle component analysis representation; a wavelet 

representation; Fourier and/or discrete cosine transform components; cluster centres. 

22. (Withdrawn) The method of claim 18, wherein a plurality of the digital representations 

of the head region are received and adjusted, each digital representation being captured from the 

head region at a different point in time, and the method further comprises updating the second 

machine learning algorithm using editing instructions generated by the first machine learning 

algorithm using one or more of the received and adjusted digital representations. 

23. (Withdrawn) The method of claim 22, wherein the updating of the second machine 

learning algorithm is performed at or near input data frame rate. 
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24. (Withdrawn) The method of claim 23, wherein only a subset of the received and 

adjusted digital representations are used to update the second machine learning algorithm. 

25. (Original) A method of training a machine learning algorithm to adjust a digital 

representation of a head region, comprising: 

receiving training data comprising: 

a set of input patches, each input patch comprising a target feature of a digital 

representation of a head region prior to adjustment of the digital representation of the 

head region, wherein the target feature is the same for each input patch; and 

first reference data generated by a pre-trained first machine learning algorithm, 

the first reference data comprising a set of editing instructions in one-to-one 

correspondence with the input patches, each editing instruction being for adjusting the 

digital representation of the head region; 

updating a pre-trained second machine learning algorithm trained to generate second 

reference data, where the input for the updating comprises the training data and the generated 

first reference data, the second reference data comprising editing instructions for adjusting the 

digital representation of the head region. 

26. (Original) The method of claim 25, wherein the updating of the second machine 

learning algorithm is performed at or near input data frame rate. 

27. (Original) A method of training a machine learning algorithm to adjust a digital 

representation of a head region, the method comprising: 

receiving training data comprising a set of input digital representations of a head region; 

training a first machine learning algorithm using the training data to perform an 

adjustment of a digital representation of a head region; 

using the trained first machine learning algorithm to generate first reference data, the first 

reference data comprising an adjusted digital representation of the head region for each of at 

least a subset of the input digital representations, each adjusted digital representation being 

obtained by performed the adjustment that the first machine learning algorithm was trained to 

perform; and 
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training a second machine learning algorithm using at least a subset of the training data 

used to train the first machine learning algorithm and the first reference data to perform the same 

adjustment of a digital representation of a head region as the first machine learning algorithm. 

28. (Original) The method of claim 27, wherein the adjustment of the digital 

representation comprises converting from a two-dimensional digital representation to a three­

dimensional digital representation. 

29. (Original) The method of claim 28, wherein the training of the first machine learning 

algorithm comprises iteratively using a rendering process to generate a two-dimensional digital 

representation from a three-dimensional digital representation generated by the first machine 

learning algorithm and comparing the generated digital representation with a corresponding 

digital representation in the training data. 

30. (Previously presented) The method of claim 25, further comprising receiving a 

further digital representation of the head region and using the updated or trained second 

machining learning algorithm to adjust the further digital representation. 

31. (Previously presented) A computer program capable of execution by a processor 

and arranged on execution to cause the processor to perform a method according to claim 1. 

32. (Original) A computer readable storage medium storing a computer program 

according to claim 31. 

33. (Original) A device for generating reference data for adjusting a digital 

representation of a head region, the device comprising a data processing unit arranged to: 

receive training data comprising: 

a set of input patches, each input patch comprising information about a target 

feature of a digital representation of the head region prior to adjustment of the digital 

representation of the head region, wherein the target feature is the same for each input 

patch; and 
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a set of output patches in one-to-one correspondence with the input patches, each 

output patch comprising the target portion of the digital representation of the head region 

after adjustment of the digital representation of the head region; 

use a first machine learning algorithm to generate first reference data using the training 

data; and 

use a second machine learning algorithm to generate second reference data using the 

same training data as the first machine learning algorithm and the first reference data output by 

the first machine learning algorithm. 

34. (Original) The device of claim 33, wherein: 

the first reference data comprises editing instructions for adjusting the digital 

representation of the head region for a range of possible digital representations of the head 

reg10n; 

the second reference data comprises editing instructions for adjusting the digital 

representation of the head region for a range of possible digital representations of the head 

reg10n; 

the second editing instructions in the second reference data are provided in a compressed 

representation. 

35. (Withdrawn) A device for adjusting a digital representation of a head region, the device 

comprising a data processing unit arranged to process the digital representation of the head 

region by: 

identifying a target patch in the digital representation of the head region, the target patch 

comprising information about a target feature of the digital representation of the head region; 

deriving a feature vector from plural local descriptors of the target patch; 

using the feature vector to select editing instructions from reference data, the reference 

data comprising editing instructions for a range of possible values of the feature vector; and 

applying the selected editing instructions to the target patch to adjust the digital 

representation of the head region, wherein: 

the editing instructions in the reference data are provided in a compressed representation. 
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36. (Withdrawn) The device of claim 35, further comprising a telecommunications interface 

arranged to transmit the adjusted digital representation over a telecommunications network to a 

destination device to allow display of the head region thereon. 
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