ase 2:22-0v-00842-TL Document © Filed O7/11/22 Page iofl

AQ 120 (Rev. 08/10)

O Mail Stop 8 REPORT ON THE
’ Birector of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN
P.O. Box 1450 ACTION REGARDING A PATENT OR
Alexandria, VA 22313-1456 TRADEMARK
In Compliance with 35 U.5.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been
filed in the U.S. District Court for the Western District of Washington on the following
] Tradematks or W Patents. ([ the patent action involves 35 U.S.C. § 292
DOCKET NO. DATE FEIL}_ED U8, DISTRICT COURT
2:22-cy-00042 71712022 for the Westem District of Washington
PLAINTIFF DEFENDANT
Reald Spark, LLC Microsoft Corporation
PATENT OR DATE OF PATENT . R (D AT DEMARK
TRADEMARK NO, R TRADEMARK HOLDER OF PATENT OR TRADEM:
1 10,740,985 B2 August 11, 2020 Reall? Spark, LL{
2
4
S
In the above—ecntitled case, the following patent(s) trademark(s) have been included:
DATE INCLUDED WNCLUDED BY
1 Amendment [ Answer 3 Cross Bt [ Other Pleading
PATENT OR DATE OF PATENT - .
I ¥ T PATEN DEMARK
TRADEMARK NG, R TRADEMARK HOLDER OF PATENT OR TRADEMARK.
i
o)
4
5

In the above-—cuiitied case, the following decision las been rendered or judgement fssued:

DECISION/JUDGEMENT

CLERK (BYy DEPUTY CLERK DATE
Ravi Subramanian Sherri Tye 7/11/2022

Copy I—Upon initiation of action, madl this copy to Birector  Copy 3—Upon terxaination of action, maif this eopy to Birector
Copy 2—Upen filing document adding patent(s), mail thic copy to Birector  Copy 4-Case file copy
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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

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
16/057.566 08/11/2020 10740985 409001 5211
145234 7590 07/22/2020
RealD Spark, LL.C
9777 Wilshire Blvd.
Suite 400

Beverly Hills, CA 90212

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

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

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

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

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

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office
of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments
should be directed to the Application Assistance Unit (AAU) of the Office of Data Management (ODM) at
(571)-272-4200.

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

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 By fax, send to: (571)-273-2885
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All
further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected
below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications.
Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying
papers. Each additional paper, such as an assignment or formal drawing, must
have its own certificate of mailing or transmission.

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

145234 7590 04/01/2020 Certificate of Mailing or Transmission
RealD Spark LLC I hereby certify that this Fee(s) Transmittal is being deposited with the United
P States Postal Service with sufficient postage for first class mail in an envelope
9777 Wilshire Blvd. addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
Suite 400 the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.
Beverly Hills, CA 90212 (EFS Filing) (Typed or printed name
(Signature
(Date’
| APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |
16/057,566 08/07/2018 Eric Sommerlade 409001 5211
TITLE OF INVENTION: Adjusting a digital representation of a head region
| APPLN. TYPE | ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE | DATE DUE |
nonprovisional SMALL $500 $0.00 $0.00 $500 07/01/2020

| EXAMINER | ART UNIT | CLASS-SUBCLASS |
PRINGLE-PARKER, JASON A 2618 345-428000
1. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list
CFR 1.363). (1) The names of up to 3 registered patent attorneys Penny L. LOVVl'y
1

or agents OR, alternatively,

M| Change of correspondence address (or Change of Correspondence @ f’he name of a sinele f}i/rm (having as a member a il hew

Address form PTO/SB/122) attached. . g g Neil G.J. Mothew
registered attorney or agent) and the names of up to 2

Lo L 2 registered patent attorneys or agents. If no name is

[ "Fee Address” indication (or "Fee Address” Indication form PTO/ listed, no name will be printed.

SB/47; Rev 03-09 or more recent) attached. Use of a Customer 3

Number is required.

. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81(a). Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)
RealD Spark, LLC Beverly Hills, CA

|93}

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

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

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

[ The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No.

5. Change in Entity Status (from status indicated above)
. o . . NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
3 Applicant certifying micro entity status. See 37 CFR 1.29 fee payment in the micro entity amount will not be accepted at the risk of application abandonment.
NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.
NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

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

M| Applicant changing to regular undiscounted fee status.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

7 ; v
Authorized Signature / Penny L. Low ry/ Date J UlV 1, 2020
; - 57186
Typed or printed name Penn)’ L. LO“’IY Registration No.
Page 2 of 3
PTOL-85 Part B (08-18) Approved for use through 01/31/2020 OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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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 USC111(a)

Description Fee Code Quantity Amount Sul:’-s'l';(t:)l in

Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:

UTILITY APPL ISSUE FEE 2501 1 500 500

Microsoft Exhibit 1002 - Page 4
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Description Fee Code Quantity Amount Sul:,-s'l';(t:)l in
Extension-of-Time:
Miscellaneous:
Total in USD ($) 500
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Electronic Acknowledgement Receipt

EFS ID: 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 s . File Size(Bytes)/ Multi Pages
Document Description File Name A . .
Number Message Digest | Part/.zip| (if appl.)
265761
1 Issue Fee Payment (PTO-85B) 409001_Issue_l;efe_TransmlttaI. no 1
p d438bfa7dd77d5cd105058e85a19c5754b0)
ead83
Warnings:
Information:
29975
2 Fee Worksheet (SB06) fee-info.pdf no 2
fd7bd9e401f443bf103680526cea%7 1b906|
a4d8
Warnings:
Information:
Total Files Size (in bytes)1 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 Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Electronic Acknowledgement Receipt

EFS ID: 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 no
File Listing:
Document L i o .
Document Description File Name File S|ze(B¥tes)l Mult|. .Pages
Number Message Digest | Part/.zip| (if appl.)
1399896
1 QOath or Declaration filed 409001 _Declarations_X.pdf no 2
713d6c7ala6be283df1c83fb4aeS44eebd 1
Warnings:
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Information:

Total Files Size (in bytes)1 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 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.

Microsoft Exhibit 1002 - Page 11
Microsoft Corporation v. RealD Spark, LLC
IPR2023-01046 - U.S. Patent No. 10,740,985



UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

Www.uspto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
145234 7590 04/01/2020
RealD Spark, LLC PRINGLE-PARKER, JASON A
9777 Wilshire Blvd.
Suite 400 | ART UNIT PAPER NUMBER |
Beverly Hills, CA 90212 2618
DATE MAILED: 04/01/2020
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. | CONFIRMATION NO.
16/057,566 08/07/2018 Eric Sommerlade 409001 5211

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

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE | PREV. 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:

1. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that
entity status still applies.

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above.

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled
"Change in Entity Status (from status indicated above)".

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity
fees.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to Mail
Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Maintenance fees are due in utility patents issuing on applications filed on or after Dec. 12, 1980.
It is patentee's responsibility to ensure timely payment of maintenance fees when due. More information is available at

www.uspto.gov/PatentMaintenanceFees.
Page 1 of 3
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PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web.

By mail, send to: Mail Stop ISSUE FEE By fax, send to: (571)-273-2885
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All
further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected
below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications.
Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying
papers. Each additional paper, such as an assignment or formal drawing, must
have its own certificate of mailing or transmission.

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

145234 7590 04/01/2020 Certificate of Mailing or Transmission
RealD Spark LLC I hereby certify that this Fee(s) Transmittal is being deposited with the United
P States Postal Service with sufficient postage for first class mail in an envelope
9777 Wilshire Blvd. addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
Suite 400 the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.
Beverly Hills, CA 90212 (Typed or printed name
(Signature
(Date’
| APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |
16/057,566 08/07/2018 Eric Sommerlade 409001 5211
TITLE OF INVENTION: Adjusting a digital representation of a head region
| APPLN. TYPE | ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE | DATE DUE |
nonprovisional SMALL $500 $0.00 $0.00 $500 07/01/2020

| EXAMINER | ART UNIT | CLASS-SUBCLASS |
PRINGLE-PARKER, JASON A 2618 345-428000
1. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list
CFR 1.363). (1) The names of up to 3 registered patent attorneys
or agents OR, alternatively, 1

M| Change of correspondence address (or Change of Correspondence

Address form PTO/SB/122) attached (2) The name of a single firm (having as a member a

registered attorney or agent) and the names of up to 2
Q- e . N L 2 registered patent attorneys or agents. If no name is

Fee Address" indication (or "Fee Address” Indication form PTO/ listed, no name will be printed.
SB/47; Rev 03-09 or more recent) attached. Use of a Customer 3
Number is required.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81(a). Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

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

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

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

[ The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No.

5. Change in Entity Status (from status indicated above)
. o . . NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
3 Applicant certifying micro entity status. See 37 CFR 1.29 fee payment in the micro entity amount will not be accepted at the risk of application abandonment.
NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.
NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

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

M| Applicant changing to regular undiscounted fee status.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature Date
Typed or printed name Registration No.
Page 2 of 3
PTOL-85 Part B (08-18) Approved for use through 01/31/2020 OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

Www.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
16/057,566 08/07/2018 Eric Sommerlade 409001 5211
| EXAMINER |
145234 7590 04/01/2020
RealD Spark, LLC PRINGLE-PARKER, JASON A
9777 Wilshire Blvd.
Suite 400 | ART UNIT PAPER NUMBER |
Beverly Hills, CA 90212 2618

DATE 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 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(1) to eliminate the requirement
that the Office provide a patent term adjustment determination with the notice of allowance. See Revisions to Patent
Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer providing an initial
patent term adjustment determination with the notice of allowance. The Office will continue to provide a patent term
adjustment determination with the Issue Notification Letter that is mailed to applicant approximately three weeks prior
to the issue date of the patent, and will include the patent term adjustment on the patent. Any request for reconsideration
of the patent term adjustment determination (or reinstatement of patent term adjustment) should follow the process
outlined in 37 CFR 1.705.

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.

Page 3 of 3

PTOL-85 (Rev. 02/11)
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IApplication No. JApplicant(s)
. .. 16/057,566 [Eric Sommerlade
Notice Requiring Inventor’s
Oath or Declaration Examiner [Art Unit
PRINGLE-PARKER, JASON A 2618

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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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and Budget
approval before requesting most types of information from the public. When OMB approves an agency request to
collect information from the public, OMB (1) provides a valid OMB Control Number and expiration date for the
agency to display on the instrument that will be used to collect the information and (ii) requires the agency to inform
the public about the OMB Control Number’s legal significance in accordance with 5 CFR 1320.5(b).

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 30 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon
the individual case. Any comments on the amount of time you require to complete this form and/or suggestions
for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office,
U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection
of information unless it displays a valid OMB control number.

Privacy Act Statement

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

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

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

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

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

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

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

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

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

8. 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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Application No. Applicant(s)
. . 16/057,566 Sommerlade et al.
Notice of Allowability Examiner ArtUnit | AIA (FITF) Status
JASON A PRINGLE-PARKER 2618 Yes

-- The MAILING DATE 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.

1.4} This communication is responsive to 2/21/20.
Oa declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

2 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[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a) CJAll b) O Some  *c) (J None of the:
1. [ Certified copies of the priority documents have been received.
2. [J Certified copies of the priority documents have been received in Application No.
3. [0 Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).

* Certified copies not received:

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

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

(J including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of each
sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1.0J Notice of References Cited (PTO-892) 5. (J Examiner's Amendment/Comment

2. Information Disclosure Statements (PTO/SB/08), 6. (J Examiner's Statement of Reasons for Allowance
Paper No./Mail Date

3.00 Examiner's Comment Regarding Requirement for Deposit 7. [ Other .

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 :
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20200319
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Application/Control No.

Applicant(s)/Patent Under Reexamination

Search Notes 16/057,566 Sommerlade et al.
H“m ”l” “H““ ‘ m ‘l“ o s
JASON A PRINGLE-PARKER 2618
CPC - Searched*
Symbol Date Examiner
CPC Combination Sets - Searched*
Symbol Date Examiner
US Classification - Searched*
Class Subclass Date Examiner

* See search history printout included with this form or the SEARCH NOTES box below to determine the scope of

the search.

Search Notes
Search Notes Date Examiner
Inventor 11/19/2019 JP
EAST 11/19/2019 JP
Google/Google Scholar (see EAST terms) 03/19/2020 JP
EAST 03/19/2020 JP
Interference 03/19/2020 JP
Interference Search
US Class/CPC US Subclass/CPC Group Date Examiner
Symbol

See search history 03/19/2020 JP

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

U.S. Patent and Trademark Office
Page 1 of 1

Part of Paper No.: 20200319
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Application/Control No. Applicant(s)/Patent Under Reexamination
/ssue Classification 16/057 566 Sommerlade et al.
H || H“| Examiner Art Unit
JASON A PRINGLE-PARKER 2618
CcPC
Symbol Type Version
GO6T ' 20 F 2013-01-01
GO6T 337 I 2017-01-01
GO6N 0454 I 2013-01:01
GO6N 08 I 2013-01-01
GOBT 20081 A 9013-01-01
GO6T 2004 A 2013-01-01
GO6T 2012 A 2013-01-01
GO6T 2021 A 2013-01-01
CPC Combination Sets
Symbol Type Set Ranking Version

NONE
Total Claims Allowed:
(Assistant Examiner) (Date) 19
/JASON A PRINGLE-PARKER/ 19 March 2020 . . A
Primary Examiner, Art Unit 2618 O.G. Print Claim(s) | O.G. Print Figure
(Primary Examiner) (Date) 1 1
U.S. Patent and Trademark Office Part of Paper No.: 20200319

Page 1 of 3
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/ssue Classification

Application/Control No. Applicant(s)/Patent Under Reexamination

16/057,566 Sommerlade et al.
Examiner Art Unit
JASON A PRINGLE-PARKER 2618

INTERNATIONAL CLASSIFICATION

CLAIMED

G06T19/20

G06T7/33

GO6N3/04

GO6N3/08

CPCONLY

NON-CLAIMED

US ORIGINAL CLASSIFICATION

CLASS

SUBCLASS

CROSS REFERENCES(S)

CLASS

SUBCLASS (ONE SUBCLASS PER BLOCK)

NONE

(Assistant Examiner)

Total Claims Allowed:

(Date) 19

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

(Primary Examiner)

19 March 2020

O.G. Print Claim(s) | O.G. Print Figure

(Date) 1 1

U.S. Patent and Trademark Office

Part of Paper No.: 20200319
Page 2 of 3
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Application/Control No. Applicant(s)/Patent Under Reexamination

Issue Classification | 4057 566 Sommerlade et al.

H || H“| Examiner Art Unit
JASON A PRINGLE-PARKER 2618

O Claims renumbered in the same order as presented by applicant (J CPA (O T.D. {J R.1.47
CLAIMS

Final |Original|Final OriginaI|FinaI Original|Final |Original|Final OriginallFinaI OriginallFinaI Original|Final |Original
1 1 9 10 19 28 17 37
2 10 11 20 29 18 38
2 3 11 12 21 30 19 39
3 4 13 22 31
4 5 12 14 23 14 32
5 6 15 24 16 33
6 7 16 25 34
7 8 17 26 35
8 9 13 18 15 27 36
NONE
Total Claims Allowed:
(Assistant Examiner) (Date) 19
/JASON A PRINGLE-PARKER/ 19 March 2020 . . -
Primary Examiner, Art Unit 2618 O.G. Print Claim(s) | O.G. Print Figure
(Primary Examiner) (Date) 1 1
U.S. Patent and Trademark Office Part of Paper No.: 20200319
Page 3 of 3
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EAST Search History

EAST Search History
EAST Search History (Prior Art)

Ref iHits Search Query DBs Default i{Plurals {Time
# Operator Stamp
L1 @1 input ADJ2 patch WITH target ADJ2 us- OR ON 2020/03/19
feature PGPUB; 10:44
USPAT
L2 0 interativ$4 WITH render$4 WITH us- OR ON 2020/03/19
algorithm PGPUB; 10:44
USPAT
L3 1186 iterativ$4 WITH render$4 WITH algorithm {{US- OR ON 2020/03/19
PGPUB; 10:44
USPAT
4 31 reference ADJ2 data WITH compress$4 uUs- OR ON 2020/03/19
ADJ2 representat$4 PGPUB; 10:59
USPAT
L5 95 first ADJ2 neural ADJ2 network WITH UsS- OR ON 2020/03/19
algorithm SAME second ADJ2 neural ADJ2 PGPUB; 11:00
network USPAT
L6 31 ("20020013691" | "20030197779" | us- OR ON 2020/03/19
"20030218672" | "20050053274" | PGPUB; 11:01
"20070019882" | "20070244606" | USPAT
"20110199460" | "20120105486" |
"20120219180" | "20120223956" |
"20120236133" | "20130070046" |
"20130076853" | "20130163659" |
"20140016871" | "20140267584" |
"20150077526" | "20150269737" |
"20150339512" | "20160125227" |
"20160196465" | "20170134720" |
I

"20170364149" | "20180035886"
"6283858" | "9224060" | "9224248" |
"9378574" | "9740282" | "9872007" |
"9986812").PN.

S1 i1 "16057566" us- OR ON 2019/11/08
PGPUB; 10:41
USPAT
S2 16 ((("SOMMERLADE") near3 ("Eric")) OR us- OR ON 2019/11/08
(("NEOPHYTOU") near3 PGPUB; 10:41
("Alexandros"))).INV. USPAT;
USOCR;
EPO; JPO;
DERWENT
S3 16 ((("SOMMERLADE") near3 ("Eric")) OR us- OR ON 2019/11/08
(("NEOPHYTOU") near3 PGPUB; 10:41
("Alexandros"))).INV. USPAT;
USOCR;
EPO; JPO;
DERWENT
S4 697 real ADJ2 time SAME (eye OR gaze) SAME {US- OR ON 2019/11/08
(meeting OR conferenc$4) PGPUB; 11:09
USPAT
S5 #35 real ADJ2 time SAME (eye OR gaze) WITH {{US- OR ON 2019/11/08

file:///C/Users/jparker4/Documents/e-Red%20Folder/16057566/EAST SearchHistory. 16057566 _AccessibleVersion. htm[3/19/2020 11:07:.01 AM]
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EAST Search History

GO6F11/1474 OR GO6F16/164 OR
GO6F16/168 OR GO6F16/25 OR
GO6F16/29 OR GO6F16/444 OR
GO6F17/11 OR GO6F17/50 OR
GO6F17/5036 OR GO6F1/3265 OR
GO6F2009/4557 OR GO6F2009/45591 OR
GO6F2009/45595 OR GO6F2201/805 OR
GO6F2201/85 OR GO6F2217/78 OR
GO6F3/013 OR GO6F3/015 OR GO6F3/016
OR G06F3/04812 OR GO6F3/04815 OR
GO6F3/0484 OR GO6F3/04842 OR
GO6F3/04845 OR GO6F3/04847 OR
GO6F3/0485 OR GO6F3/0487 OR
GO6F3/12 OR GO6F8/30 OR GO6F8/38 OR
GO6F9/453 OR GO6F9/45558 OR
GO6F9/4856 OR GO6F9/505 OR
GO6F9/5077 OR GO6F9/5083 OR
GO6F9/5088 OR GO6F9/541 OR
GO6F9/547 OR GO6T19/20 OR
G06T2207/30201 OR GO6T13/40 OR
GO6T15/005 OR GO6T15/04 OR
G06T17/10 OR GO6T17/20 OR GO6T11/60
OR G06T19/006 OR G06T2210/16 OR
G06T7/11 OR GO6T7/90 OR GO6T17/205
OR G06T1/0007 OR G06T19/00 OR
G06T19/003 OR G06T2207/10024 OR
G06T2215/16 OR GO6T3/40 OR
G06T7/251 OR G06T7/73 OR GO6T11/00
OR G06T11/001 OR G06T11/40 OR
G06T15/02 OR GO6T15/10 OR GO6T15/80
OR G06T17/00 OR GO6T17/05 OR

(chang$4 OR adjust$4 OR modify$4) PGPUB; 11:10
SAME (meeting OR conferenc$4) USPAT
S6 1214 i(head OR face) AND input ADJ2 patch us- OR ON 2019/11/08
PGPUB; 11:43
USPAT
S7 169 (head OR face) AND input ADJ2 patch uUs- OR ON 2019/11/08
SAME output ADJ2 patch PGPUB; 11:43
USPAT
S8 40 ("2017/0195662").URPN. USPAT OR ON 2019/11/08
11:44
S9 14 ("2013/0076853").URPN. USPAT OR ON 2019/11/08
11:47
S10 29 ("2012/0223956").URPN. USPAT OR ON 2019/11/08
11:57
S11 4 ("20050147955" | "20060239591" | us- OR ON 2019/11/08
"20120223956" | "7392204").PN. OR PGPUB; 11:59
("9378574").URPN. USPAT;
USOCR
S12 {5014 \ireal ADJ2 time SAME (cosmetic OR make {US- OR ON 2019/11/08
ADJ2 up) PGPUB; 11:59
USPAT;
USOCR
S13 11280 iireal ADJ2 time WITH (cosmetic OR make {US- OR ON 2019/11/08
ADJ2 up) PGPUB; 11:59
USPAT;
USOCR
S14 4304 iS13 AND ( (GO6F17/5009 OR GO6F16/54 iiUS- OR ON 2019/11/08
OR GO6F9/5072 OR GO6F3/011 OR PGPUB; 12:00
GO6F16/258 OR GO6F3/04817 OR USPAT;
GO6F3/0482 OR GO6F11/1441 OR USOCR

file:///C/Users/jparker4/Documents/e-Red%20Folder/16057566/EAST SearchHistory. 16057566 _AccessibleVersion. htm[3/19/2020 11:07:.01 AM]
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EAST Search History

G06T2200/24 OR G06T2207/10016 OR
G06T2207/10021 OR G06T2207/20081 OR
G06T2207/20221 OR G06T2207/30088 OR
G06T2210/32 OR G06T2210/36 OR
G06T2219/2004 OR G06T2219/2016 OR
G06T7/0012 OR G06T7/0014 OR
G06T7/174 OR GO6T7/40 OR GO6T7/55
OR G06T7/75).CPC. )

GO6F3/061 OR GO6F3/0619 OR
GO6F3/064 OR GO6F3/0647 OR
GO6F3/0665 OR GO6F3/0673 OR
GO6F3/0679 OR GO6F3/0683 OR
GO6F3/0689 OR GO6F9/3887 OR
GO6F9/4401 OR GO6F9/5072 OR
GO6F11/141 OR GO6F11/3414 OR
GO6F12/0862 OR GO6F12/0893 OR
GO6F12/10 OR GO6F12/109 OR
GO6F13/161 OR GO6F13/1668 OR
GO6F13/1694 OR GO6F13/4022 OR
GO6F13/4068 OR GO6F13/409 OR
GO6F13/42 OR GO6F13/4282 OR
GO6F15/8061 OR GO6F16/182 OR
GO6F16/9014 OR GO6F17/16 OR
GO6F1/183 OR GO6F21/602 OR
GO6F2207/4824 OR GO6F2209/5019 OR
GO6F2209/5022 OR GO6F2212/1008 OR
GO6F2212/1024 OR GO6F2212/1041 OR
GO6F2212/1044 OR GO6F2212/152 OR
GO6F2212/202 OR GO6F2212/401 OR
GO6F2212/402 OR GO6F2212/7207 OR
GO6F3/0482 OR GO6F3/0604 OR
GO6F3/0611 OR GO6F3/0613 OR
GO6F3/0616 OR GO6F3/0625 OR
GO6F3/0629 OR GO6F3/0638 OR
GO6F3/0643 OR GO6F3/0644 OR

S15 42 "20160125227" us- OR ON 2019/11/08
PGPUB; 12:17
USPAT
S16 {41 real ADJ2 time WITH (cosmetic OR make {{US- OR ON 2019/11/08
ADJ2 up) AND machine ADJ2 learning PGPUB; 12:47
AND (neural ADJ2 network OR vector USPAT;
ADJ2 machine OR adversarial) USOCR
S17 {6738 iicompressed ADJ2 representation us- OR ON 2019/11/08
PGPUB; 13:59
USPAT
S18 i1 regression ADJ2 fern WITH cluster ADJ2  {US- OR ON 2019/11/08
centre PGPUB; 14:01
USPAT
S19 {4 regression ADJ2 fern us- OR ON 2019/11/08
PGPUB; 14:01
USPAT
S20 182 machine ADJ2 learning WITH look ADJ2 us- OR ON 2019/11/08
up ADJ2 table PGPUB; 14:04
USPAT;
USOCR
S21 {38768 {icompress$4 WITH instructions us- OR ON 2019/11/08
PGPUB; 14:15
USPAT
S22 #6045 S21 AND ( (GO6F3/067 OR GO6F3/0659 us- OR ON 2019/11/08
OR GO6F3/0631 OR GO6F3/0653 OR PGPUB; 14:16
GO6F12/1408 OR GO6F3/0608 OR USPAT

file:///C/Users/jparker4/Documents/e-Red%20Folder/16057566/EAST SearchHistory. 16057566 _AccessibleVersion. htm[3/19/2020 11:07:.01 AM]
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EAST Search History

GO6F3/065 OR GO6F3/0655 OR
GO6F3/0658 OR GO6F3/0664 OR
GO6F3/0688 OR GO6F8/65 OR
GO6F9/30021 OR GO6FS/30036 OR
GO6F9/466 OR GO6F9/5016 OR
GO6F9/5044 OR GO6F9/505 OR
GO6F9/5077 OR GO6F9/544 OR
GO6F11/10 OR GO6F11/1469 OR
GO6F11/3664 OR GO6F11/3688 OR
GO6F11/3692 OR GO6F16/221 OR
GO6F16/2282 OR GO6F16/2322 OR
GO6F16/24578 OR GO6F16/252 OR
GO6F16/258 OR GO6F16/27 OR
GO6F16/285 OR GO6F16/743 OR
GO6F16/904 OR GO6F16/9577 OR
GO6F17/18 OR GO6F17/2247 OR
GO6F17/2252 OR GO6F17/2288 OR
GO6F17/5036 OR GO6F1/20 OR
GO6F1/3231 OR GO6F2009/45579 OR
GO6F2009/45583 OR GO6F21/36 OR
GO6F21/60 OR GO6F21/604 OR
GO6F21/606 OR GO6F21/6245 OR
GO6F21/6272 OR GO6F21/629 OR
GO6F2201/805 OR GO6F2212/1052 OR
GO6F3/0605 OR GO6F3/0626 OR
GO6F3/0634 OR GO6F3/0635 OR
GO6F3/0641 OR GO6F3/0652 OR
GO6F3/0661 OR GO6F3/0685 OR
GO6F7/483 OR GO6F7/4876 OR
GO6F8/4441 OR GO6F8/61 OR GO6F8/654
OR GO6F8/658 OR GO6F8/71 OR
GO6F9/30025 OR GO6FS/30032 OR
GO6F9/3004 OR GO6FS/30043 OR
GO6F9/30072 OR GO6F9/30079 OR
GO6F9/30087 OR GO6FS/30181 OR
GO6F9/3834 OR GO6F9/3857 OR
GO6F9/45558 OR GO6F9/50 OR
GO6F9/5027 OR GO6F9/52 OR GO6T9/00
OR G06T1/0007 OR G06T1/60 OR
G06T2207/10036 OR G06T2207/20021 OR
G06T2207/20024 OR GO6T7/223).CPC. )

S23 2979 iicompress$4 WITH instructions SAME us- OR ON 2019/11/08
(reduc$4) PGPUB; 14:28
USPAT
S24 1596 iicompress$4 WITH instructions WITH us- OR ON 2019/11/08
(reduc$4) PGPUB; 14:29
USPAT
S25 1324  iicompress$4 ADJ4 instructions WITH us- OR ON 2019/11/08
(reduc$4) PGPUB; 14:29
USPAT
S26 1 compress$4 ADJ4 instructions WITH us- OR ON 2019/11/08
(reduc$4) AND machine ADJ2 learning PGPUB; 14:30
USPAT

EAST Search History (Interference)

Ref jiHits {Search Query DBs {Default iPlurals {Time
# Operator Stamp
L7 420 H((("SOMMERLADE") near3 ("Eric")) OR us- OR ON 2020/03/19
(("NEOPHYTOU") near3 ("Alexandros"))).INV. {{PGPUB; 11:03
USPAT
L8 44 ijreal ADJ2 time WITH (cosmetic OR make ADJ2 {US-  HOR 4ON 2020/03/19;

file:///C/Users/jparker4/Documents/e-Red%20Folder/16057566/EAST SearchHistory. 16057566 _AccessibleVersion. htm[3/19/2020 11:07:.01 AM]
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EAST Search History

up) AND machine ADJ2 learning AND (neural PGPUB; 11:04
ADJ2 network OR vector ADJ2 machine OR USPAT
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citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO

Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPQO Standard ST.16 if possible. ® Applicant is to place a check mark here if|
English language translation is attached.
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Application Number 16057566
Filing Date 2018-08-07

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

First Named Inventor ‘ Eric Sommerlade
Art Unit | 2618
Examiner Name ‘ PRINGLE-PARKER, JASON A

Attorney Docket Number | 409001

CERTIFICATION STATEMENT

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

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

OR

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

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

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

X A certification statement is not submitted herewith.

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

Signature {Charles Yang/ Date (YYYY-MM-DD) 2020-03-05

Name/Print Charles Yang Registration Number b2059

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S5.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1874 (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. 532) and the Privacy Act (5 U.S.C. 352a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

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

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

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

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

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

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

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

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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1
METHOD AND SYSTEM FOR CORRECTING GAZE OFFSET

~ This appiicationvciaims the benefit of priority from U.S. Patent Application No.
61/348.269, filed May 26, 2010, the contents of which are incorporated by reference as
if fully set forth herein,

FIELD AND BACKGROUND QF THE INVENTION

The present invention, in some cimbodiments thereof, refates 1o image processing

and, move particulardy, bul not exclusively, to a method and system for processing an
image to correct gaze offset.

Videoconferencing sysiems hold the promise of allowing a natural interpersonal
conunupication at a range. Recent advances in video quality and the adaptation of large.
high definition screens are contributing to a more impressive user experience. A

'A}Gng with gestures and facial expression, gaze is one of the most important
aspects of person's non-verbal behavior, and many socio-psychological studies have
been aifested to the importance bbof the gaze dirsction and vissal contact as
communicative signals. In the case of conventionpal videocomfercnce systems, the
arrangement of camera, mouitor and user causes an angular error between the gaze
direction towards the monitor and the camera optical axis. As a result, when the remote
party is looking straight into the image of the local party, the gazes, as percetved by the
two patties, are not collinear. For example, when camera is located on top of the screen,
the effect is interpreted as looking down.

Swamt solutions have been proposed to the problem of offset gaze in
videoconferencing.  Oue such solution employs a beam splitter between camera and
monitor. A partially transparent mirror is fitted in front of the monitor in such a way
that the viewer can see the monitor image through the mirror. ‘.By mieans of this mirror,
the camera captures the viewer from the direction of the monitor, permitting recording
aud reproduction over one axis. ‘

Some techniques reproduce the image of the other party by a video projectoron a

projection screen. The camera can be located behind the projection screen and the
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party s image can be captured through the screen by means of a window provided with 2
Hght valve ora parha}}v transparent projection screen.

Another technigue employs view synthesis from multiple cameras. In one such
technique, dynamic pmgrammmg, y based disparity estimation is used to generate a middle
view from two cameras that were pmm(med on the left and right sides of the screen {A.

“Cripninist, 1. Shotton, A. Blake, and P. H. 8. Torr. Gaze manipulation ierpne»to~one
teleconferencing. In ICCV, 2003]. ‘

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

virtual three-dimensional space, and a head-pose orientation ahd eye-grze direction are
digitally corrected as infernal mathematical computations without the need for a display
device.  The digitally correcied data are transmitted to a display screen so that a
_ particular participant's image in the three-dimensional space appears to other pasticipants
viewing the screen as if the particular participant was looking at them screen {see, e.g,
Gemmell ef al., "Gaze awamness for video-conferencing: A softwate approach,” IEEE
MultiMedia, 2000, and U.S. Patent No. 6,806,898]. '

In another techaigue, a gaze deviation valwe is determined and used for
calculating a corresponding point of an input image corresponding to a particular
- position in a corrected image. A pixel value at the corresponding point is calculaled
using the input image from the caméra. The gaze corrected umnage is iransmi;ted by
using the caleulated pixel value as the pixel valve of the particular position of the
corrected image [U.S. Patent No. 6,677,980,

Also known is a region filling technique in which the pupﬁs of the other party in
the image plane are segmented and displaced in the fmage plane, wherein areas which
become free as a result of this displacement are filled-in tsing the color of the eyebalis
[U.S. Patent No. 5,499,303]. a

Additional background Art includes U.S. Patent Nov. 6,433, eSQ and 6,771,303,

SUMMARY OF THE INVENTION

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

provided 2 method of correcting gaze offset in an image of at least one individual having
eyes. The method comprises: processing the image 1o extract location of at least one eye

over the image, processing the image to replace imagery data associated with cach
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3
location of each eve with replacement data thershy providing a comrected image, and
transmitting the corrected image to a display device. The replacement data is preferably
previously-recorded imagery data which respectively cortespond to the same eye but a
different gaze. : _

3 According to some embodiments of the invention the methad comprises, prior {0
the extraction of the locations, capturing at Jeast one image of gach of the at least one
individual at one or more predefermined gazes, thereby providing the previousty-
recorded data. - .

According to some embodiments of the invention the method comprises

10 processing the previousiy-recorded data so as to compute eye parameters wherein the
replacing 18 based on the computed parameters.

According to some embodiments of the invention the corputation of the

| pammetaré is boutstrapﬁed using a non-specific database of eye images.

Accaiding to some embodiments of the invention the method comprises applying

15 a worphological transformation to the previously-recorded data according to the

| parameters. ‘ »

Acx:o‘rdiﬂg, to some embodiments of the invention the invention the wethod
comprises varying the parameters $0 as to optimize a predetermined objective function
describing matching between the replacement data and images in the non-specific

20 database. |

| According 1o some etabodiments of the invention the method comprises varying
the parameters 0 as to optimize a predetermined objective function describing matching
between the replacement data and the imagery data associated with the location of the
eye. '

25 According 1o some embodiments of the ihvention the method comprises, for each
eye, determining whether an eyc}i{i of the éye is close or open, wherein the imagery data
is replaced with the replacement data only if the eyelid is open.

According to same embodiments of the invention the method comprises, for cach
eye, determining 4 characteristic gaze disectioh of the eye, whercin the imagery data is

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

predetermined gaze dirsction.

Microsoft Exhibit 1002 - Page 70
Microsoft Corporation v. RealD Spark, LLC
IPR2023-01046 - U.S. Patent No. 10,740,985



WO 2811/138366 PCTALI /000334

4
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 sach corrected image is characterized by a different gaze, and transmitting sach
5 corrected image to a different display device.

According to some embodiments of the invention the method comprises for each
cye, determining a characteristic gaze direction of the eye, wherein the at least one
additional corrected Image is generated responsively to the determined characteristic
gaze direction. ' '

10 According to an aspect of some embodiments of the present invention there s
provided a computer software product, comprising a computer-readable medinm in
which program instructions are stored. The instructions, when read by a processer,
cause the processer 1o pﬁmess the image so as to extract locations of at least one eye

over the image, fo provide a corrected tmage by replacing imagery data associated with

-
in

each location of each eye with replacement data and to transmit the corrected image to a
display device. The replacement data are preferably previously-recorded tmagery data
respectively éorresy@nding io the same eye but a different gaze.

According fo an aspect of some embodivoents of the present invention thete is
provided an imaging system, The ima ging system comprises: {a} a camera for capturing
2¢  an image of at least one individual having eyes; and (b) a processer configured for:

processing the image s as fo extract locations of at least one eye over the image,

. processing the image to replace imagery data associated with each location of sach 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 previously-recorded imagery data respectively corresponding to the same eye but a
different gaze '

Aa:ording io some embodiments of the invention the previously-recorded
imagery data are processed by the processor so as to compute eye paramelers wherein
the imagerj' data are replaced based on the computed parameters.

30 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 previousiy-recorded
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
the processor so as to opfimize a predelernmined objective function describing matching
between the replaced data and the replacement data. k

According to some embodiments of the invention the image is processed by the
’processlor to determine whether an eyelid of the eye is close or open, and wherein the
imagery data is replaced with the replacement data only if the eyelid is open.

Acgording to some embodiments of the invention the image is processed by the
processor {o determine a characteristic gaze direction of the eve wherein the imagery
data is replaced with the replacement data ogly if the characteristic gaze direction is
other than a predets:iminad gaze direction.

According to same embodiments of the invention the image Is processed by the
processor to replace imager;»* data associated with each location of each eye with
additional replacement data to provide at least one additional corrected image, such that
cach corrected image 18 characterized by a different gaze, and fransmitting each
corrected image to a different display device.

According to some embodiments-of the invention the image is processed by the
processor to determine a charactesistic gaze direction of the eye, wherein the at feast '_onc
additional corrected image is geﬁg:rated vesponsively 1o the delermined chargcteristic
gaze direction.

According to some embodiments of the invention the extraction of the locations
comprises, for each eye: detecting eve comners, defining a region-of-interest based on the
corners 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 the replacement of the huagery data t:bmprises searching over the specific
database for the previously-recorded imagery data. |

According to some embodiments of the invention the  search comprises

comparing imagery data of the image with imagery data entries in the specific database,
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: 6 .
determining a similarily level responsively to the comparison, and selecting the
previously-recorded imagery data based on the similarity fevel,

According 1o some embodiments of the invention the image is a frame of a video
stream.

According to some embodiments of the inventioh the replacement data are
selected from a specific database acéo:diug to an optimization procedure which
comprises a first dbj@c{ivé function for reducing differences between the replacemaent
data and replacement data of a previous frame, and a sccond objective function for
reducing differences between the replacement data and replacemest data of a frame
immediately following an eyelid opening of the respective eye.

Unless otherwise defined, all technical andfor scientific terms used herein have:
the same meaning as commonly understood by one of ordinary skill in the ant 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,
exemplary methods and}or‘ materials are described below. In case of couflict, the patent
specification, including definttions, will control. In addition, the materials, methods, and
s;ﬁmnples are illustrative only and are not intended fo be necessarily limiting,

hoplementation of the method and/or system of embodiments of the invention
can involve performing or completing selecled tasks mamsally, aulomatically, or a
combination thereof. Moreover, according to actual instrumentation and equipment of
embodiments of the sethod and/or system of the invention, several selected tasks could
be implemented by bardware, by software or by firmwase or by a combination thereof
using a0 operating system, '

For example, hardware for performing selected tasks sccording to embodiinenis
of the iavention could be implemented as a Chip or a circuit. As software, selected tasks
according to embodiments of the invention could be implemented as a plurality of
software instructions being executed by a cempﬁter using any suitable bperating system.
In an exemplary embodiment of the invention, one or more tasks according to exenplary
embodiments of method :,and.lér system as described herein are performed by a data
processor, such as a computing platfoom for execoting a plurdity of instructions.
Optionally, the data processor includes a volatile memory for storing instructions andfor

data andfor @ non-volatile storage, for example, a magnetic hard-digk and/or removable
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7
media, for storing instructions and/or data. Optionally, a network connection is provided
as well, A display and/or a user input device such as a keyboard or mouse are optionaily

provided as well.

'BRIEF DESCRIPTION OF THE DRAWINGS

Some embodiments of the inventian. are herein descﬁbéd, by way of example
only, with reference to the sccompanying 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
this regard, the description taken with the drawings makes apparent to those skilled in
the art how embodiments of the invention may be practiced.

In the drawings:

FIG. 1 is a flowchart diagram of a method suitable for cbrrecting gaze offset in
an image of one or more individuals, according to various exemplary embodiments of
the éresent mvention; |

FIGs. 2A-D are schematic iHustrations of imagery data representing an offset
gaze (FiGs. 2A and 2C) and replacement imagery data representing a corrected gaze
(FIGs. 2B and 2D), acmrding o varipus exemplary embodiments of the present
invention;

FiGs. 2B-G are schematic Hlustrations of embodiments of the invention in which
gaze correction is used for mudtidateral conferencing; _

CFIG.3isa ﬁ()wdmn diagram of a method suitable for cmﬁtcting gaze offsct in‘
an optiénal erbodiment of the invention in which the method also caplures the
replacement data; V

FIG. 4 is a flowchart diagram of a method suitable for correcting géze. offset in

~ embodiments of the invention in which the method comprises one or more additional

optional operations;

FIG. § is a schematic iHlustration 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 the present invention;

Microsoft Exhibit 1002 - Page 74
Microsoft Corporation v. RealD Spark, LLC
IPR2023-01046 - U.S. Patent No. 10,740,985



10

15

WO 20117148366 POTL201 1600334
8

FIG. 7 is a flowchart dingram illostrating & procedure suifable for constructing an
anpotated specific database, according to some snbodiments of the present invention;

FIG. 8 is a schematic illustration of an imaging system 80, according fo various
exemplary ermmbodiments of the preseat invention;

FIGs. 9A-D shows four tmages of two individuals captured during experiments
performed according to some embodiments of the present invention; '

FIGs. 10A-D show samples of successful (FIGs. 10A-C) and unsuccessful (FIG.
10D) facial feature points detection obtained by eye corner localization, according to
some embodiments of the present invention; _

FIGs. 11A-F show initially fitted model {red) and refined madel obtained by a

search procedure (green) as obtained in experiments performed according m“ some

- embaodiments of the present invention;

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

~ vaginus exemplary embodiments of the present invention;

FIGs, 13A-D demonstrates an eye teplacement procedurs employed  in
experiments performed according to some embaodiments of the present invention; and
. FIG. 14 shows several frames from some of the video sequences processed in

experiments performed according to some embodiments of the present invention.

DESCRIPTION OF SPECIFIC EMBODIMENTS OF THE INVENTION

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

and, more particularly, but not exclusively, t0 a method and system for processing an
image 1o correct gaze offset. \ . _

Before explaining at least one embodiment of the invention in detail, it is to be
understood that the invention is not necessarily limited in its application to the details of
construction and the arrangement of the components and/or methods set forth in the
following description andfor illustrated in the drawings and/or the Examples. The
invention is capable of other embodiments or of being practiced or carried out in various
WaYS. | |

FIGS. 1, 3 and 4 are flowchart diagrams of a method suitable for correcting gaze
offset in an image of one or more individuals, according to various exemplary

embodiments of the present tnvention.
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Competer programs implementing the method of this invention can commonly
be distributed to users on a distribution medivm such as, but not limited to, a floppy
disk, a CD-ROM, a flash memory device and a portabie' hard drive.  From the
distribution medium, the ccmimt&r programs can be copied to a hard disk or a similar
intermediate siorage medium, The compulfer programs can be run-by loading the
computer instructions cither from their distribution medium or their intermediate storage
medium into the execution memory of the computer, configuring the compter {0 act in
accordance with the method of this invention. Al these operations are well-known to
those skilled in the art of computer systems.

The method of the .pre‘sem embodiments can be embodied in many forms, For
-example, it can be embodied in on a tangible medium such as a computer for performing
the method steps. It can be embodied on a compuler readable medium, comprising
computer readable instructions for carrying out the method operations. In can also he
embaodied in electronic device having digital computer capabilities arranged (0 run the
computer program on the fangible medium or execute the instruction on a computer
readable medium. ‘ '

it is to be understood that, unless otherwise defined, the operations described
hereinbelow can be execuled either confemporancously or sequentially i many
combinations or orders of cxecution. Spﬁcific;iliy, the ordering of the flowchart
diagrams is not to he considered as limiting, For example, two or more operations,
appearing in the following description or in the flowchart diagramas in a particular oxder,
can be executed in a differemt order (eg, a reverse order) ar substantially
contemporaneously. Additionally, several operations described below are optional and
may not be executed. '

The image is in the form of imagery data wrranged pridwise in a plurality (}f.
picture-clements (e.g., pixels, group of pixels, efc.). '

‘The term "pixel” is sometimes abbreviated herein to indicate a picture~clement.

. However, this is not intended to limit the meaning of the term "picture~-clement” which

vefers 1o a unit of the composition of an fmage.
References to an "image" herein are, inter alia, references to values af picture-
elements treated collectively as an array. Thus, the term "image” as used herein also

enconipasses & mathematical object which does not necessarily correspond to a physical
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object. The original and processed itmages certainly do correspond to physical objects

which are the scene from which the imaging 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 exeinpiary embodiments of the invention the method of the present
embodiments analyzes a stream of imaging data. The siream can be in the form of a
series of images or a series 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 anadysis,
For example, the images can be acquired by a video camera. A émgls inrage in a stream
of images such as a video stream is referred to as a frame. |

The picture-clements of the images are associated with intensity values
preferably, but not necessarily, at different colors. ‘

Ideally, the input 0 the method is the amount of light as a furiction” of the
wavelength of the light at each poin% of a scene. This ideal input is rarely attainable in
practical svstems, Therefore, the scope of the present embodiments inchides the
processing of a sampled version of the scene, Specifically, the input to the method of
the pméent embodiments is digital sigoals resolvable to discrate intensity values at cach
pixel over the ;grid,‘ Thus, the grid samples the scene, wnd the discrete intensity values
saraple the amount of light. The epdate rate of the images in the stréam provides an
additional sampling in the time domain.

Each pixel in the image can be associated with a single intensity value, in which
case the image i3 'a grayscale image. Altornatively and preferably, cach pixel is
associated with three or more intensily values sampling the amount of light at three or
more different color channels {e.g., red, green and blue) in which case the image is a
color image, Also contemplated are iinages in which each pixel is associated with a
mantissa for each color channels and a common exponent (e, the so-called RGBE -
format). Such images are known as "high dynamic range” images,

A_ The method of the present embodiments corrects a gaze 0ffse§ in an image using
previously-recorded imagery data which correspond to other image or images. Herein,
the image in which the gaze offset is to be corrected is referred to as the “image 190,"
and the image corresponding (o the previousty-recorded imagery daty is referred fo as

“image 50." Oftentimes, for clarity of presentation, the terms "currently processed
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tmage” or "original image” will be used instead of "image 100, and “replacement

image" will be used instead of "image 50,7

Referring now to FIG. 1, the method begins at 10 and continves to 11 at which
image 100 is processed to extract locations of one or more of the eyes over image 100.
The Jocations of the eyes can be extracied using any known image processing technique
for automatic extraction of features from an image. A preferred technique for exiracting
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
data associated with each Jocation of each eye 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 forward gaze, while the
gaze characterizing the rep}aéed data is offset with respect to the forward gare.

The situation is ilustrated in FIGS. 2A-D. FIG. 2A illustrates 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

- 2 straight line conneciing the retina’s macula and the optical ceater of the cornea. The

gare direction is better shown in FIG. 2C which illustrates a side view of eye 20, As
shown, gaze direction 22 is directed downward & an angle «, relative to the borizontal
direction. FIGS. 2B and 2D illustrate a front view (FIG. 2B} and a side view (FIG, 2D)
of the same cye 20 at a gaze direction 24, which is different from gaze direction 22. In
the illustrations of FIGS, 2B and 2D the gaze is directed forwardly along the horizontal
direction. Thas, FIG. 2A (or FIG. 2C) represents the Imagery data of the original image
(image 100) and FIG. 2B (or FIG. 2D} represents the respective replacement data. The
image corresponding to the replacement data is desigoated 50 in FIGS. 2B and 2D.
Typically, image 100 includes a front view of the eyes, but the use of the method
of the present embodiments for non-frontal views (e.g, side view images) is not
exe?-uﬁad from the scope of the present invention. E is to be understood ﬂlat although
FIGS., 2A-D illustrate a situation in which a downward gaze is rﬂpiaced with a forward
gaze, this necd not necessarily be the case, siace the original image may includes a gaze

directed to another direction {e.g., upward or fo the sides). Furthermore, for some
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application it may be desired to have replacement data that correspond (0 a non-forward
gaze. In various exemplary embodiments of the invention the gaze in the replacement
data is substantially collincar with the optical axis of the imaging device that captures
the eyes.b | ‘ .
| Typically, the replacement data are stored on a computt.r readable medivm as a
cmnpﬂtar-acmssible specific database of imagery data, and the method accesses the
database for obtaining the replacement data. The database is "specific” in the sense that
it includes images {or imagery data representing images) of the eyes of the same
individual(s) that appear in the currently processed tmage (fmage 100},

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 1. Once the respective imagery data in fmage 100 is replaced with the
replacement data, a corrected image is formed.

The term "corrected image” refors to an image in which the gaze of at least one
eye in the image differs from the gaze of the same cye at the time of image capture.

. The replacement of the data may optiopally include one or more of the following
operations: artificial enlargement of the eyes (e.g., by a factor of 5-15%), adjustment of
fmage lumination and application of a processes known as "feathering” particulaly o
the border of the replacement image. A preferred procedure for replacing the daia in the

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

follows. Optionally, two or more corrected images, each characterized by a different

gaze direction, are formed. This cmbadime-m iz particularly useful, for example, for
multilateral videoconferencing as further detailed hereinafter.

The method continues o 14 at which the corrected troage s transmitied 0 2
display device. The transmission is typically over a commusication network to a remote
location in which a remote display device receives the corected image and displays it.
‘When more than one corrected image is formed, each corrected image can be transmitied
toa di‘fff:rt:ht display device.

The method ends at 18,

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

correcting gaze offset, as delinsated hercinabove and fo accordance with the present
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embodiments, 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
s corrected according to some embodiments of the present invention 50 as to provide the
other participants with a nateral view of the given participant. The system and method
can be used in bilateral as well as multilateral videoconferencing.
_ For bilateral videoconferencing, the system and methad 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 svstem and method preferably provides
more than one gaze corrected images of the local participant. The situation is better
explained with reference to FIGS. 2B-G.  Consider a \lwideuccmfe_rencmg with three
13 par.tir:i.pénis P1, P2 and P3. In FIG. 2K, participant P1 is local (seen from the back) and
participants P2 and P2 are sitwated at remote locatiops. Images of P1 and P2 are
transmitied 1o one or more display devices which are viewed by P1. FIG. 2E is similar
to FIG. 2B except that P2 is Jocal {scen from the back) and is viewing images of P2 and
P23 which are situated at remote locations. FIG. 2F is also similar to FIG. 2E except that
20 P3islocal and is viewing images of remote participaats P1 and P2.
Referring to FIG. 2E, suppose that P1is Ic»okjng at P2 along gaze direction 22,
In this case, the system and method accﬁrdi.ng to some embodiments of the present
inveﬁtiﬂn generate two gaze corrected images of P1. In the first corrected image, P1 i
seen as if hie or she were looking into the camera. This corrected image i3 transmitted to

23 P2 location, as illustrated in FIG. 2F where the first corrected gaze of P1 g indicated

&

by arrow 24a. In the second corrected image, P1 is scen as if he or she wers looking
leftward, This corrected image is tfansmittcd to P3, as illustrated in FIG. 2G, where the
“second corrected gaze of P1 is indicated by arrow 24b. As shown in FIG. 2G,; P1 is seen
to P3 as if he or she were looking in the direction of P2, thus creating an Hlusion of a

3 face to face mesting.
The method and system of the present embodiments can also ?f{)éuces images of

a virtual conference room and transmit them {o the display devices of the participants,
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The virtual conference room can include images of participants and optionally also
three~dimensional models of computer graphics representing, for exmmple, a table and
the inside of the conference room. Preferably, when each participant is arranged at its
respective position in the virtual conference room, each participant Qﬁas the virtual
conference room from a location at which the participant is arranged. Accordingly, the
irmage of the virtual conference room which is viewed 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
intages of one of the participants, e.g., locally via a data processor which can be lacated
anywhere but is typically located at the respective pasticipant's location, or they can be

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

participants via a central data processor.

‘When the methed and system are emiployed for correcting fmages of more than
one of the participants, non-corrected images as well as specific databases can be
transmitted to a contral location 1o allow the method and/or system generating the
corrected images of two or more {2.g, all} participants at the central location, and
distribute them among the conference display devices. The central location can be a
incation which is remote with respect to all participants, or i can be the location of one
of the participants (and remote with respect to all other participants).

FIG. 3 illustrates’ the method in an ‘optional embodiment of the invention in
which the method also captores 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 g one or more predelermined gazes, for example, a forward gage, a

sideward gaze and a gaze having a gaze direction which is substantislly collinear with

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

captured at 31 are used as replacement data.

The method optiopally and preferably proceeds to 32 at which the cap;ured
replacement data is stored in e computer readable medium so as to form a computer-
accessible specific database. A preferred procedure for constructing a cdmputer-
accessilile specific database according o some embodiments of the present invention is
provided herelnunder with reference to FIG. 7. At 33 the method recelves tmage 100,

From 33 the method continues 11, 12, 14 and 15 as forther detailed hereinabove.
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FIG. 4 illustrates the method in embodiments of the invention in which one or
more additional optional operations are employed.
The method begins at 10 and optionally and preferably continues fo 31 at which
one or more images of each of the individuals are captured at one or more predetermined

gazes to form replacement data, and 32 at which the replacement dats 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 characterizing the eyes represented
by the data. The eye parameters are preferably also stored in the specific databass such
as to form an annotated specific database, wherein cach image in the database is
annotated by a respective set of parameters.

The eye parameters can be compuied according to a predetermined eye model.-
Representative examples of eve parameters suitable for the presemt embodiménts
inctude, but are not limited to, the location of the center of the eye relative (o one of the
corners of the eye, the location of a corner of the eye relative 1o another comer of the
eye, orientation of the eye, width of the eye, height of the eye above z line connecting
the corners of the eye, height of the eye below the line connecting the corners of the eye,
paramsté:fs defining one or more curved sections (e.g., parabola, hyperbola, ellipsis)
conjointly modeling the boundary of the eve, the radius of the iris, efc.

A tepresentative non-limiting example of an eye model suitable for the present
__emﬁndiments is Hlustrated in FIG. 5. A rectangle system of coordinate is defined over
an image iﬁ) which includes eye 20, such that the axes x and y of the system are parallel
{0 the image gridlines (not shown) and the origin O(D, 0} is defined at one of the corners
of the eye (the leftrost comner in the present example). The antipodal comer (the
rightmost corner in the present example) is marked A, and the straight line segment
conmecting the two corners is referred to hereinbelow as the QA tine scgménL The eye
model defines the shape of the hmaged eye in terms of six parameterss the center (Xe,
Y} of the eye (middle point of OA), the width w of the eye (length of QA), a first height
by measwred perpendicularly to and above 04, a second height hy messured
perpendicularly to and below OA; and an angle 0 déscribing the ori:mtétio:n of OA
{measured anticlockwise relative 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 ef al. "Feature extraction from faces
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using deformable templates,” International Journal of Computer Vision, 82, 99-111

{1992); and Tian et al, "Dual-state parametric eve tracking" in Automatic Face and

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

incorporated by reference}. . '

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

serve for comparing the respective data in the currently processed image (image 100)

with the replacement data (e 2., thc eyes in the specific database).

At 33 the method reéceives image ‘1{}(} for processing and at 11 the method
extracts the locations of the eyes over image 100 as described above and further detailed
hereinnader with reference to FIG. 6. The method optionally continues to decision 42 at
which the method determines whether or not the eyelid 26 of eye 20 is close or open. In
other words, at 42 the method atterapts to determine whether or not the individual(s) in
image 100 is in a blink state. The determination can be based on the results of extraction
11. For example, the method can determine that the eyelid is close when the method
fails to identify the 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 (fe, when the extraction of eye’s
location is successful), ' '

If the eyelid is close, the method loops back to 33, waits to receive another image
for processing {e.g., the successive frame of the video stmaxﬁ} and continues thercafter

to 11, If the eyelid is apen, the method optionally continues to decision 44 at which the

“method determines a characteristic gaze direction of the eye and decides, based on the

characteristic gaze, whether or not there is a gaze offsel. A gaze offset is defined as a

gaze having a direction other than a predetenmined gaze direction.  Preferably the

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

captured image 100.

If the method identifies that the gaze is geoverally at the predetermived gaze

~ direction {i.e., there is no gaze offset) the method loops back to 33, wails to receive

another image for processing (eg.. the successive frame of the video stream) and
continues thereafter to 13, If the method determines that the gaze direction substantially
deviates from the predetermined gaze direction (for example, deviation of more than 5°)

a gaze offset is identified and the method optionally continues to 45.
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The gaze direction can be determined by any technique known in the art. In
some embodiments of the present invention, a machineéleam'ing procedure is used. The
machine-learning procedure can be trained, preferably prior to the execution of the
method, on a collection of training images each being annotated with a gaze direction, to
provide a trained gaze direction classifier. Once trained, the gaze direction classifier can
be applied to the previously-recorded data (image 50) to thereby extract the gaze
direction characterizing imagﬁ 50. Since image 50 corresponds to the desired gaze
direction, the gaze direction as obfained by the classifier from image 50 can be used as
the predetermined gaze direction for the purpose of decision 44 N

In embodiments in which a specific database is employed, the classifier 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
180 (or some region-of-interest theveof) 10 obtain the gaze direction of insage 100. If the
gaze direction of image 100 is pot within the ranged characterizing the specific database,
the method delermines that there is a gaze offset. Otherwise, the method determines 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
preferably according fo the same eve model that is used for computing the parameters
for image 50. For example, when a six-parameter eye model {e.g., the model iltustrated
in FIG. 5) is used for characterizing image 50, the same six-parameter eye model s wsed
for characterizing the eyes in image 100. .

| The parameters as computed at 45 can also be used for determining whether or
not the eyelid is open. In these embodiments, 45 is executed before decision 42 and the
decision at 42 is by imposing a predetermined set of criteria to the compuied parameters.
For example, when the parameters includes one or more height parameters measured
perpendicularly to the | straight line mnﬁecﬁng the corners of the eyes {eg., the
aforementioned heights Ay and Az) the method can delenmine that the eyelid is close
when the value of each of the height parameters is below a predetermined threshold or
when the sum of two or more height parameters is below a predetermined threshold, A

suitable threshold for this embodiment of the invention is about 3 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 close when both &y dnd ks are less than 2 pixels.

The methed optionally continues to 46 at which the corputer-accessible specific
database is searched for replacement data ihat matches the eyes in image 106,
Typically, such éearch inchudes comparison he{waén the imagery data of image 18 with
imagery data entries in the database and determination of a similacity level responsively
to the comparison, The replacement data can then be selected based on the calcalated
similarity fevel. Typically, the data with highest similarity level is selected. |

Any type of similarity measure can be employed for calculating the similarity
fevel during the comparison. In some embodinents of the present invention normalized
cross correlation is wsed. |

The comparison can also be dome in terms of the computed eye model
param&ters; wherein the eye model parameters as computed for image 100 are compared
with the eye parameters as computed for image 50. In these embodiments, the search
over the specific database is performed in a3 multidimensional space spanned -by‘ the eye~
model parameters. For example, when an n—par&metér eye model is employed, the
sea:ch.is conducted in au a-dimensional space, o

The method optionally continues to 47 at which a morphological transformation
is applied to the replacement data according to the eye model parameters. This

transtormation is preferably executed so as to rescale image 50 to fit the eye in image

106, The transformation can include amy of translation, rotation, stretching and

shrinking. For exainpls, when the six-pai’amctcr eye model of FIG, § is used (both for
image 50 and image 100), the center can be shifted by the differences in the respective

X and Yo values, the widih w can be scaled by the ratio of the respective w values, the -

. regions sbove and below the QA line segment can be stretched or shrunk in accordancs

with the respective /i and %o values, and the entire replacement eve image can be rotated
by the difference in the respective 8 values. The transformation can alse be part of the
search over the database. Specifically, the transformation can be appiiéa:i to each
candidate eye in the database and the comparison can be made between the
morphologically transformed candidate eve and the eve of the currently processed

Unage.
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When image 160 is a frame of a video stream, the search for best matching eves

in the database can also be based on the results of previous searches. For example, the
replacement 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, preferably by conducting a further
search in the database, so as o obtain a better match. The search can include a
combined optimization procedure which comprises a first objective function for
reducing differences between the replacement data and replacement data of the previous
frame and a second objective function for reducing differences befween the replacement
data and replacement dafa of a frame immediately following an eyelid opening. The

present inventors discovered that such combined optimization procedure reduces drift

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

for pra\?enting the eye to gradually shrink. For the first and second objactive functions,
any statistical moment can be used, such as, but ‘not limited to, sum of squared
differences. |

The metﬁod optionally continues to 48 at which the paramsters of the eye in
image 50 (the replacement data) are varied so as to optimize & predetermined objective
function {e.g., normalized cross correlation)‘ describing matching between the eye in
image 100 and the eye in image 50. The method continues to 49 at which, imagery data
associated with each location of each eye is replaced with the matched, and optionally
varted, replacement data, to provide a corrected image.

Optionally, more than one corrected image Is formed, where sach comrected
image is characterized by a different gaze. The gaze of sach corrected image can be
selected responsively to the gaze as determined (e.g., using the trained classifier) for the
original image. For example, when the method is employed for multilateral
videoconferencing, the gaze of the original imape can be analyzed W determine to which
of the participants on the local display eyes 20 are directed. Then, for each of the
displayed périicipamts, a correcled image with a different gaze is formed, e.g., a
corrected image with a forward gaze for the locked-at participant, and a corrected image
with a sideward gaze 10 the other participants, as explained hereinabove and exemplified
in FIGS. 2BE-G. '

The method continwes 10 14 at which the. corsected image or images is

trapsmitted to a display device or display devices, as further detailed hereinabove.
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The method ends at 18,
Reference is now made to FHG. 6 which is a flowchart diagram illustrating a

procedure suitable for extracting the locations of an eve an image, according o some

embodiments of the present invention. The procedure is particularly useful for

extracting the locations of the eyes in image 100 or image 58, Thus, the procedure can
be used for executing operation 11 of the embodiments described 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 Q and A in FIG, 5) are detected. This can be dons using any image

processing tec:hniquﬁ.kmwn in the art. In some embodiments of the present invention
the procedure smplovs the technique disclosed in Bveringham ez al., "Hello! My name
i5... Buffy' - automatic naming of characters in TV video,” In BMVC, 2006, the contents
of which arg hereby incorporated by reference, or some variant thereof. '
The procedure continues 0 62 at wﬁich a region-of-interest is defined using the
twos detected corners, In various exemplary embodiments of the invention a rectangular
region-of-interest is defined.  Tor example, the region-of-interest can be a rectangle
whose width apémximatefy eqmﬂs 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
present inventors a rectangular region-of-interest having dimensions of 1.2wx0.6w Wits
ased. The mgionwﬂf—ini:émst was defined such that the OA line segment (! see FIG. )
passed through the center of the rectangle parallel to its longest dimension.  Other

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

‘the scope of the present invention.

The procedure continues to 63 at which the region-of-interest is scaled to
predetermined dirensions. In the experiments performed by the present inventors, the
rectangniar ‘reginn;nfuimerest 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. '

Refesence is now made to FIG. 7 which is a flowchart disgram illustrating a
procedure suitable for constructing a specific database, sccording to some cmbodiments
of the present invention. The procedure can be used for executing upe::raﬁon,s 31 and 32

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

captured for at Jeast one individual at one or more predetermined gares. The gaze(s) can
be a forward gaze, a sideward gaze, a gaze having a gaze direction which is substantially
collinear with the optical axis of the imaging device (hat captures individual(s) efe. The

5 following operations are preferably performed for each image in the set.

The procedure continues to 72 at which the location of each eve is extracted from
the respective image of the set. This is preferably executed by means of the procedure
described sbove with reference to FIG. 6. Thus, eye corners ave detected and region-of-
interests are defiped and scaled as further detailed hereinabove.

10 - The procedure then continues to 73 at which the respective image is processed so
as to extract unage 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 employed. This representation is known in
the art and is found, e.g., in U.S. Patent No. US Patent 6,713,293, the contents of which

15 are hereby incorporated by reference.

While the embodiments below are described with a particular emphasis (0 the
SIFT representation, it is o be understood that more detailed reference to SIFT is not to
be interpreted as limiting the scope of the invention in any way, and that other
representations, including, without limitation, gray values in the region-of-imterest, are

20 . not excluded.  Also contemplated are combinations of representations for befter
acCuracy.

The SIFT deseriptors can be computed over & dense grid for the scaled region-of-
interest. Iﬁ experiments performed by the present fnventors, a 64 grid was employed,
but other grid deasities are sot excluded from the scope of the present invention. Once

235 all the SIFT descriptors are computed, they are preferably concatenated into a vector.

At 74 the extracted features {e.g., the vector of SIFT descripiors) are fed to a
maching learning alporithm for computing approximated eye parameters according to a
predetermined eve model; sach as the aforementioned six-parameter model or any eye
model known in the art. In various exemplary embodiments of the invention the

30 ocmputatiﬁﬁ of approximated cyc parameters is bootstrapped by means of an annotated
non-specific database of imagery data. The database is "son-specific” in the sense that it

includes images {or imagery data representing images) of eyes of several individuals
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which are not necessarily the individual(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 each image in the non-specific database is associated with a |

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

. experiments performed by the present inventors, 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 seope of the present invention.

10 Let i be some image captured at ’;’i. The machine learming algorithm accesses
the annotated pon-specific database and compares the features {as extrauiéd at 73} of
image i to features in the images of the non-specific datibase.  Based on this
comparison, the machine learning algorithm computes the approximated eye parameters
of image & In various cxemplary embodiments of the invention the procedure selects

15 from the non-specific database an image [ which best matches image 7.

Any type of machine learning al gorithm can be used. Preferably, the machine
learning algorithm features supervised learning. Representative examples of machine
learning algorithm suitable for the present embﬁdimems inciude, without Hmitation,
support vector machine (SVM) regression, nearest neighbor classifier and the Hke.

20 These types of machine learning algorithms are known in the att and are found, eg., in
U.S. Patent Nos. 6,892,193 and 6,134,344 and US. Published Application No.
20080187213, the contents of which are hereby incorporated by reference.

The procedure then continues 1o 76 at which the paramelers are varied so as to
optimize a predetermined objective fumction {e.g.. normalized cross correlation)

25 describing matching hetween the respective image of the set {captured at 71) and the
images in the 'nmx*épecific database.  In various cxemplary embodiments of the
invention the objective function describes matching between image { of the set and
image j of the non-specific database. This operation is preferably préccd_ﬂd by a
morphological transformation 78 selected 80 as to rescale image § to it image {. The

3¢ morphological transformation 18 preferably applied according o the eye model
parameters, as further detailed hereinabove.

The procedure ends at 77.
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Reference is now made to FIG. 8 which is a schematic illustration of sn imaging
gystem 88, 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 26, and a processer 86 configured for processing the image 50 as to extract
focations of the eyes m&:r the mage and replace imagery data associated with each
focation of each eye with replacement data as further detailed hereinabove. Processor 86
can also be configured for transmitting the corrected image to a remote digplay device

(not shown). System 80 can also include @ local display device or monitor 99 for

presenting individual 84 with a view of an image of another individual {not shown) at a

remots location. In ope application of system 80, camera 82 captures an image or 3
stream of images of individual 84 while he or she is Jooking into monitor 99, Since
individual 84 is looking into monitor 90 and not camera 82, there is a gare offsef ia the
captured image or images. Processor 86 corrects the gaze offset and iransmits the
corrected image(s) {0 one or more remote display devices. In the corrected image(s),
individual 84 is seen as if he or she were looking into camera 82 {e.g., at & forward

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

* the present invention, system 80 constructs a computer-accessible specific database of

replaceinent imagery data. In these embodiments, camera 82 captuzes a sel of images
and processor 86 processes these images for constructing the specific database, as
further detailed bercinabave.

Processor 86 can be &upplemcnted by a computer software product, which
comprises a computer-readable medium 88 in which program instructions are 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 program ipstructions can also

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

As used hersin the tenn “abont” refers to £ 10 %,

The word "exemplary" is used herein to mean "serving as an example, instance
or ilustration."  Asny embodiment described as "exemplary” is not necessarily to be
construed as preferred or advantageouns over other embodiments and/or to exclude the

incosporation of features from other embodiments,
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The word "optionally” is used berein to ywean "is provided in scme embodiments
and not pmvide.d. in vther embodiments.” Any particular embodiment of the invention
may include a plurality of "optional" featuses unless such features conflict.

The terms “comprises”, "wmpnsmg", "includes”, mcfudmg," « hswmg” and their
c:{mjutralss mean "including but pot Himited to",

The term "consisting of" means “including and lmited to™.

The term “consisting es»m}uaﬂy of* means that the composition, meihnd or
structure may include additional ingredients, steps and/or parts, but only if the additional
ingredicnts, steps andfor parts do not materially alter the basic and novel characteristics
of the claimed composition, method or structure. '

As used berein, the singolar form "a", “an" and “the” include piural r:,it:rmoes
unless the contexi clearly dictates otherwise. For example, the ferm Ya compound” or "at
least ope compound” may include a plurality of compounds, including mixtures thereof.

Throughout this application, various embodiments of this invention may be

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

is merely for convenience and brevity and should not be construed as an inflexible

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

be considered to have specifically disclosed all the possible subranges as well as

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

as from 1 to 6 should be considered to have specifically disclosed subranges such as
from 1 to 3, from 1t 4, from Lo 5, from 2 to 4, from 2 to &, from 3 {o 6 ete., as well as

individual numbers within that range, for example, 1, 2, 3, 4, §, and 6. This applics

regardiess of the breadth of the range.

Whenever a numerical range is indicated herein, it is meant to include any cited
numeral (fractional or integral} within the indicated range. The phrases “ranging/ranges
between” a first indicate number and a second indicate number and “rangingfranges

Big oo 2

from™” a first indicate number “to” a second indicate number are used hersin

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

the fractional and integral numerals therebetween.

It is appreciated that cerfain features of the invention, which are, for clarity,

described in the context of separate embodiments, may also be provided in combination
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in a single embodiment. Conversely, various features of the invention, which are, for

brevity, described in the context of a single cmbodiment, may also be provided

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

embodiment nf'iﬁe invention. Certain features described in the -context of various

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

the embodiment is inoperative without those elements.

Various . embodimenis and aspects of the present invention as delincated
bereinabove and as claimed in the claims section below find experimental support in the

following examples.

EXAMPLES

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

descriptions fllusirate some embodiments of the invention in a non Hmiting fashion,
Prototype System jor Videoconferencing

‘A protatype systemn for correcting gaze offset was constructed according to some
embodiments of the present invention. In éxperimeﬁtts performed using the systens, the
system successfully replaced the eves of 2 person in a video stream with eyes that look
straight ahead. - Eyes were captured at an initial . training stage. During the
videoconferencing scssion, the system found énd tracked the eyes. In gvery frame, the
eyes captured during training were accurately pasted to create an illusion of straight-
looking gare. ‘

FIGS. 9A-D shows fouwr images of two individuals captured during the
experiments. FIGS. 9A and 9D are control images in which the respective individual
was captured al a forward gaze, and FIGS. 9B and 9C are images which were corrected
by the prototype system and in accordance with prefesred embodiments of the present
invention. Surprisingly, the resulting effect of replacing the eyes‘ alone locked natural.

The prototype system included an eye detector for receiving an image of a face
and refurning an accurate position of the eye. Once eye location was detected, it was
3‘epiacé.d 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 israges to eye model
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paramelers, using a non-specific database of annotated images, This stage was followed
with & refinement stage.
The experiments included three stages, as follows, In a first stage, reforred to as
"offline {raining”, a rough eve pose eslimation was leamned from the annotated non-
'S5 specific database, This database was'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 carpera. This
allowed the system to construct a specific database of direct gaze fmages. In a thicd
stage the sysiem detected the location of the eve 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,
In the offline training stage, the direct gaze models were learncd based on
previous annotated sxamples. These examples were stored in a non-specific database
that was used to bootstrap the runtime system. I cmsi;fstcd 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 coustructed. Given images of a
new person looking dircctly into the camers, the closest eye in the non-specific database
was retrieved and then served as an initial guess as to the ayé parameters in ihe new .
20 image. These paramelers were then adapted to provide 2 more accurate estimation.

Jln the thind stage, the parameters of the eyes in the viden were estimated by
matching the image lo the eyes of the person when looking straight. The illumination
was corrected, and a replacement was performed. ' '

Foih)wmg is & more detailed description of the expérimcnts.

-

Iraining

S
My

Giver a video of a person looking directly inlo the camers, the eye parameters
were found by the system. This was done for sach. frame independently, therchy
collecting pairs of §traigi:i locking cves of that person. The localization of the corners of
the eyes was achieved using the method of Everingham er @l , sspra, which describes the

30 geometric distribution of facial features as a tree-structured mixture of Gaussians [P. F.

1w

Pelzenszwalb and D. P. Huttenlocher, "Pictorial structures for object recognition,
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LV, 20035] and captures appesarance by Haar-wavelet like features [P. Viola and M. -
Jones, "Robust real-time face detection,” In CVPR, velume 2, page 747, 2001}

Once the corners of the cyes were localized, a rectangular region-of-interest
which approximately captures the eye regions was constructed for each eye. Let w be
the distance between the fwo corners of the eye (see FIG. 5). The rectangle of f:-aé.h eye
was a combination of a strip of width ; = 0.3w above the line scgment OA (see FIG. 5)
and of a strip of width hy = 03w below this line. Each region-of-interest was scaled to
an image of 120x80 pixels. Then, SIFT descriptors were computed at 24 evenly spaced
points in the stretched image.

FIGS. 10A-C show samples of successful facial feature points detection obtained
by eye corner localization. The region-of-interest around the eves are murked by a black
rectangle.  FIG. 10D shows an example of & failure case in' detection. For such cases,
the last model of an open eye was used to initialize the eye prode] search process.

From the non-specific database of manually annotated eyes, the left and right
eyes with the closest appearance descriptor were selected. This yielded an approximate
medel. In Leave-One-Person-Owut 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 _wfdth of the eye.

Tables 1 and 2 below present the regression results for the feft and right eyes,
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 rec{&ngie resized to 120 pixels times 80 pixels. Also compared

are two machine learning algorithms: SVM Regression and Nearest Neighbor, As

shown, SIFT obtained preferable performance, especially for the Nearest Neighbor

classifier.
’ Table 1
parameter gray values SIFT
RN VM RN Y
X 436 +3.62 | 30823 | 302247 | 308423
Ye 435296 | 384+202 | 273418 | 3234272
W 7835616 | 6.86 1651 | 6.95£6.52 | 6.47%6.79
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i 13798225 . éﬁéﬁ‘éigg 358£3.04 | 335+228
ky 3525293 | 2034251 | 2454172 | 268+ 2.56,
B 0.10+£0.06 | 008004 | 008 £0.06 | 0.07 %005
Table 2
bzif‘allzet(;r 7777777 gray values SIFT
NN SUM NN SVM
Xe 369299 | 749£4.66 | 376306 | 5.7244.42
Ye 3621289 | 301+2.62 | 2842201 | 2.91£254
" 803626 | 613447 | 5.24%448 | 581 +4589
i 3285277 | 594 £24 | 235%189 | 289%237
i SEET88 | A05T L7l | ARE5.04 | 2055191
8- 0.07+005 | 0D6£005 | 0076+0.05 | 0.06+0.05

This initial model was then refined by performing 3 Jocal search in the space of

the 6 parameters. The search was condected in a range of twice the average errot in
5 cach parameter, and in a coarse to fine manger.

For each set of candidate parameter values, the closest eye in the non-specific
database was iranslated, rotated é.nd stretched in accordance with the difference in
parameters. The center was shifted by. the different in Xo and Y¢, the width was scaled
by the ratio of the w values, the regions sbove and below the ling connecting the two

10 corpers wese strelched in sccordance with Ay and Ay respectively, and the database eye
image was rotated by the difference in the § values between the database tmage and the
candidate parameter value.

As a matching score, the normalized cross corelation measure between the
warped database eye and the cye in the new direetly looking frame was wsed. The

13 region-of-interest for this comparison was the region of the eye, slightly ahlargeﬁ? and
not a rectangular frame.

A threshold was used to determine cases in which the search for eve parameters
failed to produce good database to image matches. Typically, the pracess successtully

produced one pair of eyes for 80 % of the frames in the training video.
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Table 3 below sumimarizes the mean (& standard deviation) error in pixels for

gach 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 | Lefteve Right eye

Xc 2.04 £1.80 1758152
Yo 1.86 £1.72 1.60:£2.02

w £.66 £5.03 4.29+£3.70

y 3.68 £3.42 2.54:+£1.93

hy 222 £1.95 220:1.83

g .08 +0.06 0.06+0.04

Runtime

During runtime, the systern replaced frames whenever the evelid was open.
During blinks, no replacement was done.  Immediately after a blink, the system is
reinitialized and started -simiiarly to the first frame in the video steam. Remarkably, the

lack of intervention during blink frames did not seem to reduce the quality of the

. resulting video.

In the first frame (or first frame after a blink), the best niatching set of eyes were
scarched for. This was done by using the novmalized comelation measurements to
compare the learned eye models {0 an eye shaped region-of-interest situated between the
corners of the eyes and at é width of 0.7w. Notice that SIFT descriptors were not used at
runtime, since the goal was to find eyes that were similar in appearahcé., $0 as {0 prevent
or at least reduce artifacts during replacement. '

© Once the closest direct icyoking pair of eyes was found, they where morphed in
order to better fit the pew frame. This was done by searching in the six dimensional
parameter space, similarly to the search performed during training. The search
performed during runtime for all frames ather than the first frame after a blink included
calculation of sum of sguared differences {SSD}.' Note that this is unlike the training
phase and the first frame after a blink where the normatized cross correlation matching

soore was used. , :
FIGS. 11A-F show initially fitted model (red) and refined model obtained by the

search procedure {green). During the specific database construction, the initial guess
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was the nearest neighbor (for each eye separately) in the SIFT feature space from among
ihe training examples of the non-specific database (FIG. 11A). In the first frame of the
videoconferencing session, the initial guess for each eye was the highest correlated
example in the specific database (FIG. 11B). In the tracking phase, the initial guess was
the eye-madel of the previous frame (FIG. 11C). FIG. 1D depicts the two eyes (from
two different individuals) from the non-specific database that were used as an initial
guess for the eye model of FIG. 11A. The {ottial models for FIG. 11B were taken from
FIG. 11E which shows an entry of the specific database. ‘The initial model for FIG. 11C
was taken from the previous video frame shown in FIG, 11F

The eve parameters were estimated for every frame in the video stream. Given a
new frame, the eye parameters of the previous frame serve ag an initial guess, and a
search was once again mnducteci as a refinement process. The maiching score was
composed of two componests. One component considered the sum of squared
differences (S8D) betwesn the eye in the current frame and the eye in the previous
frame, where the Iatter was warped to the new frame in accordance with thu difference in
the eye parameters. Another component considered the SSD between the cument eye
and the warped eye from the first frame. _

SSD was used sipce illwmination changes between consecutive frames were
expected to be small and since it was convepient to combine multiple SSD scores. The
combined cosi form minimired drift over time, snd reduced accumulation of small
trac}cing errors. A poticeable example would be for the eye to gradually shrink, as
shown i FIGS. 12A-D. FIGS. 12A and 12C show result of eye replacement after
tracking the eye model while only considering the previous frame, and FIGS. 12B and
12D show result of eye replacement affer tracking the eye model while considering both
the previous frame and the first frame. As shown, the eve tonds to shrinks without the
first frame consideration.

In cases in which the search process performed during tracking failed, a blink
was declared, and the system entersd a blink mode. While in this mode, the eye
parameters were not adapt, and no eve replacement took place. During every blink
frame; tracking based on the last detected eye model was attempted. Once this tracking
was successful for hoth cyes for at least 2 consecutive frames, the blink state was

terminated.
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The first frame after the blink mode was {reated as if it was the first frame of the
video sequence. This allowed the system 1o move (0 a niore suitable sel of eves, In
cases in which the eye comer detector fatled, the Tast model of an open eye was used to
initialize the eye model search process. Although the pair of replacement eyes used

5 between two suecessive blinks did not change, this effect was vonoticeable.

The eye replacement was done by pasting the warped set of model éyes onto the
eye location in the image. The warping was done in order to adjust the pasameters of the
model eyes to the parameters of the actual eyes in the video frame. In order to eliminate
artifacts, several optional operations were taken.

16 in ope such optional operat‘i(m, the eves were enlarged by a factor of 10 % in the
vertical direction. This compensated for underestimation of the height of the eve due to
the change in gare between the model eyes snd the actual gyes. In addition, this
operation ensured that there were no residue pixels from the original eye.

Anotfmr such optional operation was adjustment of image llumination. To this

15 - end, a low pass quotient image was applied [T, Riklin-Raviv and A. Shashua, “The
quotient image: Class based recoguition and synthesis under varving illumination
conditions,” In CVPR, }.999§ Lin er al, "Expressive expression mapping with ratio
images." In SIGGRAPH, 2001; and Wang er al, "Face reiight%n'g from a single image
under arbitrary unknown lighting ccnditians,“ PAMI, 31(11):1968-1984, 2009; Bitouk

W et al, "Face swapping: auéomatically replacing faces in pholographs,” In SIGGRAPH,
2008]. For both the original pixels t0 be replaced and the new eye 10 be pasted, the
illumination was estimated by fitting a third order polynomial to the image data [R.

- Basti and D. Jacobs, "Lambertian reflectance and linear sebspaces,” PAMI, 25(23218~
233, Feb 2003] |

25 Denote the Red value of pixel {x, ¥) in the original video frame as 1™ (i‘,y), and

the vaﬂms in the pasted eye image as If%x,y}. et 1 Rm(x, y} and fi?(_"} {x, ¥} be the.

corresponding values of the fitted low-order paiymmialz

3 3 _
L3 Saten
i.m{’} =
X D o) i
Iy 7 (%)= Z Zﬁ;ﬁ;}xl}“
=0 =0
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Pl

The fitting was done to each of the three chanpels R, G and B ﬁeoarait,ly using a
least square system of equations (10 snknown PBs per image per channel).
Using quotient image re-illumination, the new imaga values werg given by:

1,2 (x,y)

2 (x,y)

An additional optional operation included a featheting technique in which on a

1,0 (x,9) =17 (%, y)

strip of about 10 pixels surrounding the replaced region, blending with linear weights
was performed between the old image and the pasted eve.

FIGS. 13A-D demonstrates the eye replacement procedure and the optional
operations. FIG. 13A shows the original image of the éy; to be replaced. FIG. 13B
shows eye replacement without the quotient image re-illumination stage. As shown, the
highlight on the left eye lid of the subject is not eonsistent with the fnput image. FIG.

13C shows eye replacement with the quotient image but without feathering.  As shown,

. the highlight was removed, but additional edges were created around the right eye. FIG.

13D shows eye replacement with both quotient image and feathering. As showsn, the

iltumiination was cofrected and the spurious edges were suppressed by feathering.

‘Resulis

The syéiﬁm was tested on a number of sequences, All s&@uen’ms were captured
at 1280 x 1024 pixels at 25 frames per second. The non-specific database cousisted of
about 200 images of 14 iﬁdividuals with manually annotated eye models. At the
beginning of the videoconferencing session, each user was asked to look straight at the
camera for a couple of seconds. - These frames were used o 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 seguences that were
processed. In cach image pair of FIG. 14, the left image is the original image and the
right image is the modified image. The top right pair of Im&“'ﬁb and the left pair uf
images of the fifth row show cases in which the system &utomatxcaih detected a hhnk
and did not modify the image. _

The prototype systern of the presem embodiments also mainiained a high level of
ternporal consistency with no flickering. In other words, the eye did not change its size

from frame to frame.
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Although the invention has been described in conjunction with specific

embodiments tﬁareuf, it is evident that mémy alternatives, modifications and variations

will be appareni to thosé skilled in the art, Accordingly, it is intended to embrace all

such alternatives, modifications and variations that fall within the spiril and broad scope
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 application was specifically and
individually indicated to be incorporated herein by reference. In addition, citation or
identification of any reference in this application shall sol be construed as an admission
that such reference is ax;ailabie as prior art to the present invention. Te the extent that

section headings are used, they should not be construed as necessarily Hmiting.
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WHAT IS CLAIMED 18: '

1 A metﬁmd of correcting gave offset in an image of at least ong indiviéual
having eyes, comprising: |

processing the image so a8 to sxiract Jocation of at least one sye over the image;

processing the image to replace imagery data associated with each location of
each eye with replacement data, said replacement datz being previously-recorded
imagery data which respectively correspond to the same eye but a different gaxe, thereby
providing a corrected image: and ‘

transmitting said corected image to a display device,

2. - The method of claim 1, further compsising, prior to said extraction of said
locations, capturing st least one image of each of the at least one individual at one or

more predetermined gazes, thereby providing said previmustchwréeé data.

3 The method according to any of claims 1 and 2, fwther comprising
processing said previously-recorded data so as to compute eye parameters wherein said

replacing is based on said computed parameters.

4. The method of claim 3, whercin said computation of said parameters is

hootstrapped uSimg a non-speeific database of eye images.

3 The method according fo any of clabms 3 and 4, further comprising
applving & morphological transformation to said previousty-recorded data according to

said parameters.

8. The method according to claim 4, further comprising varying said
parameters so as to optimize a predetermined objective function describing matching

between satd replacement data and images in said non-specific database.

1. The method according to any of claims 3-6, further comprising varying

said parameters so as o optimize a predetermined objective function describing
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matching between said replacement data and said imagery data associated with said

ocation of said eye.

8. The method according to any of claims 1-6, further comprising, for each
eye, determining whether an evelid of said eye is close or open, wherein said imagery

data is replaced with said replacement data only if said eyelid is open.

o The method according to any of claims 1-8, further comprising, for each
eye, determining a characteristic gaze direction of said eye, wherein said imagery data is
replaced with said replacement data only if said paze direction is other than a

predetermined gaze direction.

10. The method according to any of claims 1-8, further comprising,
processing the image to replace magery data associaled with each location of each gye
with additional replacement data to provide at least one additional corrected image such
that each cmrected image is characterized by a different gaze, and transmitting each

corrected image to a different display device.

11, The method according to claim 10, further comprising for ecach eye,
determining a characleristic gaze direction of said eye, wherein said at least one
additional corrected image is generated respoosively to said determined chavacteristic

gaze direction.

2. A computer software broduct, comprising & computer-readable medium
in which program instructions are stored, which instructions, when read by a processer,
cause the processer o précess the image 50 as to extract locations of at least one eye
over the image, W provide a corrected image by replacing imagéfy data associated with
zach location of each eye with replacement data being previously-recorded imagery data
mspe-ctivéiy cormspénding to the same eye bt a different gaze, and to frapsmit said

corrected image to a display device,
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13, An imaging system, comprising: _

(#) - a camera for capturing an image of at least one individual having eyes;

and
(b} aprocesser configured for:

processing the image S0 as to extract Jocations of at least one eye over the image,

processing the image to replace imagery data associsted with sach location of '
each cye with replacement data being previously-recorded imagery data respectively
corregsponding to the same cye but a different gaze, thereby providing u corrected image;
and

trapsimitting said corrected image to 1 display device.

14, The compuler software product or system of claim 13, whercin said
previously-recorded imagery data are processed by the processor 8o 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 pon-specific database

of eye images.

16, The compuder softveare product or system according to any of claims 14
and 15, wherein said previously-recorded data are transformed by said processor using a

maorphological fransformation according to said parameters.
P B 2 I

17..  The computer software product or system according to any of claims 14-
16, wherein said parameters are varicd by said processor so as io optimize a
predetermined objective function describing matching between said replaced data and

said replacement data.

18.  'The computer software product or system according to any of clamms 12-
17, wherein the image is processed by said processor to determine whether an eyelid of
said eve is close 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-

18, 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 than 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 cach eye with additional replacement data o pmvitﬁe at least one
additional corrected image, such that sach corrected image is characterized by a different

gaze, and transmiiting cach corrected image to a different display device.

21, The computer software product or system according to claim 20, wherein
© the image is processed by said processor to determine a charscteristic gaze direction of
said eye, wherein said at least one additional corrected image is generated responsively

to said determined characteristic gaze direction.

» 22.  The method, computer software product or system according o any of
claims 1-19, wherein gaid extraction of said locations comprises, for cach eye: detecting
eye corners, defining a region-of-interest based on said corners and scaling said region-

of-intorest to predetermined dimension.

23.  The method, computer softwate product or system according to any of
claims 1-22, wherein said previousty-recorded imagery data 18 stored in 2 mmputew :
accessible specific database of imagery date, and wherein said replacement of said‘
agery data‘campriséé searching over satd specific database for said previously-

recorded tmagery data.

24, The method, computer software product or system of claim 23, wherein
satd searching comprises comparing imagery data of the image Wwith imagery data entries
in said specific database, determining a similarity level responsively o said comparison,

and selecting said previoasiy-recorded imagery data based on said shmilarity level
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25, The method, compuier software product or system according to any of

claims 1-6, wherein said image is 3 frame of a video stream.

26.  The method, computer software product or system of claim 23, whersin
s;iid replacement data are sclected from a specific database according to ap optimization
procedure which combrises a first objective function for reducing differences between
said ‘fepiawms:m data and replacement data of a previous frame, and a second objective
function for reducing differences between said replacement data and replacement data of

a frame immediately following an cyelid 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.

Background

Background - Increase in quality of videc and display technology

Developments in display technology have led to significant improvements in the
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” resclution content (typically having a resolution of 1920
x 1080 pixels) have been broadly adopted by consumers. More recently, televisicn
screens able to display Ultra High Definition or “Ultra HD” resolution content {typically
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 & resclution of 720 x 586 pixels or 720 x 480 pixels)
or Standard Definition or “SD” resolution (where the video content only has a resoluticn
of 640 x 480 pixels) Some broadcast channels are limited to SD resclutions. Video-
streaming services can be restricted to operating at DVD-Video or SD resolutions, to
reduce transmission problems where consumers have limitaticns on  available
transmission bandwidth or because of a lack cf legacy content at higher resolutions.

As a result, there can be a lack of sufficiently high-resolution videc content for
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 ‘phenes 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
can be displayed by the latest consumer displays cperating at, for example, Ultra HD

1
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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
resclution than the user’'s default screen/display resolution is not optimal.

Background - Growth in data transmission and network limitations

The amount cf visual data being communicated over data networks such as the
Internet has grown dramatically over time and there is increasing consumer demand for
high-resolution, high gquality, high ficelity visual data content, such as videc 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.

Video data already makes up a significant fraction of all data traffic
communicated over the Internet, and mobile videc (i.e. video transmitted to and from
mobile devices over wireless data networks such as UTMS/CDMA) is predicted to
increase 13-fold petween 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
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-samgple 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
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 propoertion of current
consumer Internet connections are not able to reliably support centinuous streaming of
video at an Ultra HD resolution, so video needs to be streamed at a lower guality or
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
potential bottieneck when streaming video data for video at resolutions higher than HD
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resolutions or virtual reality data and content toffrom contemparary virtual reality devices.
A problem with reducing the resclution 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
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 apgear at a

suboptimal guality when displayed cn higher-resolution screens.

Background — Video Compression Technigues

Existing commonly used video compression technigues, such as H 264 and VP8,
as well as proposed techniques, such as H.285, HEVC and VP9, all generally use
similar approaches and families of compression techniques. These compression
techniques make a trade-off between the guality 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 ccmplexity
of the image sequences.

To illustrate the relationship between bitrate and resolution among other factors,
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 technigue, relates tc the resolution of

that video:

bitrate cc (} x w x h x [x m

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 {1,...,4 1 and a
higher m iIs used for fast-changing hard-to-predict content.

The above formula illustrates the direct relationship between the bitrate and the
quality constant Q. 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 relaticnship between the bitrate and
the complexity of the image sequences, i.e variable m. The aforementioned existing

video cecdecs focus on spalial and temporal compression technigues. The newer
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proposed video compression technigues, such as H.265 HEVC and VP9, seek to
improve upon the motion prediction and intra-frame compression of previcus techniques,
i.e. optimising a value for m.

The above formula further illustrates a direct relationship between the bitrate and
the resclution of the videg, i.e. variables w and h. In order to reduce the resoluticn of
video, several technigues 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
inadequate to deliver large volumes of high guality 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 significant delay due to inadequate computing

resources being available at the location.

Background — Video Upscaling Technigues

To reproduce a video at a higher resclution than that at which it has been
transmitted (e.g. by a streaming service or broadcaster) or provided {e.g. on DVD or via
a video download provider), various ‘upscaling” technigues exist to increase the
resclution of video data/signals, which enhance image quality when starting frcm a lower
resolution image or video and which produce an image or video of a higher resolution

Referring to Figure 14, a conventional upscaling technigue 1400 will now be
described.

Received video data 1410 is provided intc a decoder system and is, for example,
a lower-resolution video encoded in a standard video format, such as an SD resolution
video. This videc format can be a variety of known video codecs, for example such as
H.264 or VP8, but can be any videc data that the system is able to decode into
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 cf 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
(non-changing) features from sequential frames.
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An upscaling technique 1430 is then used on one or more of the fremes or
sections of frames, to increase the resclution of the areas upen which it is used. The
higher resolution frames are then opticnally processed at step 1440 into a format
suitable for cutput as a videc. The video, being composed of higher resolution frames,
will be in the form of a higher resolution video 1450 than the criginal video file.

For example, a basic upscaling technigue 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 videc data by representing an original pixel
of the transmitted video as multiple pixels or a “block” of pixels. The resulting effect is
that the video appears pixelated and in blocks.

Other less basic upscaling techniques use the existing video data to estmate
unknown intermediate pixels between known pixel values in corder to increase the
resolution with a less noticeable loss in quality, these techniques generally known by the
term interpolation, these techniques typically factoring intoc account a weighted average
of known pixels in the vicinity of each unknown intermediate pixel or fit to a curve or ling
to surrounding values and interpolate to the mid-point along the curve or line (e.g.
bicubic or bilinear interpolation). Typically, such upscaling technigues determine values
for the additicnal pixels required to create a higher resolution image by averaging
neighbouring pixels, which creates a blurring effect or other visual artefacts such as
‘ringing” artefacts. Most upscaling techniques use interpolation-based technigues (o
produce higher-resolution versions of received videc 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
art in relation to video or image enhancement. There are many problems with
conventional upscaling technigues. Upscaling technigues that reduce jagged edges tend
to introduce more blur t© an up-scaled videe, for example, while upscaling technigues
that reduce “halos” or “ringing” artefacts tend to make an up-scaled video less sharp.
Further, conventional upscaling technigues are not content-aware or adaptive.
Fundamentally, cenventional upscaling technigues are limited by the Nyquist-Shannon
sampling theorem.

As a result of the disadvantages of current upscaling techniques, the guality 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.

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-
resclution image is not available or is possibly unknowable, and by using super
resoclution technigues it is possible tc make substantial enhancements to the resoclution
of such low-resolution images.

Super resclution techniques allow for the creation of cne or more high-resclution
images, typically from one or more low-resolution images. Typically, super resclution 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.

Super resolution technigues fall predominantly into one of two main fields; optical
super resolution technigues and geometrical super resclution technigques. Optical super
resolution technigues allow an image to exceed the diffraction limit criginally placed on
it, while gecemetrical super resolution technigues increase the resolution from digital
imaging sensors.  In the field of image resclution enhancement, geometrical super
resoclution seems to be the predominant technique.

Further, super resolution approaches are usually split into learning- or example-
based approaches and intergolation-based {multi-frame) approaches. Example based
super resolution techniques are generally accepted to be a superior technigue to
enhance image quality.

One specific super resolution technigue is termed multi-exposure image noise
reduction. This technigue 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 invelves calculating the ‘centre of gravity’ of the distribution of light over several
adjacent pixels and correcting blurring accordingly. However, this technique relies on
the assumption that all light in the image came fram the same source, which is not

always a correct assumption.

Background — Machine Learning Technigues
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Machine learing is the field of study where a computer or computers leam 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 leaming 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,
technigues and/or approaches.

Supervised machine learning is concerned with a computer learning one or more
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.

Reinforcement leaming 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 leaming where a training data set has only been partially labelled.

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 precess Is required to operate to identify implicit
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 dimensicnality 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 neodes in or between clusters (for example
using & technigque referred 1o 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 datumy)

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-
supervised machine leaming makes use of externally provided labels and objective
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functions as well ag 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
a pair of an input signal/vector and a desired cutput value, label (or classification) or
signal. The machine learning algorithm analyses the fraining 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
tyce of dala is to be used as the training data, and to prepare a representative real-world
set of data. The user must however take care to ensure that the training data contains
enough information to accurately predict desired output valuss without providing too
many features {which can result in tco many dimensicns being considered by the
machine learning precess during training, and could also mean that the machine
learning process does not converge to good solutions for all or specific examples). The
user must also determing the desired structure of the learned or generalised function, for
example whether to use support vector machinges or decision trees.

The use of unsupervised or semi-supervised machine learning appreaches 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 leaming algorithms can take
significant periods of time, which delays the utility of machine learning approaches and
also prevents the use of machine learning technigues in a wider field of potential

application.

Background — Machine Learning & Image Super Resoluticn

Te improve the effectiveness of scme super resoluticn techniques, it is possible
to incorperate machine learning, otherwise termed a “learned approach”, into the image
super resolution techniques described above,

For example, one machine leamning approach that can be used for image
enhancement, using dictionary representations for images, is a technique generally
referred to as dicticnary 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
combination of functions drawn frem a collection of atoms referred to as a dictionary. For
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example, a given signal y can be represented as:

V=0Xy Xy -+ w,x,

where x,, .., x,, are the atoms of a dictionary of size n and «,, ... a,, are coefficients such
that Jlall, < A, where A is the sparsity constraint, for example where 2 = 3 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 x, that is identical to y, a dicticnary of
simple atoms can usually be used to reconstruct a wide range of different signals.

In theory, at least k crthogonal atoms are required to fully reconstruct signals in
k-dimensional space. In practice, however, improved results are achieved through using
an over-complete dicticnary where there are n > k atoms and these atoms do not have
to be orthcgonal to one another.

A complete dicticnary means that the number of dicticnary atoms is the same as
the dimensionality of the image palches and that the diclionary atoms are linearly
independent {i.e. all aorthogonal 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
pixel patch is represented by a linear combinaticn 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
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 dicticnary learning process. In comparison with a
predetermined library of representaticns, 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 precetermined 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 tailer 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
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-resclution sections of images (or
“‘patches”). Dictionary learning uses a set of linear representations o represent an image
and, where an over-complete dictionary is used, a plurality of linear representaticns can
be used to represent each image patch to increase the accuracy of the representation.

When using dictionary learning based super resolution technigues, 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 technigues with dictionary
learning, reconstruction models are created to enhance the image based on mapping
the coefficients of the low-resolution dictionary to coefficients in the high-resclution
dicticnary. Various papers describe this, including “On Single Image Scale-Up Using
Sparse-Representations” by R Zeyde et al and published in 2010, “Image super-
resolution via sparse representation” by J. Yang and published in 2010, and “Coupled
Dictionary Training for Image Super-Resoclution” by J. Yang et al and published in 2012,
which are incorporated by reference.

A disadvantage of using dictionary learning based super resolution technigues on
low-resolution images to attempt to recreate the high-resolution image is the need for
two dictionaries, one for the low-resclution image and a separate dictionary for the high-
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 t¢ enable
representaticns to be matched between the twe resclutions 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
transferred along with the low-resoclution image in order to recreate a high-resolution
image from the low-resclution 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

reconstructed image.
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Another further disadvantage of dictionary learning approaches is that it is very

slow and can have high memory reguirements, degending 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 cther marks, blemishes,
defects, and abnormalities in the visual data. These artefacts in visual data can degrade
the user experience when viewing the visual data. Furthermoere, 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.

Lossy compression, in which & 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
netwoerk 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
of the original visual data and the intreduction 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
techniques include deblocking oriented methods, such as Pointwise Shape-Adaptive
Discrete Cosine Transform (hereafter referred to as Pointwise SA-DCT), which deal with
blocking artefacts. Such technigues do not perform well, and can also intreduce further

artefacts as a side effect, such as the over smeothing of visual data.

Summary of Invention

Aspects and/or embodiments are set out in the appendead claims. These and
other aspects and embodiments are also described herein.
Certain aspects and/or embodiments seek to provide technigues for generating

hierarchical algorithms that can be used, when converting original high-quality visual
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data into lower-guality visual data, to allow recreation of higher-guality visual data from
the lower-quality visual data without significant loss in quality between the original high-
guality visual data and the higher guality visual data.

Further aspects andfor embodiments seek to provide techniques for
recenstruction and/or enhancement from lower-quality visual data to higher-quality visual
data.

Other aspects andfor embediments seek to provide techniques for machine

learning.

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
algorithm, wherein the hierarchical algarithm is operable to increase the quality of one or
more sections of lower-quality visual data to substantially reprocuce 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 cne embodiment In some
embodiments visual data can be image data and/or video data Furthermoere, in some
embodiments enhancement models can be developed to increase the accuracy of
higher-guality visual data that can be repreduced from lower-guality visual data in
comparison to original higher-gquality visual data In at least one embodiment, knowledge
of the original visual data can allow the hierarchical algorithm to pbe trained (andfor
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.

Orptionally, the hierarchical algorithm is developed from a known initialisation.

In some embodiments, the hierarchical algerithm can be developed from a known
initialisation, for example of a hierarchical function or basis. In some of these
embadiments, 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
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-frained algorithm(s) can be made based on cne or
more metrics associated with the pre-trained models when cocmpared and/er applied to
the input data. In some embodiments, metrics can be any predetermined measure of
similarity or difference. In scme embcodiments, the most similar pre-trained algorithm can
be used as a starting pcint for develcping a trained or tailored algerithm for the input
data as a tailored algorithm does not have to undergo as extensive development as
needed when developing an algorithm from first principles.

Opticnally, the method is performed at a first network node within a network.
Furthermore, optionally the hierarchical algorithm may be transmitted to a second
netwerk node in the network.

By lowering the quality of visual data (for example by lowering the resolution of
video data) in some embodiments, less data can be sent across a network from a first
node te a second nede in order for the second nede to display the visual data from the
first node. In some embodiments, the lower gquality visual data together with a model to
be used for reconstruction can allow for less data to be transmitted than if the original
higher-guality version of the same visual data is transmitted between ncdes.

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-gquality
visual data using a process comprising down-sampling

By lowering the quality of a section of visual data in some embodiments, |less
data can be sent in order to transmit the visual data cver a network. Further, in some
embodiments, sending both the lower quality version together with a model t¢ be used
for reconstruction can still result in less data being transmitted than if the original higher-
guality version of the same section of visual data is transmitted alone.

Orptionally, the one or more sections of lower-guality visual data are generated
from the one or more sections of higher-quality visual data using a process comprising
compression anc/or guantisation.

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 methads for producing
lower-guality visual data from higher-quality visual data and can be used in some
embodiments to generate lower-quality visual data from higher-quality visual data.
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Ogtionally, the one or mare sections of higher-guality visual data ancd/or lower
guality visual data comprise any of. a single frame, a sequence of frames and a region
within a frame or sequence of frames. Cptionally, the one or mere sections of higher-
guality visual data and/or the one or more sections of lower-quality visual data may
comprise an image, a seqguence 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
some or all embodiments in order to previde a method of enhancing or reconstructing

visual data to produce higher quality visual data.

General Enhancement / Reconstruction

According to another aspect, there is provided a method for enhancing lower-
guality visual data using hierarchical algorithms, the method comprising the steps of:
receiving one or more sections of lower-quality visual data, applying a hierarchical
algerithm to the one or mare 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
data, wherein the hierarchical algorithm was developed using a learned approach; and
outputting the ane or more sections of higher-quality visual data.

In some embodiments, a section of visuzl data that has been transmitted across
a network can be enhanced using hierarchical algorithms. By applying a hierarchical
algeorithm in some or all of these embodiments, a higher-guality version of the visual data
can be output for input lower-guality visual data. Therefore, in some embediments, only
lower-quality visual data neec 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
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 scme embodiments, the comparison can be
between a plurality of algorithms in the library. Use of such a library, in at least some

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, oy basing a measure of suitability on a predetermined
metric).

Ogpticnally, the selection of the hierarchical algorithm from the library of learmed
hierarchical algorithms is determined by metric data asscciated 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-guality visual
data, the more accurate a reconstructicn can be created using that particular
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 algonthm to the one or more sections of lower quality
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
be advantagecus 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 ariginal higher-guality visual data.

In some embodiments, by generating lower-guality visusl data from original
higher-guality visual data and transmitting the lower-guality visual datz instead of the
original higher-guality visual data, less data needs to be processed or sent across a
network.

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 mare sections of higher-quality data; developing

a hierarchical algorithm, wherein the hierarchical algorithm is operable to substantially
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reproduce the one or mare 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
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 transmissicon of visual dala across a network, for example where it is possible to
choose a suitable model for visual enhancement from the library rather than train a new
one. It also allows for hierarchical algorithms to be ftrained 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.

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
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 algonthm need not be trained for every set of visual data; existing trained
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
hierarchical algerithm 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 algernthms 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 2 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 alse allows, in at least some embediments, for the
library of trained models to be stored remotely from the location at which the training
takes place.

Optionally, the method additionally ccmprises 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 enceding 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
developing the hierarchical algorithm

Visual data is often encoded pricr to transmission acress 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 aperable to
enhance the quality of decoded visual data in these embodiments.

Opticnzlly, the method additionally compgrises a step of refining the hierarchical
algorithm after the step of encoding the one or mare sections of higher quality visual
data and/or the one or more sections of lower-quality visual data

By refining the hierarchical algcrithm after the enceding of the visual data in some
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-
guality visual data to substantially reproduce the higher-quality visual data.

According tc a further aspect, there is provided a method for reducing the amount
of data tc be transferred when communicating visual data cver a network from a first
node to a second node, the method at the first node comprising the steps of: reducing
the guality of one or more sections of higher- quality visual data to one or more sections
of lower- guality visual data; selecting at least one algorithm operable to increase the
guality of at least one section of lower- quality visual data using the higher- guality visual
data to optimise the selection of the algerithm, wherein the algonthm 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- guality visual data transmitted to the
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 ¢ each section of lower- guality visual data.

According tc ancther aspect, there is provided a method for increasing the quality
of a section of visual data communicated over a network fream 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 & 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
generated. and using the algorithnm to increase the quality of the lower-guality 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 guality of
one or more sections of higher-guality 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-guality visual data using the higher-guality visual data to
optimise the selection of the algorithm, wherein the algorithm corresponds to at |east the
one section of lower guality visual data; transmit the one or more sections of lower-
guality visual data to the second node; and transmit to the second node one or maore
references to the one or more algorithms that correspond to the one or more sections of
lower-quality visual data transmitted to the second ncde; wherein the second node is
configured to: receive a lower-quality visual data via a network; receive a corresponding
reference to the algerithm operable to increase the guality of the lower-quality visual
data, the algorithm selected with the knowledge of a higher-guality visual data from
which the lower-quality visual data was generated; and use the algerithm to increase the
guality of the lower-quality visual data to substantially recreate the higher-quality visual
data

By transmitting a lower-guality version of a visual data in some embodiments,
such as a secticn of low-guality visual data or series of visual data secticns, together
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with a library reference to an algorithm (ie. any or all of an algorithm, recenstruction
algorithm, model, reconstruction model, parameters or reconstruction parameters) to aid
recenstruction of higher guality visual data, such as a high-resolution videc frame or
series of frames, in at least some embodiments less data can be transferred over a
network to enable high-guality visual data to be viewed compared to transmitting the
high quality visual data alone.

Opticnally, the steps of transmitting the one or more sections of lower-gquality
visual data to the second node and transmitting to the second node one or more
references corresponding to the cne or more selected algorithms that correspond to the
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 cne or more
references to algorithms are transmitted instead of the algerithms themselves.

Optionally, the algorithm is a hierarchical algorithm.

In some embodiments, the algorithms used are hierarchical algorithms. It should
be noted that algorithms could alsc be referred to as models, representations,
parameters or functions. In some of these embodiments, hierarchical algerithms can
enable substantially accurate reconstruction of visual data, e.g. produce a higher guality
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.

Optianally, the algorithm is a nan-linear algorithm.

In some embodiments, the use of non-linear algorthms can be more flexible and
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 secend node; a centralised database in the network; or a distributed
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-guality visual data into higher quality visual data In some of these
embodiments, the use of a library can also allow the selected algoritnm to be referred to
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 cerresponds to an algerithm stered in a library
at the second node.

By providing ccmmon or synchrenised libraries of algerithms at both the first and
the second nodes in at least socme embodiments, and by transmitting a reference or
reference identifier when transmitting the corresponding lower-quality visual data to
allow selection of matching algerithms from both libraries using the reference identifier to
identify the selected algorithm, only the reference identifier and the lower-quality visual
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.

In some embodiments, by configuring the second node to be able to request
models from a nede (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 synchrenised, the higher-quality
visual data can still be reconstructed even if the transmitted reference does not
correspond to an algorithm stored at the second node. This can prevent errors in the
reconstruction process in scme 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
the reconstructed higher-guality visual data is compared to the original high-guality
visual data) while being relatively small in data size, for example when compared to
over-complete dictionaries.

Optionally, the high-guality 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 embaodiments multiple sections can be grouped, all of
which comprise part of a landscape shot, and one model can be used to reconstruct the
scene, I.e. seguence of frames, as opposed to a using & different model for every
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separate frame in the scene. In some embodiments, if the next scene in the visual data
15 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
be selected for each scene or section, allowing at least scme optimisation or adapting of
the reconstruction medel(s) in comparisen 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 & region within a frame or sequence of frames.

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 guality version of a part of the original visual data.

Optionally, the visual data is converted into a seguence 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 secticns to be down-sampled,
thus reducing the size of visual data, and thereby can allow for lower quality sections to
be transmitted as re-encoded visual data in the original ccde (or optionally re-encoded
using & 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-guality visual data.

By lowering the quality of the section of visual data in some embodiments, less
data needs tc 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 recenstruction can still allow for
less data to be transmitted than if the original higher-quality version of the same section
of visuzl data is transmitted.

Optionally, the steps of transmitting the one or more sections of lower-quality
visual data to the second node and transmitting to the secand node the references to the
one or more algorithms that correspend to the one or more sections of lower-quality
visual data transmitted to the second node occur substantially simultanecusly.

By transmitting the lower quality section of visual data and the model reference
simultaneously in scme 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-guality version of the section of visual data to be reconstructed such that the
recenstructed visual data is of substantially the same quality as the criginal higher-

guality visual data.

Online Training

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 guality of the one
or more secticns of lower quality visual data using the one cr more sections of higher-
guality 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 ¢r more sections of lower-
guality visual data to the second node; and communicating to the second node at least
one of the developed at least one hierarchical algerithms that corresponds to the one or
more sections of lower-quality visual data transmitted to the second node; wherein the
second nade is able to substantially reproduce the one or more sections of higher-
guality visual data from the transmitted one or more sections of lower-guality visual data
using the developed at least hierarchical algorithm that correspends to the one or more
sections of lower-guality 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 cata via a network; receiving a corresponding at least
one hierarchical algorithm operable to increase the guality of the one or more sections of
lower-guality visual data, the at least cne hierarchical algorithm developed with the
knowledge of one or more sections of higher-guality visual data corresponding to the
one or more sections of lower-guality visual data, and  using the at least one
hierarchical algerithm 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.
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According to ancther aspect, there is provided a system for reducing the amount
of datz 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 ¢r more sections of higner-guality visual data to one or more sections of lower-
guality visual data; develop at least one hierarchical algorithm operable to increase the
guality of the one or more sections of lower quality visual data using the ocne or more
sections of higher-quality visual data to enhance the developed at least cne hierarchical
algorithm, wherein the developed at least one hierarchical algcrithm corresponds to the
one or more sections of lower quality visual data; transmitting the one or more sections
of lower-quality visual data te the second node; and communicate to the second nede at
least cne 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
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-
guality visual data; and use the at least one hierarchical algorithm te 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 cata.

In some embodiments, by developing a hierarchical algorithm for enhancing the
guality of a specific set of lower-guality 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-
guality visual data corresponds can lead to the training and/or development of maore
accurate hierarchical algorithms. In further of these embodiments, having knowledge of
the compression settings of the lower-quality visual data can alsc help in training anc/or
development of more accurate hierarchical algorithms and, in such embodiments,
training hierarchical algerithms on visual data having the same compression settings can
provide substantially accurate hierarchical algorithms for those compression settings.
Furthermare, 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 ceveloped in parallel at the first node.

Opticnally, the at least one hierarchical algerithm is developed in parallel to the
encoding of the lower-quality visual data.

In some embodiments, develeping multiple hierarchical algorithms in parallel
while encoding the visual data can speed up the process of greparing the visual data
and hierarchical algorithm for communication across a network. In some of these
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-guality
visual data to the second node and communicating te the second node the developed at
least one hierarchical algorithm that corresponds to the one or more sections of lower-
guality 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 secend nede can begin as soon as the hierarchical algorithm is received. This can
reduce the delay, in some of these embodiments, between receiving lower-guality visual
data and outputting higher-quality visual data.

Optionally, the communiczting to the second node of the at least cne 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
algorithm to the second node ensures that the developed hierarchical algorithm is
available for use at the second nade.

According tc a further aspect, there is provided a method for reducing the amount
of data tc be transferred when communicating visual data over a network from a first
nede to a second node, the method at the first node comprising the steps of. reducing
the guality of a section of higher-quality visual data to a section of lower-quality visual
data: analysing a first example based mcdel for the use of reconstruction of the lower-
guality 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
a specified metric; transmitting the section of lower-quality visual data to the second

24

Microsoft Exhibit 1002 - Page 143
Microsoft Corporation v. RealD Spark, LLC
IPR2023-01046 - U.S. Patent No. 10,740,985



10

15

20

25

30

35

W0 2016/132148 PCT/GB2016/030426

node; and transmitting to the second node the one or mare selected example based
models that correspond to the lower-quality section of visual data transmitted to the
second nede; wherein the second node is able to substantially reproduce the higher-
guality section of visual data from the transmitted lower-quality section of visual data
using the one or mare example based models that corresponds to the lower-quality
section of visual data.

According to ancther aspect, there is provided a method for increasing the quality
of a lower-guality section of visual data communicated over a netwerk from a first node
to a second node, the method at the second node comprising the steps of: receiving a
lower-guality 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 datg;
and using the example based model to increase the guality of the lower-guality section
of visual data to substantially recreate the higher-quality secticn of visual data.

According to a further aspect, there is provided a system for reducing the amount
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 guality 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 sectien of
visual cata; analyse one or more example based maodels for the use of reconstruction of
the lower-guality section of visual data, select one or more example based medels 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:
receive & lower-quality section of visual data via network; receive one or maore
corresponding example based models cperable to increase the quality of the lower-
guality section of visual data, and use the cne or more example based models to
increase the quality of the lower-quality section of visual data to substantially recreate
the higher-guality section of visual data.

According to an aspect, there is provided a method for increasing the guality of a
lower-quality section of visual data, the methed at the first node comprising the steps of:
analysing a first example based model for the use of increasing the quality of the lower-
guality section of visual data; analysing a further one or more example based madels for
the use of increasing the guality of the lower-quality section of visual data; and selecting
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
a network together with an example based model to aid reconstruction of high-guality
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
alcne. In some of these embodiments, by selecting cne or more example based models
from a plurality of example based models, higher-guality visual data is operable to be
recenstructed 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
used for the live broadcast of visual data pertaining to an event.  As there exists a
plurality of example based models, in some embodiments opticnal analysis of a plurality
of models allows for the selection of an example based model which, when used in the
recenstruction of a lower-quality section of visual data, will generate the highest guality
output data on reconstruction compared t¢ other selectable models. The visual data to
be transmitted can be recerded in the form of higher-quality visual data in some
empodiments, 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 scme embodiments, visual data can be video and or image data. In
some embodiments, guality can relate to the resclution of visual data andfor other
attributes such as a higher or lower frame rate.

In some embodiments, a combination of twe or mere example based medels may
provide an optimum resource for reconstruction of the lower-quality section of visual
data. In some of these embodiments, the two or mere example based models can be
combined in such a way so as to form a new example based model that is transmitted
alcngside the lower-guality 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.
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In some embodiments, the live section of visual data transmitted will be at a lower
guality. Aspects disclosed herewith can still be used In order to increase the quality of
the section of visual data in scme emboediments, even without an original high-quality
version.

Optionally, one or more sample sections of visual data are transmitted from the
first node te 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 examgle based models used lo substantially increase the quality of the live
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 cne or mare
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.

Optionally, one or mare sample sections of visual data are transmitted from the
first node to the secend nede in advance of a live transmission; wherein one or more
example based models from the plurality of example based models can be maedified in
advance of the live transmission based on a specified metric from the cne or more
sample sections of visual data

The process of selecting the examgle 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
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 mocels 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
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 maodification 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-lingar 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.

Opticnally the example tased model comgrises 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
model types. This increases the flexibility of the methed 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 intc smaller sections or
‘scenes’, based on a particular metric for similarity, more efficient models can be
generated. For example, in scme embodiments multiple sections can be selected, all of
which comprise part of a landscape shot, and only one model will be reguired to
recenstruct the scene as oppoesed 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
significant movement, then in scme embediments this will be detected as such and a
new model generated accordingly for the scene. Specific medels can be trained for each
scene or section in some embediments, enabling the reccnstruction approach tc 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
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
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
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 aptionally a more optimal codec but at a lower guality.

Optionally analysis of any two or more example based models occurs in parallel.

By analysing multiple example based models in parallel in socme 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
minimised.

In some embodiments, a pipeline of analysis can be performed for multiple
subseguent 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
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 peints for training a medel.

Optianally, a plurality of example based models are stored in a library.

In some embodiments, a stored library of example based mocels 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 & faster
selection of the most suitable model for transmission across the network in some of
these embodiments.

Opticnally the sections of visual data are transmitted in the chronoclogical order
according to the section of higher-guality visual data.

By transmitting the sections of visual data in chronclogical order in some
embpodiments, the time difference petween a section of visual data being recorded and a
recenstructed higher-quality visual data being received by the second node can be
minimised. For live breadcasting 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 arder 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
a section of video comprising a single black frame would require less computational
effort to process than a fast-moving scene. Therefore in some embediments 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
sections of visual data which arrive out of sequence at the second node can be buffered
in scme of these embodiments and the sections placed in a chosen order, before
increasing the quality and cutputting 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
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
the corresponding section of visual data, the more accurate a receonstruction 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.

Opticnally the specified metric used to select and/or modify and/or generate an
example based model is based on generating the highest guality output data following
recenstruction, preferably wherein quality can be defined using any cf. an error rate; a
peak signal-to-noise ratio; or a structural similarity index.

A reconstructed section of visual data of the highest guality according to any of
the above melrics can be desirable to a viewer, as it is liable to show the truest
representation of the original higher-guality 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 similarnties between a plurality of sections of the higher-quality visual data.

In some embodiments, by dividing the visual data file into smaller secticns or
‘scenes’, based on a particular metric for similarity, less data needs to be transmitted
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 [f the next scene in the visual data is very
different in such embodiments, for example a scene with significant movement, then it
will pe 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
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
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
substantially simultaneously on arrival of the data, as cppoesed (o a delay between the
arrival of the seclion of visual data and the example based maodel or vice versa. Both
the example based model and the section cf visual data are necessary for a higher-
guality version of the section of visual data tc be reconstructed, in some embodiments,
and se any delay between their arrivals will result in a delay between the eriginal visual
data being transmitted from a first node and the reconstructed visual data being viewed
at a second node.

Opticnally 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
data needs to be sent across a network from a first node to a seconc node in order for a
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second node to receive the section of visual data. In these embodiments the lower-
guality version, together with an example based model to be used for reconstruction,
can still allow for less data w© be transmitted than if original higher-quality section of
visual data is transmitted.

Opticnally 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 scme embodiments to minimise the amount of data sent
over a nelwork. Higher-resolution videos can comprise significant amounts of dala,
which can be slow to transmit over existing network infrastructures such as the Internet.
Some embodiments can provide a seclution to the problem of video transmission over a
network by transmitting instead a lower-guality section of video and an example based
model, as described above. |n some embodiments, in order to further reduce the
amount of data transmitted over a network, a lower- quality section of visual data can be
transmitted slong 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. [n 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
transmitted, the correct model to be used at the second node czn be identified.

Optionally, an off-site computing system performs a methed comprising the steps
of receiving a lower- guality section of visual data; analysing a first example based
maodel 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-
guality 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 cf visual data using
the one or more example based models that correspond te the lower- quality visual data.

Optionally, there is provided a method further comprising the step of: receiving a
higher- quality section of visual data from & third node, before transmitting the higher-
guality 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 comgputerised tasks on a server not necessarily local to the site of the
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
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 precessing work can be accommodated should the need

arise in these embodiments.

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;
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 perfarmed in a lower-guality domain; and wherein
the hierarchical algorithm operates in both a higher-quality domain and the lower-quality
domain.

In embodiments, an algorithm performing at least the first processing steps of as
enhancement in a lower guality 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-
guality domain to undertake further processing and cutput higher-guality visual data in
such embodiments. Cptionally, in some of these embodiments, only the last processing
step or steps are performed in the higher-guality 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
being enhanced using bicubic interpclation, but this enhancing does nat add information
useful for super resclution 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 ¢f the network/algorithm

computaticnally 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 alsc provide minimal
energy costs in performing such filtering. In these or octher embodiments, the method can
provide a filter that is fast and/or flexible in expressicn and that can perferm substantially
accurate filtering in at least some embodiments.

Optionally, an activation function can follow the use cf the methoed 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-guality visual data.

In embodiments, extracted features may be used to produce a value or series of
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-
trained models.

Optionally, the last step of the hierarchical algorithm comprises producing higher-
guality visual data correspanding to the lower-quality visual data, and at least the last
step of the hierarchical algorithm may be performed in the higher-guality domain

In some embodiments, by using the last step of the hierarchical algorithm to
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 resclution space and the final layer can
perform more complex upscaling.

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
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-
guality 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
for the individual sections t¢ 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.

Opticnally, the hierarchical algorithm comprises a plurality of connected layers,
and the connected layers may be sequential.

Optionally, the at least one secticn lower-quality visual data ccmprises any of: a
single frame of lower-quality visual data, a sequence of frames of lower-quality visual
data, and a regicn within a frame or seguence of frames of lower-quality visual data.
Furthermore, the lower-quality visual data may comprise a plurality of frames of videoc.

Depending on the visual data being processed, in some 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. In these embodiments, some
or each of these options could be used in order to provide the most efficient method of
recenstructing a higher quality version of a part of the original visual data.

Optianally, the hierarchical algarithm differs for each section of visual data.

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 mare accurate reconstruction if the hierarchical algorithm te 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
therefore be generated for each section of visual data accordingly.

Optionally, the hierarchical algorithm is selected from a library of algorithms.

In scme embodiments, providing libraries of algorithms allows selection of an
algorithm frem the libraries and allows for moedifications to be made to the stored
hierarchical algorithms tc enhance the visual data, reducing the computational
complexity.

Optionally, the standardised features of the at least one section of received lower-
guality 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
value or series of values based on a metric from the input data. In these embodiments,
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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
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 guality can be defined by any of: an error rate; a bit error rate; a peak
signzl-to-noise ratio, or a structural similarity index.

The predetermined metrics used in some embediments 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, guality can be defined

by any or all of: an error rate; a peak signal-to-noise ratio; or a structural similarity index.

Spatic-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-guality visual
data; selecting & 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 secme embodiments, perferming the enhancement on the extracted features
reduces the computational expense of the enhancement by using hierarchical algorithms
trained on the lower-guality visual data.

Optionally, the target secticn corresponds to cne of the received plurality of
neighbouring sections of lower-guality visual data. Alternatively, the target section may
not correspond to one of the received plurality of neighbouring sections of lower-quality
visual data.

In some embodiments, having the target section correspond to cone 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

sections, or alternatively to predict future sections.
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Optionally, the at least one section of lower-guality 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 seguence of frames of lower-quality visual data. The
lower-guality 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 seguence 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 methed of reconstructing a
higher quality version of a part of the original visual data.

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-guality visual data, and the at least one of the plurality of selected input
sections may occur seguentially after the target section.

In some embodiments, having one of the selected input sections occur
sequentially in time befere 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
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
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 upen a predetermined
extraction metric.

In some embodiments, enabling a variety of features to be exiracted 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

data are consecutive sections of lower-quality visual data.
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In some embodiments the use of consecutive sections of lower-guality visual data
enables more accurate enhancement of the lower-quality visual data. Receiving a
plurality of secticns or censecutive sections providing more information used to be able
to be used when enhancing sections around the received sections of lower-quality visual
data.

Optionally, a predetermined algerithm 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 algerithm metric ensure oplimal efficiency when
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
guality versicn 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. Furthermore, standardised features of the received plurality of
neighbouring sections of lower quality visual data may be extracted and used tc select
the hierarchical algorithm from the library of algerithms.

In some embodiments, a reconstructed section of visual data of the highest
guality 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
embadiments, the broadcaster ¢f 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.

Opticnally, 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 inte the network, such as optical
flow between the frames or a measure thereof. In these embodiments, the optical flow
can be calculated separately cutside 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).
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Enhancing Yisual Data

According to a aspect there is provided a method for enhancing at least a section
of lower-guality visual data, the method comprising steps of receiving at least a section
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 algerithms is operable t¢ increase the quality of the lower-
guality visual data; and using the selected hierarchical algorithm to increase the guality
of the lower-quality visual data to create a higher-guality visual data.

Some emboediments provide a methed fer 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 algerithm
can be chosen from a library of algorithms that will be able to more accurately recreate
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 cf the original visual cata.

In some embodiments, by dividing the visual data inte smaller sections or
‘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 hierarchical algorithm will be
required to remove artefacts from the scene as opposed ta 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
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
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 visuzal data

In some embodiments, by basing the predetermined metric on the artefact
severity of the lower-quality visual data, the artefact correction moedel 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.

Optionally, the rplurality o©f 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

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 algerithm 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
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

According to an aspect, there is provided a method for training leamed
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
metrics from the input data and llke metrics for each of the plurality of predetermined
hierarchical algorithms; developing the selected hierarchical algorithm based on the
ingut 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
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 tased on
the selected most similar pre-trained medel. In such embediments, the selection of the
one or more most similar pre-trained model(s) can be done based on cne or more
metrics associated with the pre-trained models compared to the input data. In at least

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 escagping local minima (for incorrect solutions)
during training.

Optionally, the method further comprises the step of storing the developed
hierarchical algeorithm with plurality of predetermined hierarchical algerithms along with
the generated metrics from the input data.

In some embaodiments, each new tailored model is then stored in a library of pre-
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 mere optimal model. In these embodiments, as more signals and
data are processed, an increasingly more extensive collection of models can be
established in the library, requiring reduced development for tailored models for new
data thereby saving computaticnal effort.

Optionally, the plurality of predetermined hierarchical algerithms may be any of:
pre-trained hierarchical algerithms 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 ¢f. a specific
parameter for the reconstruction of data; or a mapping function for the reconstruction of
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
algonthm 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 stered in a repository.

For ease of access to the plurality of predetermined example-based models, in
some embodiment the models can be stored in a repository. In these emboediments, the
repository can take the form of a library. In some embodiments, the repositery can be
located on a remote device and/er distributed computing system (such as a cloud
computing and/or storage service and/or distributed networked system or peer-to-peer
system).

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
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
each of the pre-trained models.

Opticnally, the metrics may be based on generating the highest quality outout
data, preferably wherein quality can be defined using any of an error rate; a peak
signal-to-noise ratio; & distance metric; a similarity measure; or a structural similarity
index.

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
initialisation data when in use

By providing initialisation data which is gptimal in at least some embodiments,
thereby being as close as possible tc the section of visual data being analysed, fewer
iterations are required to adapt the model into a form to allow for the highest gquality

reconstruction according to any of the melrics 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 ncde comprising the steps of developing at least one modified
hierarchical algorithm from a kncwn hierarchical algerithm cperable to substantially
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 cperable to
reproduce the one or more modified hierarchical algorithms from the known hierarchical
algorithms; wherein the second node is able to recreate substantially the higher-guality
visual data using the modified hierarchical algorithm,

According to another aspect, there is provided a methoed for enhancing visual
data when communicating visual data over g network from a first node to a second
node, the method at the second node comprising the steps of: receiving a reference to a
known algorithm corresgonding to a section of higher-quality visual data, receiving
corresponding modifications to the known hierarchical algorithm operable to produce a
modified hierarchical algorithm, the madified hierarchical algorithm developed with the
knowledge of the section of higher-quality visual data: and using the madified algorithm
to substantially recreate the section of higher-quality visual data.

In some embodiments, knowledge of the section of higher-quality visual data can
comprise knowing the encoder settings and/for the content category for at least one of
the low-quality visual data, onginal 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.

According to a further aspect, there is provided a system for enhancing visual
data when communicating visual data cver a network, the system comprising two or
more nodes, wherein a first node is cenfigured to: develop at least one modified
hierarchical algorithm from a known hierarchical algerithm operable to substantially
recreate at least one section of higher-guality visual data; transmit to the second node
references to one or more known hierarchical algerithms 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 moedified hierarchical algorithms from the known hierarchical algorithms;
wherein a second node is configured to: receive & reference to a known algorithm
corresponding to a section of higher-quality visual data; receive cerresponding
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.

In secme embodiments, by transmitting a reference to a known algerithm 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
the algorithms, also known as models, representations or functions, can alse be more
accurate and therefore enable a more accurate reconstruction, i.e. produce a higher
guality high- quality visual data, for example where quality can be measured by a low
error rate in comparison te the original high- quality visual data.

Optionally, known hierarchical algorithm is selected from a library ¢f hierarchical
algorithms stored at the first node.

Opticnally, the reference received by the second node corresponds to a known
hierarchical algorithm stored in & 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
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- guality visual data to
allow selection of matching algerithms from both libraries using the reference identifier to
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

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.

Opticnally, the modified hierarchical algerithm 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 seconc node after it
has been recreated from the known algorithm and the transmitted modifications allows it
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
to ensure that the reguired 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-
guality visual data are transmitted to the second node and to which the one or more
madified hierarchical algorithms are applied to substantially reproduce the one ¢r more
sections of higher-guality visual data.

In some embodiments, by transmitting representations of the higher quality visual
data ta the second nade 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
transmitted.

Opticnally, one or more sections of lower-quality visual data corresponding to the
one or mcre sections of higher-quality visual data are transmitted to the second node
and to which the one or moeore modified hierarchical algorithms are applied to
substantially reproduce the one or more sections of higher-quality visual data.

Optionally, down-sampling is used to reduce the quality of one or more sections
of higher-quality visual data to one or mare sections of lower quality visuzal data.

Optionally, the one or more sections of lower-quality visual data are generated
from the one or mare sections of higher-quality visual data using a process of

compression and/or guantisation.
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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
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).

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
layers of reduced-dimensicn 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-
guality visual data wherein the at least one secticn of higher-guality visual data
corresponds to the at least ene section of lower-quality visual data received.

In some emboadiments, extracting a subset of features from a section of lower
guality 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 s dependent upon one or more
predetermined factors.

In some embodiments, the use of a predetermined factor to extract the subset of
features enables the method to be tailorec 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 t¢ enhance the lower guality visual
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 upan the one or mare
predetermined factors ensures the reconstructed higher-quality visual data corresponds
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
technigues to be applied to lower-resoclution video data and upscaling it to corresponding
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 regicn within a frame or sequence of frames of lower-guality videc data.

In some embodiments, depending on the visual data being processed, models
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 crder to provide the most efficient method of reconstructing
a higher resolution versicn of a part of the received video file. In some embodiments,
regions can include areas within a section, or segmentation between the background
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 1o 100K).

Optionally, the hierarchical algorithm differs for each section of visual data.

In some embodiments, the use of different hierarchical algorithms for each
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, & library of a plurality of algerithms allows for efficient
selection of an hierarchical algorithm from the plurality of algorithms without delays due
to communication links.

Opticnally, standardised features of the at least one section of received lower-
guality visual data are extracted and used to select the hierarchical algorithm from the
library of algoerithms.

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
algonthm in the library of algorithms will output the best enhanced and enhanced visual
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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 andfor embodiments, the terms model
and/or algerithm and/or representation and/cer parameters and/or functions can be used
interchangeably

It should alsc be ncted that visual data, in some embodiments, may comprise
image and/cr video data.

Optionally, the medified hierarchical algorithm is trained using a leamed
approach.

In some embodiments, hierarchical or non-hierarchical algorithms can be
substantially accurate and therefore enable a more accurate reconstruction, i.e. produce
higher quality high- quality visual data from the low- guality 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- guality 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.

Optionally, the learned approach comprises maching-learning technigues. The
modified hierarchical algorithm may alsc be a non-linear hierarchical algorithm, which
may comprise ane or more convolutional neural networks.

In some embodiments, non-linear models can be substantially accurate in
reconstructing higher- guality sections of visual data than dictionary-based approaches.
In these embodiments, through using a leaming-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
computaticnally complex than dictionary learning for a similar accuracy, but the resulting
model or algorithm can also be moere flexible in representing visual data while using
fewer ccefficients for the reconstruction. In these embadiments, the resultant
convolutional neural network model to be transmitted alongside the lower- quality visual
data can be both smaller and can be mocre accurate in the reconstruction of & higher-
guality visual data.

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- gquality video, to allow recreation of a higher- quality version of the
video from down-sampled low- guality video without significant [oss in guality, for
example having a low reconstructicn error in comparison with the criginal high- quality
video, and with a reduction in visual data transferred over a network. In such aspects,
the application of such a technigue can reduce tne data transmitted when transmitting
visual data in comparison with existing techniques while enabling reproduction of the
visual data at its original guality without significant lgss in guality in ccmparison to the
original visual data {(where quality can be defined by objeclive metrics such as error rate,
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-
guality 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 technigues.

Optianally, the hierarchical algorithm uses a spatic-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
allowing for lower guality sections to be transmitted as re-encoded visual data in the
original or optionally 2 more optimal codec but at a lower quality . In some embodiments,
a spatic-temperal netwerk can allow an improvement in performance by explciting 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
sequential sections providing information relevant for the higher- quality version of that
scene such that tempcrally consecutive sections can be used to super resolve one
section

Aspects and/or embodiments include a computer pragram product comprising
software code to effect the method andfor apparatus of other aspects andfor

embediments herein described.
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References to visual data can be references to video data and/or image data in
some aspects andf/or embodiments and vice versa. References to low-guality and/or
lower-guality can be references to low-resolution and/or lower-resolution in some
aspects andfor embodiments and vice versa References to high-quality and/or higher-
guality and/or highest quality and/cr original quality can be references te high-resolution
and/or higher-resolution and/or highest-resclution and/or original resolution in some
aspects and/or embodiments and vice versa. References to sections can be references
to frames and/or porticns of frames in scme aspects and/or embodiments and vice
versa. References to enhance or enhancement can be references to upscale andfor

upscaling in some aspects and/or empodiments and vice versa.

Brief Description of Drawings

Embodiments of the present invention will now be described, by way of example
only and with reference to the accompanying drawings having like-reference numerals,
in which:

Figure 1 illustrates an over-complete dictionary of 16 x 16 atems;

Figure 2a illustrates the layers in a convolutional neural netwaork with no sparsity
constraints;

Figure 2b illustrates the layers in a convelutional neural network with sparsity
constraints;

Figure 3 illustrates the encoding process to generate for transmission, from high-
resolution visual data, a combination of low-resoclution visual data and convolution neural
network able to use super resolution to increase the resolution of the low-resolution
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 & flowchart illustrating the method steps for encoding a visual data for
transmission using the process of Figure 3;

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 conveluticnal network according to
an embodiment, featuring two feature map extracticn layers built with convelutional
neural networks, and a sub-pixel convolutional layer that aggregates the feature maps

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 resclution using three input frames where only the input layer is modified to jointly
handle three input frames for the super rescluticn 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 netwerks, low resolution visual
data and modifications tc the known convolutional neural network,

Figure 11 illustrates the decoding process using the low resolution visual data
and a reference to a known cenvolutional neural network, along with modifications to
that network, to recreate a version of a high resolution visual datg;

Figure 12 illustrates a further encoding process te generate for transmission, from
high resolution visual data and known convolutional neural networks a modified
convalution neural network; and

Figure 13 illustrates a further decoding process using a reference tc a known
convoelutional 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
enhancement process from & 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
the received visual data and a convelutional neural network selected from a library, the
convolutional neural network able to use super resclution techniques to increase the
resclution 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-
resolution original visual data; the transmission of the down-sampled visual, and an
image enhancement precess 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
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 methed of Figure 15, with the additicnal
steps of extracting a reduced dimension representation and concatenating the visual
data to create & 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
data to create 2 reduced dimension representation of the separated sceneg;

Figure 20 is a flowchart illustrating the method steps for an image enhancemeant
process according to the embodiment in Figure 19, with additional steps for enceding
visual data at another nede prier to transmitting the encoded visual data te 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
an algorithm able to use super resolution to increase the resolution of the low resolution
visual data;

Figure 26 illustrates the decoding process using the low resolution visual data
and the algorithm correspending to the received reference to recreate a version of the
high resclution 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 detall with reference to the

Figures referenced above.

Reduction of Complexity In Neural Netwerks

With reference to Figures 2z and 2b, various possible cenfigurations 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
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
connections between neurons/layers, easily as the computational complexity soon
becomes tco great as the size of the network scales and scales in a non-linear fashien.

VWhere neural networks need to be scaled up to work on inputs with a high
numbper of dimensions, it can therefore become too computationally complex for all
neurons 25 in each layer 10, 20, 30 to be networked to all neurcns 25 in the one or
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.

An example of a neural network is shown in Figure 2b with sparsity constraints,
according to at least cne embodiment. The neural network shown in Figure 2b is
arranged so that each neurcn 25 is connected only to a small number cf neurcns 25 in
the neighbcuring layers 40, 50, 60 thus creating a neural netwerk that is not fully
connected and which can scale to function with, higher dimensional data — for example
as an aptimisation 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

In relation to Figure 2b.
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Further, in scme embodiments, convolutional neural networks are used, which
are neural networks that are not fully connected and therefore have less complexity than
fully connected neural netweorks. Convolutional neural networks can also make use of
pooling or max-pgooling to recuce the dimensionality (2nd hence complexity) of the data
that flows through the neural network and thus this can reduce the level of computation
required. In some embodiments, variocus approaches to reduce the computational
complexity of convolutional neural networks can be used such as the winograd algorithm

or low-rank matrix approximations.

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
together and the sub-pixel shifts between the individual frames can be used (o 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 technigues, in at least some embodiments it is
proposed to use deep learning technigues and convelutional neural network models
instead of dictionary learning techniques and dictionary-based models.

Dictionary learning is closely related to sparse coding technigues, 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 representad in a
transform domain. Sparse coding is a technigue 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 precessing perspective, it follows that
complicated signals can be broken down into a small, i.e. sparse, number of simple
signals.

The transform domain can be a dictiocnary 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-resclution sections of images (or

‘patches”). Dictionary leaming 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 preposed to use machine learning
with deep learning techniques that can instead create non-linear representations of an
image or sequence cf images.

VWhen using machine learning and sparse coding principles, a training process is
used tc 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 scme embodiments, the
efficiency in terms of computaticnal and memeory cost can be important.

In some embodiments, convolutional neural network models (or hierarchical
algorithms) can be transmitted along with the low-resclution 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
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
the dicticnary-based approach, which represents images in a linear fashicn, as
described above. The convolutional neural network models of socme embodiments offer
reconstruction with a feed-foarward 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
image filtering.

The series of convolutions in a convelutional neural network model of some
embodiments allow the neural network to be used to search for pixel correlations in a
region far larger than the initial patch decomposition, but applying a weighting to weaken
the importance of comrelations for locations further away from the pixel of interest. In
contrast, linear sparse coding apprcaches like dictionary learning are restricted (o
locking for correlations in an initial patch size, to aveid 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 & sparsity
constraint applied to dicticnary learming and over-complete dictionary appreaches.

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 convoluticnal neural netwerks, in scme embodiments.

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.

Criginal videc data 70 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 VP8, but can be any video data that can be decoded
into the component frames of the video. The criginal video data 70 is provided as input
visual data for enceding using the technique.

The original video data 70 is then split inte single full-resolution frames at step 80
(or step 190), i.e. into a sequence of images at the full resolution and/or guality 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 technigues
remove redundant {non-changing) features from seguential frames

Opticnally, at step 20 (or step 120), In some embodiments the full-reselution
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 mere specific training and optimisation. By scene, it is meant a consecutive
group or sequence cf 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.

The exact approach employed for splitting frames inte scenes can be performed
in many ways, depending on embodiment with the four main apprcaches being
described below:

A first approach is the use of the frame-type groupings of the underlying video
codec. In this apprecach, a scene is defined in the encoded video by each group of
pictures {sometimes referred to by the abbreviation “GoP”), for example between two |-
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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
example as described in the paper “A Unified Model for Technigues on Video-Shot
Transiticn Detection” by JesUs Bescos, Guillermo Cisneros, José M. Martinez, José M.
Menendez, and Julian Cabrera as published in IEEE TRANSACTIONS ON
MULTIMEDIA, VOL. 7, NC. 2, APRIL 2005 on pages 293-307 which is incorporated
herein by reference. This approach proposes a unified detecltion model to detect
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 Compcnent Analysis (PCA) etc. A suitable K-means
clustering approach is detailed in the paper “Constrained K-means Clustering with
Background Knowledge” by Kirl Wagstaff, Claire Cardie, Seth Rogers and Stefan
Schreed! as published in the Proceedings of the Eighteenth International Conference on
Machine Learning, 2001, p. 577-584. A suitable manifold learning approach is propesed
in the paper “Algorithms for manifold learming” by Lawrence Cayton published on June
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 Terralba having IEEE
reference §78-1-4244-3991-1/09 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 cf 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
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 embaoadiments is to perform only
very basic time-stamping of the videg, 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 seguence of frames from
step 80 (cr step 190), each frame is down-sampled into lower resolution frames at a
suitably lower resolution. Opticnally, in some embodiments this step can occur before
the frames are grouped intc scenes in step 80 (or step 190), so step 20 (or step 190)
can be exchanged with step 90 (cr step 190) in these alternative embodiments. The
lower-resclution frame can, for example, be 33% to 50% of the data size relative to the
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)

techniques are employed to create a specific medel using machine learning for each

. in at least one embodiment super resolution
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
optimisaticn process. In some embodiments, generic medels can be developed for types
of scene or frame. Alternatively, in other embodiments, models can be developed for
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 2 deep |learning approach, but in respect of only still images and
without use of the original image to optimise the reconstruction model, is described in
the paper “Learning a Deep Convclutional 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
techniques when trying to obtain an unknown high resolution version of a given low
resclution image and proposes the use of a convolutional neural network to leamn
mappings between low resolution and high resolution images.

While the creation of ncn-linear hierarchical models is more computationally
complex than creating linear models using dictionary learming approaches, in at least
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
approaches. The non-inear models created in some embodiments are small
convolutional neural networks rather than over-complete dictionaries. In centrast te the
local patch averaging appreach that tends to be used in reconstruction by dictionary
learning approaches, the use of a convolutional neural network model in embediments
also allows a more apprepriate filter to be learned for final reconstruction where
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
approximately logarithmic gains in reconstruction accuracy, s in some embodiments it
is preferred to use an automatic threshold to stop further optimisation. ¥When favouring
guality 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
can be set to limit the training and optimisation process tc a predetermined number of
iterations. As a further alternative, in some embodiments & 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.
Ogticnally, in some embodiments the video and model can be stored together within a
suitable data container format such as a Matroska Multimedia Container (otherwise
known as a MKV container). Alternatively, in some embediments the video and model
can be compined with other sections or the entire video and placed into a suitable data
container fermat. In some embpodiments, at step 120 (or step 210), the low-resolution
video frames can be re-encoded using either the original videc codec apglied to the
original video data 70 or, alternatively, a mcre optimal video codec can be applied to the
video data to preduce output video data 130. Optionally, if scene detection or time
stamping was performed, in some embodiments the data output for transmission can
include either & list of scenes or time stamp data respectively, or this data could be
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 moedel,
however this does not need to hold true as a local cluster of scenes could be used to
train each model in scme 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 alsc be sufficient to simply
weight the models without reguiring any further cptimisation in some embodiments -
similar to label fusion methods used in medical imaging for example.

Referring now to Figures 4 and 6, embediments 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
include the video data and one or more reconstruction models for that viceo data. In
some embediments, it is possible that the video data and one or more reconstruction
models are not transmitted and/or received simultaneously sc some buffering may be
required to wait for all of the components required to decode or recenstruct the higher-
resolution video from the data transmitted over the network.

At steps 140 and 150 (and step 220)

reconstruction depending on the embodiment. In most embodiments, this step invelves

. the received data is prepared for
separating the low-resolution video from the reconstruction moedels (step 220).
Optionally, in some embodiments the low-resclution 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 reconstructiocn model is applied to each of the frames
to output higher-resclution frames depending on the embodiment. The reconstruction, or
decoding, process in most embodiments involves applying the optimised super
resolution convolutional neural network model, or reconstruction model for each scene
in crder to restare the lower-resolution video to its original resolution having substantially
the same quality as the original high-resclution video. Given the correspending models
for each lower-resolution frame, the original higherresolution 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
applies the learnt convolutional neural network model to reconstruct the image on a
patch-by-patch basis. In some emboediments, 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
indexed in a frame-te-model lock-up table which can be sent anead of the video stream
depending cn 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
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 Xiacou
Tang published in D. Fleet et al. (Eds.): ECCV 2014, Part IV, LNCS 8682, pp. 184-1929,
2014, and this step can be used with or without modification in some embodiments
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
some embodiments. In some embodiments, where the patch is flat and smoocth, using a
bi-cubic upsczaling 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-Resclution” by Jianchao Yang, Zhaowen Wang, Zhe Lin, Scott Cohen and
Thomas Huang (as published in IEEE TRANSACTIONS ON IMAGE PROCESSING,
VOL 21, NC. 8, AUGUST 2012), incarporated oy 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
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-ime super resolution reconstruction and video
playback. In addition, in some embodiments an auxiliary cata-structure, such as a
random fern, can be used tc keep track of the unigueness of patches that have been
reconstructed. Given that an image may ccontain many repeating patches, use cf 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.

The proposed method and system of encoding and cecoding video of at least
some of the embodiments can augment existing videc 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
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.

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-resoclution video
to recreate the video at the original resolution. By using super resolution as the image
enhancement technique in such embodiments, and with the knowledge of the original
high-resolution image befare apglying image enhancement techniques, it is possible to
down-sample the ornginal 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-resoclution image from the down-sampled image based on the knowledge of the
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 ornginal 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.

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 guality of the output video 180 is
substantially similar tc that of the criginal video 70, within the error bounds optionally
applied by the machine learning process that develops the reconstruction model at step
110 (or step 200) of the enceding 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 an the original video 70 or a more
predetermined optimal codec, to enable playback on a decoder or display device.

In most embadiments, the proposed technique does not perform conventional
compression by rearranging the original data and discarding redundant data or data
deemed tc be of least importance such that the majority of the data is intact. Instead, in
these embodiments the technigue determines a series of simple light-weight functions
through machine learning that can be used to reconstruct the original data while
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/freduction process of conventional
compression technigues.

Sub-Pixel Convolution

Referring now to Figures 3 and 5, embodiments using another technique to
encode visual data will now be described in detail. These embodiments can be used in
combination with cother embodiments and alternative and optional embodiments
described elsewhere in this specification.

Again, in these embodiments, original video data 70 is provided inta the method
or system and is a high-resclution video, for example having a resoclution of 1920 pixels
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 VP8 but can be any visual data for which the system or method is able to
decode intc the component sections.

The original video data 70 is then split into single full-resolution frames at step 80
(or step 190), i.e. into a seguence 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, ccmmon video compression techniques remove redundant (non-
changing) features frcm seguential frames.

Optionally, at step 80 (or step 190), the full-resclution 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 secguence of
frames, which at the coarsest level can be the entire video or at the most granular level
can be a single frame.

To super resolve a low-resclution image tc high-resolution space, it is necessary
to increase the dimensionality of the low-reseoluticn 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
learn the super resolution filters tc perform upscaling from the low-resolution space tc a
high-resolution space but this approach can sacrifice reconstruction accuracy and
intraduces 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
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
convelution layer 740 that aggregates the feature maps from low-resolution space and
builds the super resolution image /50 in a single step.

In an embodiment, as shown in Figure 7, the high-resolution data is super
resclved 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 perfarm mast of the
computation in the larger hign-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
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 resampling 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
beforehana.

The task of the example based model, in socme embodiments a single image
super resolution network, is 1o 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 cperation can be
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-
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 resclution process in some embodiments. In general, both the
low and high resoclution image have ( colour channels, thus can be represented as real-
valued tensors of size 11 X W x Cand rIl x rW x C respectively. In some embodiments,
rather than recovering an high resolution image from an upscaled and interpolated
version cf the low resolution image, instead the low resclution image is used by a three
layer convolutional network to avoid upscaling befere the low-resolution image is fed into
the network. In the network, a sub-pixel convolution layer is applied to upscale the low
resolution feature maps to produce a high resolution image using super resolution.

For a netwark composed of [ layers, the first 1. — 1layers can be described as
follows:

[ Wby = 0 (W 1+ by),
f[(.ILR; Wl:bbl:i.) = O (WI * f{_‘](l‘fﬂ) + bi) ’

where W}, b, |1 € (1, L — 1) are learnable network weights and biases respectively.

W, is a 2D cenvolution tenser of size ny ; X np Xk, X k;, where n; is the number of

features at level |, n, = €, and k, is the filter size and level |. The biases b, are vectors
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of length n;. The non-linearity function ¢ applies element-wise and is fixed. The last layer
I has to convert the low resolution feature maps to a high resolution image I°%.

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
for image and video super resclution. If the |ast 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 tc doing so in
the high-resolution dimensicns thus reducing computational complexity.

In an embodiment, the convolutional neural network consists of a plurality of non-
linear mapping layers followed by a sub-pixel convolution layer. The benefit is the
reduced computational complexity cempared to a three-layer convolutional network used
to represent the patch extraction and representation, non-linear mapping and
recenstruction stages in the conventional sparse-coding-based image reconstruction
methods and using an upscaled and interpolated version of the low-resolution input. The
convolutional neurzal network ¢f 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 deconvelution layer to recover resolution from max-pooling and
other image down-sampling layers, according to some embodiments upscaling of a low-
resolution image is performed by convolution.

In an embodiment, convolution is performed with a fractional stride of 11 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 ]1 in the low-resolution space

is performed with & filter w, of size k, with a weight spacing Ti to activate different parts

of Wy 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
2

pattern, according to its location, has at most (%) weights activated. These patterns are

periodically activated during the convolution of the filter across the image depending on
different sub-pixel: mod (x, r), mod (y, r) where %, y are the output pixel co-ordinates in

high-resolution space. In the situation where mod (k,, rks) = 0, for a neural network with

| layers, the low-resolution feature maps £'~'(1"'®) from the last non-linear mapping layer
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are aggregated to produce the final estimate of the high-resolution image f'(I*?) using

the following formula:
PR = [ = PS (W, = £ U by

where W, and b, represent learnable filters and biaises respectively. The final
convolution filter W is of size n, ; Xr’C xk_ Xk, 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 convoelution, 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
high-resolution image. The result of applying PSis a rH xrW X Carray, i.e the same
dimensions as the high-resolution image. This is achieved by periodic shuffling

PS described in the following way:
PS(T)XJ’,C = T|’:f|"ﬂ,c-r-mod(y,r) | emod(x,7)

Itis easy to see that when k, = % and mod (k,, r) = 0it is eguivalent to sub-pixel

convelution in the low-resolution space with the filter W,. 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
processed in parallel in a single cycle

Given a training set consisting of high resolution image examples I'® n=1 . N,
the corresponding low resolution images [ ¥, 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:

i

7”W Z ZU” R fx . (F'Ryy?

Xx—1lx—

I(.Wir.": b'l:.’,.}

Referring to Figure 8, there is shown a network architecture 800 for super
resclution using three input frames 810z, 810b and 810c (and then 810b, 810c and
810d). 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 8300 {or 830c). The

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 imgroved for video data by exploiting the temporal redundancy between consecutive
frames in a video.

In some embodiments, the settings | = 3, (f;,ny) = (5, 64), (f,,n,) = (3, 32), and
[,= 3 can be used. In the training phase of these embadiments, 17r X 17r pixel sub-
images were randomly selected from the training ground truth images I"'®, where r is the
upscaling factor In other embodiments, other parameters can be chosen based on the
available computing hardware and/or training time. To synthesise the low resolution
samples ('R "R 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)) xr from 1'? and a
stride of (17 — ¥ mod ([, 2)) from IR, In other embodiments, arbitrary sized sub-images
can be selected: smaller sub-images can enable faster updates in training (as updates
can be made faster since fewer cenvolutions 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
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 functicn in these
embodiments. In some embodiments, the training may stop after ne improvement of the
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
M.

In some embodiments, the network is adapted for videc super-rescluticn with a
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 emboediment, fixed

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 correspending to the
network prediction of the middle frame in the input consecutive frames. In socme
alternative embodiments, there are beth 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 resclve the middle frame or frames. It should be noted that
an increased number of frames could tecome impractical as each additional frame
provides decreasingly less of & gain in sccuracy. In order to handle the first and last
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
encoded using the technigue 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 mere reconstruction moedels for that video
data. It is possible that the video data and one or more reconstruction madels are not
transmitted and/or received simultaneously so scme buffering may be reguired to wait
for all of the components required to decode or reconstruct the higher-resolution video
from the data transmittec over the netwark.

At steps 140 and 150 (and step 220)

reconstruction. This step generally involves separating the low-resolution video from the

. the received data is prepared for
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 recenstruction 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. 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 gquality 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.
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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
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. Cnce 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-
resclution videos, the resclutions 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
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 ¢f 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
network by way of a deconvolution function.  The first layer of the network is described
as obtaining low resolution features whilst the high resoluticn features are only learnt in
the last layer. Itis not necessary ta learn the low resolution features in a high resoclution
space. By keeping the resclution low for the first couple of layers of convolutions, the
number of operations required can be reduced. The computational performance then
depends more on the resolution of the input rather than resoclution of the output
Alternatively, the network layers can be reorganised such that the output of the sub-pixel
convelution 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. r*) instead of the number of upscaling factor pixels (e.g. r).
The other pixels represent the neighbouring pixel to the original input pixel in low
resclution. Every 4 pixels must then be reshaped and recrdered tc form the high
resclution image. A higher video processing speed can be cbtained using this approach
whilst maintaining a high level of quality for the ocutput. The number of convolutions
required is therefore reducec. This embodiment may be used in conjunction with any
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
netwoerk (or “chain”) of functicnal 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 reccnstruction process is far simpler compared to that of
training the model. The process is very similar to a single iteraticn of the training process
however there is no cptimisation reguired and it is simply applying the learnt
convoelutional 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, & larger patch size will reduce the
computational reguirements for processing a section of video, and also reduce the
bandwidth reguired 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 guality section of video, the patch size may be increased to allow for video
transmission under one or mare of those circumstances  The quality of the
reconstruction will be compromised but the processing power reguired 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
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
guality of the output video 180 is substantially similar to that of the original video 70,
within the error bounds cptionally apglied by the machine learning process that develops
the reconstruction model at step 110 (or step 200) of the enceding process.

At step 180, the segments of videc are combined such that the video can be
displayed Optianally at step 170 or 180, the video can be re-encoded with the original
codec used on the criginal video 70 or a more predetermined optimal codec, to enable
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-resoluticn content for the low-resolution
images and/or video. Additionally, the use of the spatio-temgoral appreach can be used
to perform upscaling for low-resclution images and/or video without knowledge of any
original high-reseluticn content or where there is no higher-resclution 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-temperal approach can be used in
combination 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. Specifically, scme 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
having a final layer that performs super resolution and/or use a spatio-temporal
approach in the input layer of the example based model.

Real Time Model Development/Selection

Referring now to Figure 27, an embodiment using the technique tc encode visual
data will now be described in detail. These embodiments can be used in compination
with cther embodiments, and alternative and optional portions of embodiments,
described elsewhere in this specification.

Original video data 2740 can be provided into the methed or system of the
embodiment using & camera 2735 and usually comprises a high-resolution video, for
example having a resclution of 1820 pixels by 1080 pixels (alsc known as “1080p°
video) or 3840 pixels by 2160 pixels (alsc known as “4K” videg). This video data can be
encoded in a variety of known video codecs, such as H.264 or VP8, but can pe any
video data for which the system or methed is able to decode into the component frames
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, commaon video
compression techniques remove redundant (non-changing) features from sequential
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frames.

In some embodiments, model selection or at least initial model selection can be
performed based on the uncompressed video data.

Ogptionally, within step 27580, in some embodiments the full-resolution frames can
be grouped into scenes or sections of frames having cemmon 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 cr 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
be arranged according to the order in which they were filmed or inte a seqguence for
appropriate deceding 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
frames or scenas (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-
resclution frame is optionally 33% to 50% of the data size relative to the data size of the
original-resclution frame, but can be any resclution that is lower than the original
resolution of the video. In other embodiments, the quality can be reduced by
guantisation and/cr compression instead of reducing the resclution 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
used for real-time encoding, this scene can initially be the first frame chronclogically that
was recorded by the camera 2735, or the first frame appearing in the original video file
2740, Foellewing this frame, a second frame to be recorded or a second frame appearing
in the original videe file 2740 can next be selected. After that would appear a third
frame, and so on, until the broadcast was complete.

Afirst 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 ta the variable n, variable n
being the number of example based models which can be analysed in parallel, where n
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 guality of reconstructicon,
wherein guality can be defined using any of: an error rate; a peak signal-te-noise ratio;
or a structural similarity index when coempared to the original video file 2740.

In step 210, the lower-resolution scene and the example based model for the
reconstruction of that scene are cutput for transmission cver a network. Optionally, a
reference to the model can be transmitted in lieu of the actual model. This reguires a
synchronised or matched library at both the transmitting and receiving ncdes of the
process, such that the reference can be used by the library at the transmitting noede, 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
(otherwise known as a MKV container). Alternatively, the video and model can be
combined with other sections, or the entire video and placed intc a suitable data
container format. At step 210 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 cutout
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 atove.
For the above described technigue, it can be assumed that there would be a one-to-one
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 empodiment for recenstructing the video encoded
using the technigue will now be described in detail.

First, the transmitted data 210 is received from the network. The data received
210 depends on how the data was prepared for transmission in step 2750 as detailed
above and will include the videc data and one or mare 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 reguired to decoce or reconstruct the higher-resolution
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-resclution image frames and each of the frames is
matched up with the corresponding recenstruction medel, which are also unpacked into
frame-pby-frame order.

At step 250, the reconstruction model is applied to each of the scenes to output
higher-rescluticn scenes. The reconstruction, cr decoding, process invclves applying the
optimised super resclution convolutional neural network medel, ar reconstruction model,
for each scene in order to restere the lower-resolution video to its original resolution
having substantially the same quality as the original high-resclution video. Given the
corresponding models for each lower-resclution 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
applying a previously learnt example based model to reconstruct & 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 gudio stream, or indexed
in & frame-to-model [ook-up table that can be sent ahead of the video stream.

The image reconstruction has a linear computational complexity depencent 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
a Deep Convolutional Network for Image Super-Resolution”™ by Chac Dong, Chen
Change Loy, Kaiming He, and Xiaoocu Tang published in D. Fleet et al. (Eds.): ECCV
2014, Part IV, LNCS 86892, pp. 184-199, 2014, however these functions can be applied
in parallel across multiple images and it is feasible te perform real-time reconstruction for
video playback.

Within step 250, each of the segments of video is output fram the reconstruction
process as higher-resclution 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
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
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
transmitied package 210 prepared.  The transmitied package 210 is then sent from the
clouc server to a local server, where the reconstruclion process 220, 230, 240, 250 can
take place. While the first scene iIs 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, recelving lower-resolution videos,
the resolutions of which are then to be increased before being re-transmitted. This
arrangement can relay data from bandwidth-restrained locations te locations where
there is not such a constraint on banawidth.

In a further embediment, one or more sections of video are transmitted via the
process outlined abeve, in advance of a live recording. Example based models that are
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
selecticn procedure 2785 can therefore be made faster or with reduced comgutation, as
there are fewer models to choose between, hence the lag between the recording of an
event and the higher-resolution reconstruction being displayed can be reduced
compared to comparing the performance of all of the maodels in the library of models.

Model Libraries

Referring now te Figure 25, an embodiment using another technigue to encede
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
technigue 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
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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 VP2 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
2520, i.e. into a sequence of images at the full resolution of the original video data 2510,
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-resclution frames can be grouped intc 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.

Regeardless of whether the video has been broken inte frames or scenes (i e
groups of multiple frames) or remains as a sequence of frames, each frame is down-
sampled into lower resoclution frames at a suitably lower resolution for transmission over
a network, for example the Internet. Opticnally, this step can occur before the frames are
grouped into scenes in step 2520, The lower-resolution frame is optionally 25% to 50%
or 10% to 50% of the data size relative ta the data size of the original-resclution frame,
but the lower resolution can be any resolution that is lower than the ecriginal resolution of
the videc. This will result in the full lower resolution video being smaller in size than the
original-resclution video

An analysis step 2530 is performed on the frames of the down-sampled video in
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 cone 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 doewn-sampled scene. The quality of the
enhanced scene is compared with the criginal using objeclive metrics such as error rate,
PSNR and SSIM 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
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
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
convelutional neural networks rather than over-complete dicticnaries In contrast to the
local patch averaging appreach that tends to be used in reconstructicn by dictionary
learning approaches, the use of a convolutional neural network model also allows a
more apprepriate filter to be selected for final reconstruction where neighbouring
patches are considered, which can aveid unintended smoothing of the reconstructed
higher-resolution image.

In step 2550, the porticn of the low-resolution videc and a library reference for
reconstruction model for that portion of video are output for transmission. Cpticnally, 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 MKV 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-
resoclution videc frames can be re-encoded using either the original video codec applied
to the original video data 2510 or, alternatively, a more optimal videc 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
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 list of references to library
content/models/parameters for each frame, which can be ordered by either frame
playback or decede order, and this can be synchronised to the video frames. A further
alternative is that the transmission package can include a list of scene transitions fat
definred 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.

First, the data 2610 is received from the network. The data received 2610
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depends on how the data was grepared 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 videc data and one or mcre library
references are not transmitted and/or received simultaneously so some buffering may be
required to wait for all of the components required to decode or recenstruct 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-resoluticn video from the library references to
reconstruction models. Optionally, the low-resolution video is decompressed using the
video codec used for transmission into full-resclution 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 s applied to
each of the frames t¢ 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 resclution having supstantially the same quality
as the original high-resolution video. Given the corresponding models for each lower-
resolution frame, the criginal higher-resolution frames can be reconstructed with high
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
model to reconstruct the image on a patch-by-patch basis. In comparison, training neural
networks can also incorperate 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
data stream, synchronised with the videc and audic stream, or indexed in a frame-to-
model lock-up tatle which can be sent ahead cf the videc 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 quelity of the output video is substantially similar to that of the original video 210,
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-enceded with the eriginal codec
used on the original video 2510 or a more predetermined optimal codec, to enable

playback cn a decoder or display device.

Upscaling & Visual Data Enhancement

Super resolution approaches are usually split into learning- or example-based
approaches and interpclation-based (multi-frame) approaches. Some embecdiments are
concerned only with learing- 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.

In some embaodiments, 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 appreaches incorporate machine learning. When using
dictionary representations for images, this combination is generally referred to as
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 technigues are employed to tailor dictionary atoms such that they can
adapt to the image features and obtain mare accurate representations.

It I3 noted that 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 dicticnary. Without
a constraint that the atems must be orthogonal t¢ one ancther, larger dictionaries than
the signal space that the dictionary is intended to represent can be created.

Emboediments can use dictionary learning reconstruction medels or convolutional
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 criginal and reduced-
resolution video can be compared. Along with the reconstruction models, in some
embodiments data needs to be stcred relating to the example or training video for each
recenstruction 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 te 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
resolution of visual data will now be described in detail. These embodiments can be
used in compination with other embodiments, and alternative and optional porticns of
embodiments, described elsewhere in this specification.

In these embodiments, received video data 1540 is provided intc a decoder
system and is a lower-resolution video encoded in a standard videc format. This video
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 1510 into single frames at
step 1520, 1.e. into a sequence of images at the full reseluticn of the received video data
310 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 embediments the frames extracted in
step 1520 from the video 1510 can be grouped into scenes or sections of frames having
common features, otherwise known as “scene selection” in step 1610, In these
embodiments step 1610 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
as appropriate from the scene or frames within the scene in step 1620, which is a
modified versicn 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 cearsest |level can be the
entire videc or at the most granular level can be a single section of a frame.

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 resclution output video 370,
in some embodiments basic scene selection in step 1610 can be accomplished by
grouping frames inta scenes chronolagically, for example by applying time stamps and
collecting together a predetermined range of timestamps. Initially, in these embodiments
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 subseqguent frame Is sufficiently similar according to a
comparison metric, then the subseguent frame or frames can be included as part of a
group of frames with the first frame. In these embodiments, this process can continue
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 410. 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

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
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
1810, The library from which the model is selected in step 1840 comprises a set of pre-
trained medels which have been generated from example, or training, videos and which
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 methads for feature extraction apprecaches 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 vision
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 liprary in a number of ways in
step 15840. The simplest approach is to use a pre-defined similarity or distance metric
such as, Manhattan distance, Euclidean distance or structural similarity (SSIM) or
additicnally, 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 unigue scene can be thought of as being
‘labelled”, then a variety of machine leaming scene recognition and matching
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 13 labelled correctly.

In step 1560, the reconstructed scene for that section of video is optionally
prepared for outgut 1510 Optionally at step 1580, the output video 1570 can be re-
encoded with the original codec used on the original video 1510 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 videc and an area
comprising a smaller section of a frame.

The video 1510 in process 1500 or 1800 can originate from physical media such
as a DVD or cother 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.

Here process 1600 in some embodiments is modified with further steps.
Specifically, step 1710 begins with & high resclution 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. Qptionally, in other
empodiments, guantisation can be used to lower the bitrate of visual data such as video.
At step 1730, the lower-resolution ar quantised video (depending on embodiment) is
transmitted over a network becoming the input video data 1510 of either process 1500
or 1600 described above in relation to Figures 15 or 16 respectively.

Further, cutput 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
forwarded to a remote node for storage or viewing as required.

In alternative embodiments, the input video concermed may be media for
playback, such as recorded video or live streamed video, or it can be videocenference
video or any other video scurce 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
surveillance camera.

It should also be zppreciated 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

Specific 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
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.

Data 210 is provided to the methed or system 200, and may for example be in
the form of a videc cata file or image data. Other data formats may also be used.
Specific metrics are extracted from, or generated based on, the data in step 820. The
metrics can based on measuring which of the pre-trained models generates the highest
quality output data. Qualty can be defined using any or a combination of: an error rate; a
peak signal-to-noise ratio; or a structural similarity index. These metrics are then used to
select a pre-trained model from a library 242 in step 930, The selected pre-trained
model is then developed in step S40 s¢ as to be more accurately able to perferm the
desired output function on the input data 910. The output model 950 can then be used
on the input data 910 either immediately or at in future.

To generate the initial pre-trained moedels, the same process 800 can be
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
15 Input in the future. The library 942 therefore grows as the system i1s used.

If employing a deep learming 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 guality of results. In
general, the number of iterations used during the training process 940 yields
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 sguared error, but other methods can alsc be used
Alternatively, the automatic threshold can be set to limit the training and optimisation
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 210 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
video being processed, for example a fast-moving action scene, or a staticnary
background scene. The mocel 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
most optimal image alignment with regards to a metric, for example a distance metric

cost function.

Specific Description — Enhanced Libraries

Referring now to Figure 10, an embodiment using the technique toc encode visual
data will now be described in detail. These embodiments can be used in compination
with other embodiments, and alternative and optional portions of embodiments,
described elsewhere in this specification.

Original video data 1010 is provided intc the method or system using the
technigue and is a high-resclution video, for example having a resolution of 1820 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 cedecs, such
as H 264 or VP9 but can be any video data for which the system or method is able to
decode intc the component frames of the video.

The original video data 1010 is then split into single full-resolution frames at step
1020 | i e. into a sequence of images at the full resolution of the original video data 210
For socme video codecs, this will involve “uncompressing” or restoring the videc data as,
for example, commen video compression technigues remove redundant (non-changing)
features from sequential frames.

Optionally, at step 1020, the full-resoclution frames can be grouped into scenes or
sections of frames having common features, ctherwise known as “scene selection”. The
video data is split or clustered into scenes to enable moere 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.
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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
generalised information for portions of the frame cor groups of one or mere pixels.
Optionally, this step can occur before the frames are grouped inte scenes. The lower-
resolution frame is preferably 33% to 50% of the data size relative 1o the data size of the
original-rescluticn frame, while the representations of the frame can be anything frcm
1% to 50% of the data size ¢f the original-resoclution frame. The lower resolution frame
can have any resolution that is lower than the criginal resclution 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
high-resolution video from a set of representations of the high-resolution video, or
increase the resolution of the downsampled video and enhance the guality of the vidego.
An initial model is selected based on a metric of the selected scene that can be
compared to metrics associated with the recenstruction models stered in the library. The
selection of the initial model may be based on only these metrics, or alternatively
multiple initial models may be applied independently to the downsampled video (o
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
15 compared with the original using objective metrics such as error rate, PSNR and SSIM
and/or subjective measures. An appropriate model is then selected at step 1040 based
on these guality 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 medels which have been generated
from example, or training, videcs and which are associated with metrics to enable
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
maodel 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

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-resclution frame or representations, and
trained using machine learming 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
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 medifications required to produce the maodified
model from the known one.

In step 1050, the portion of the low-resolution 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,
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.
Orptionally, the video or representations and model can be stored together within a
suitable data container format such as a Matroska Multimedia Container (otherwise
known as a MKV container). Alternatively, the video or representations and model can
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 criginal videc cadec applied to the original video data 1010 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 cutput for
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 list of references
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 technigue will now be described in detail.

First, the data 1100 is received from the network. The data received 1100

depends on how the data was prepared for transmissieon 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 high-resolution video data,
along with any modifications to the referenced models required to repreduce the final
reconstruction models. It is possible that the video data or representations, references to
the one or more initial reconstruction medels and the modifications to those models are
not transmitted and/cr received simultaneously so some buffering may be required to
wait for all of the components reguired t¢ decode or reconstruct the higher-resolution
video from the data transmitted over the network.

At steps 1120 and 1130, the received data is prepared for reconstruction. This
step generally involves separating the low-resolution video or representations if
transmitted from the references to known reconstruction medels and the medifications to
those models required to reproduce the optimised reconstruction maodel. Optionally, the
low-resolution videc is decompressed at step 1120 using the video codec used for
transmission into full-resoluticn image frames and each of the frames is matched up with
the corresponding reconstruction model, which are also unpacked inte 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 1110,
At step 1130 the received reference is used to locate the known reconstruction model
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 medel 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
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
or representations if transmitted tc output higher-resolution frames, else are used (o
reproduce the higher-resclution frames without a low resolution frame or
representations. The reconstruction, or decoding, process involves applying the
optimised super resolution convolutional neural network madel, ar reconstruction model,
for each scene in order to recreate higher resolution video having substantially the same
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-resclution frames can
be reconstructed with high accuracy.

At step 1150, each of the segments of video are output from the reconstruction
process as higher-resolution frames at the same resclution as the original video 210.
The guality of the output video 1150 is supstantially similar to that of the original video
210, within the error bounds optionally applied by the machine learning process that
develops the reconstruction medel at step 1060 of the encoding process.

At step 1140, the segments of video are combined such that the video can be
displayed. Optionally at step 1140, the videc can be re-enceded with the criginal cedec
used on the original video 1010 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
to the second node. Instead, any data reguired to produce the reconstructed video can
be included in the transmitted modificaticns to a known recenstruction model. It is
possible that no data is required and that only the use of a model is reguired to
recenstruct substantially the high-resclution videc. The second node reconstructs the
video using only the modified reconstruction model obtained by applying the
modifications to the known reconstruction model referenced in the transmission and, if
required, the data required to produce the reconstructed video. This methed can
advantageously be used toc 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
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 peint for the model
optimisation process. One or more appropriate medels are selected at step 1240 based
on a metric of each scene or frame that can be compared to metrics associated with the
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 resclution video 1210 using only the optimised model
itself or the optimised model and any data that can be incorporated into the model to
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
second node to reproduce substantially the higher resolution video. The package
transmitted at step 1260 of Figure 12 is received by the second nede at step 1310, and
unpacked at step 1320. The references to knocwn models are used to Iccate the known
reccnstruction models stored in a library at the seccnd node at stegp 1330, The
modifications corresponding tc these known reconstruction models are then applied at
step 1340 te reproduce the optimised reconstruction mocel generated by the machine
learning precess 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
reconstruction model. This reconstruction is performed at step 1350, and the resulting
recenstructed higher resoluticn video is output at step 1360,

Specific Description — Artefact Removal

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
netwerk and convalutional 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
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-resclution and/er
low-pitrate andfor 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
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-resclution images, especially in where
the dictionaries are learned over-complete dictionaries

Figure 22 illustrates an overview of embodiments of a method of generating
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
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 scme embodiments, at step 2230, image artefacts are purposefully generated
in the scene by applying aggressive compression and/or guantisaticn algorithms to the
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 technigue 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
on the training scene using machine learning technigues. 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 preduces results within some gre-defined threshold.

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, an
the same training scene with different levels of compression and quantisation in order to
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
content type, and the other the artefact severity.

Each step of the above method, as used in some embadiments, will now be
described in further detail.

The division of the training image or video into a scene cor scenes at step 2220
can be achieved in several different ways in different embodiments. The training image
or video may already be divided into scenes prior to being stored in the liorary 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 sach model generated. In these embodiments a single
training image or video may therefore be used to train multiple different image artefact
removal models relating to different content types present within the image or video.

Considering first the case of video data, in some embediments the library video
data can be split into single full-resolution frames, i.e. into a seguence of images at the
full resolution of the original video data. For some videc codecs, in certain embodiments,
this will invclve “uncompressing’ or restering the video data as, for example, common
video compression techniques remove redundant (non-changing) features from
sequential frames.

Optionally, in other embodiments the full-resclution 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
enable more specific training and optimisation. By scene, it is meant a consecutive
group or seqguence 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 embadiments only
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 relating to properties of the scene. In embodiments, metrics that can be used for
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 embediment. 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
include mean squared error and peak signal-to-noise ratio in some embodiments.
Alternatively, in cother 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 ocutdoors, indoors,
mountains, bike, etc. The probability would be determined by the classifier used in the
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.
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 compressec and/or guantised at step 2230. In these embodiments, the compression
of the scene can be implemented using any well-known lossy image/video compression
algorithm. In such embodiments, the quantisation methods may include both colour
quantisation, using for example a median cut algorithm or a clustering algerithm, and
frequency guantisation

In embodiments, the compression or guantisation process introduces image
artefacts to the scene, producing a training scene that will be used together with the
ariginal uncompressed and unguantised 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
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
is incorporated herein by reference By grading the artefact severity of a training scene
in embodiments, image artefact removal medels 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 scme embodiments. Super resolution techniques and machine learning
techniques are employed in some embodiments o create an image artefact removal
model, such that the model can be used to substantially recreate the original “clean’
version cf the training scene. By employing a deep learning approach to generating the
model in at least embodiments, a non-linear hierarchical mocdel can be created to
reconstruct the original clean scene from the compressed and/or quantised scene.

An example of a deep leaming appreach, 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 Convalutional Network” by Chao Dong, Yubin Deng, Chen Change
Loy, and Xiaoou Tang published as arXiv:1504.06923v1 [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 scme of the embodiments, the quality of the recreated or cleanec scene can
be compared with the original using objective metrics such as error rate, PSNR and
SSIM and/or subjective measures. In some of these embodiments, if the guality 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
until the predefined threshold is met. Alternatively or additionally, in some embodiments
a pre-defined number of iterations of the machine leaming 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-lingar hierarchical algorithm, a convolutional neural network, a
recurrent neural network, a multi-layer (neural) network, an artificial neural network, a
deep belief network, a dicticnary learning algorithm, a parameter, a mapping function, a
multi-layer feed-forward netweork, 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
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 guantisation
algorithms. In these embodiments, this approach intreduces a different level of artefact
severity to the scene. Further, in some of these embodiments the training and
optimisation process can then be repeated to generate a new image artefact removal
model for the same caontent, 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
scene content and the artefact severty 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 embediments.

A section of video or an image is received from a network at a receiving network
ncde at step 2310 in scme embodiments. In these embodiments, the data received
depends cn how the data was prepared for transmission at a transmitting network node
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 representaticns is not
transmitted and/or received simultaneously so scme buffering may be reguired 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 is
unpacked and divided into scenes depending on its content using the process described
apove 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
have been divided into scenes and classified by the transmitting network nede, 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
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 videc/image data, or they could be
introduced by faulty or lossy network transmission.

In some embodiments, the scene centent type and image artefact severity are
used to select the image artefact removal model from the library of image artefact
removal madels 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 stared there.
Alternatively, in other embodiments, if the library is stored remotely from the receiving
network node, a reguest 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
embpodiments 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
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 medel identified to be the
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 tc substantially recreate the original video/image file largely
free from image artefacts. In such embodiments, this fidelity cerrection process can
result in & clean reconstructed video/image, which is then output by the receiving node
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
downsampled (ie lower resolution than an ariginal 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
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-resoclution video data
from the downsampled video or image data. In such embodiments, these details may be
the reconstruction models themselves, or references to known recenstruction models
stored at the receiving nede or on the network,

In some embodiments, it is possible that the videc data or representations,
references to the cne or more initial reconstruction models and the modifications to
those maedels are not transmitted and/or received simultaneously so some buffering may
be required to wait for all of the components reguired to decode or reconstruct the
higher-resolution video from the data transmitted over the network.

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. Opticnally, in other embodiments, the low-resolution video or
image is decompressed using the video or image codec used for transmission into full-
resclution scenes and each of the frames is matched up with the cerresponding
reconstruction medel, 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
determine their artefact severity using an artefact grading algorithm.

In some embodiments, at step 2440, the scene content type anc 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,
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 reguest for the most suitable image artefact removal model
can be transmitted from the receiving node te the location of the medel library. In such
empbodiments the madel library will then transmit the relevant image artefact removal
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
embadiments

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
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
applied to each of the scenes to output higher-resolution scenes. In such embodiments
the reconstruction, or decoding, process can invclve applying the optimised super
resolution convolutional neural network model, or reconstructicn model, for each scene
in order to recreate higher resclution video or image having substantially the same
guality as the original high-resolution video or image from which the downsampled video
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 resclution 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
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 stegp anc therefore “cutside” the
traditional compressicn pipeline in at least some embodiments

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 nede from a number of different downsampled images or videos, each with a
different artefact seventy. In such embodiments, these can either all be transmitted with
the downsampled video, or the required model can be transmitted to the second network
node from the first node once a reguest for the model centaining 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

the original high resolution video.

Spatic-temporal Interpolation

In some embodiments, visual data being received may be of a lower than
desirable guality, 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 guality. One or more
hierarchical algerithms may be used to increase the quality of the visual data to a more
desirapble quality. For example, in some embodiments, the hierarchical algorithm may
increase the resclution of the received visual data section or sections. In
ancther embodiment the hierarchical algorithm may develop intermediate sections, such
as a section to be placed between twao received sectians 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
estimate higher-resoluticn versions of received lower-resolution frames. In such
embpodiments, 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-
resclution visual data a hierarchical algorithm may be used tc eslimate a higher
resclution 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 subseguent 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
subseguent received frames.

Alternatively, in some other emboediments a hierarchical algerithm may be used to
estimate higher-resclution versions of the received lower-resolution frames, as well as a
higher-resolution version of an unknown intermediate frame. Furthermore, in seme
empodiments the hierarchical algorithm may also be used to estimate an unknown future

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
more other nodes has no hierarchical algorithms trained to enhance a lower-guality
version of the new visual data. For example, in some embodiments this new visual data
may be live broadcast video data and in some emboediments the new visual data may be
streamed or rendered e-gaming video content. Where there exist nc hierarchical
algorithms for this new visual data, specific or generic hierarchical algorithms need to be
trained in order to enhance lower-guality versions of the new visual data in socme 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
most suitable algorithm from these developed algorithms can be selected for
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transmission across the netwark 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
multiple in parallel), in some embodiments the visual data can be encoded in an encoder
in preparaticn 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 enccding the
visual data in series in such embodiments.

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 guality of lower-quality streamed visual data at receiving nodes

These embodiments can be used in combination with other empodiments, and
alternative and optional portions of embodiments, described elsewhere in this

specification

Offline training

In some embodiments, new visual data to be transmitted from a node to one or
more other nodes has no hierarchical algerithms trained to enhance a lower-gquality
versicn of the new visual data. For example, in some embodiments this new visual data
may be new video data such as a new film ar television series and in scme
embodiments the new visual data may be a computer game that will in the future be
used to generate streamed e-gaming video content. YWhere there exist no hierarchical
algorithms for this new visual data, specific or generic hierarchical algorithms need to be
trained in order to enhance lower-guality 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 transmissicn across the netwerk
using an encoder in certain embodiments. The encoding process may introduce encoder
specific artefacts to the visual data in such embodiments. By refining the hierarchical
algorithm by performing further training steps on the encoded videc in scme
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
data correspending 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 1s 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
available on an on-demand streaming service. In such emboediments 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 tc a higher-guality version of that
episode.

Alternatively, in other embodiments the hierarchical algorithms can be trained on
training data that is similar, 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
been trained. In some embodiments visual data is being generated and transmitted
across the network substantially simultanecusly, 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
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 stared 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.

These embcdiments can be used in combination with other embodiments, and
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 1510 has been separated into individual frames at step 1520, the dimension
of the full resoclution images 2110 exftracted may be reduced based on at least one
predetermined factor at step 1810, In these embodiments, at step 1810, the at least one
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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 2110, For example, in secme embodiments, a predetermined factor
of 2 may indicate every other pixel in both the horizontal and vertical dimensions is
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 herizontal and vertical dimensions may each have a
different predetermined factor applied.

In some embodiments, the reduced dimension visual data may be concalenated
in 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 technigques and analysis
allowing for the use of larger super resoclution networks without compromising the
runtime. In some embediments, different predetermined factors and sizes of super
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 1800 of these other embodiments,
steps 1810 and 182C can occur after the frames are grouped into scenes in step 1610.

Referring now to Figure 20, a modified process 2000 according to some
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 embaodiments, step 1710 can begin with a high resolution visual data,
for example at HD resolution. Then, at step 1720 of these embodiments, the visual data
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 310 of

either process 1800 or 1900 described above in relation to Figures 18 or 19 respectively.

Specific Description — Flexibility of described gspects 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
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
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
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 alsc 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,
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 empodiments described. References to down sampling can
refer to reducing the resoluticn and/or quality of visual data (for example by quantisation
to lower the bit rate of the visual data).

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
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 algerithm,

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:

receiving cne or more sections of higher-quality visual data

training a hierarchical algorithm, wherein the hierarchical algorithm is
operable to increase the guality 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.

3. A method according to claim 2 wherein the learned approach comprises
machine learning technigues.

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 convoluticnal neural netwoerks.

6. A method according to any preceding claim, wherein the hierarchical algorithm is
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.

8. A method according tc claim 7, wherein the hierarchical algerithm is transmitted
to a second network node in the network.

8. A method according to any greceding claim, wherein the one or more sections of

lower-quality visual data are generated from the one or more sections of higher-

guality visual data.
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10.

11

12

13.

14.

15.

16.

17.

A method according to claim 8, wherein the one or more sections of lower-quality
visual data are generated from the high-quality visual data using a process

comprising doewnsampling.

. A method according to any of claims 9 or 10, wherein the cne or more sections of

lower-quality visual data are generated from the one or more sections of higher-

guality visual data using a process comprising compressicn and/cr quantisation.

The method according to any previous claim, wherein the hierarchical algorithm

performs image enhancement, preferably using super-resolution techniques.

The method according to any previous claim, wherein the hierarchical algorithm

uses a spatio-temporal approach.

The method according to any previous claim, wherein the lower-guality visual

data comprises a plurality of frames of video.

The method according to any previous claim, wherein the hierarchical algorithm

comprises a plurality of layers.

The method according to claim 15, wherein the layers are any of sequential,

recurrent, recursive, branching or merging.

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 the quality of one or more sections of higher-quality visual data to
one or more sections of lower-guality visual data;

developing at least one example based model cperable to increase the
qguality of the one or more sectiens of lower-quality visual data using the cne or
more sections of higher-guality visual data to optimise the developed at least cne
example based model, wherein the developed at least cne example based model

corresponds to the one or mere sections of lower guality visual data;
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transmitting the one or more sections of lower-quality visual data to the
second nede; and
transmitting to the second node the developed at least one example
based model that corresponds to the one or mare sections of lower-quality visual
data transmitted to the second node;
wherein the second node is aole to substantially reproduce the one
or more sections of higher-quality visual data from the transmitted one or more
sections of lower-guality visual data using the developed at least one example
based maodel that corresponds to the one or maore secticns of lower-quality visual

daia.

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 cne or more sections of lower-quality visual data via a network;

receiving a correspending 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-guality 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 secticns of lower-quality visual data to substantially recreate the one

or mare sections of higher-quality visual data.

19. 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
nede is configured to:

reduce the quality of cne or more sections of higher-quality visual data to
one or more sections of lower-guality visual data;

develop at least one example based model operable to increase the
guality of one or more sections cf lower-quality visual data using the ane 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

carresponds to the one or more sections of lower guality visual data;
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20.

21

22.

23

transmit the one or more sections of lower-quality visual data to the
second node; and

transmit to the second node the developed at |east 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-guality visual data via a network;

receive a corresponging developed at least one example based model
operable to increase the quality of the one or more sections of lower-quality
visual data, the develcped 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
guality of the one or more sections of lower-quality visual data to substantially

recreate the one or more sections of higher-quality visual data.

A methed 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
algeorithm; or an hierarchical algorithm; or a convelutional neural network; or a
recurrent neural network, or a deep beliel netwcrk, or a dictionary learning

algorithm; or a parameter; or a mapping function.

A method cr system respectively according to any of claims 17 to 20 wherein the
high-guality visual data i1s divided into smaller sections based on similarities
between a plurality of frames of the high-quality visual data.

A methed cr system respectively according te 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,
A methed or system respectively according to any of claims 17 to 22, wherein the

visual data is converted into & 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 guality of one or more sections of higher-
guality visual data to one or more sections of lower-quality visual data.

25. A method or system respectively according to any of claims 17 to 24, wherein 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 developed at least one
example based model that corresponds to the one or more sections of lower-
guality 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.

28. A method or system respectively according to any of claims 17 to 27, wherein the

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 tc increase the quality of the one or more

sections of lower-guality visual data.

31. A method or system respectively according to any of claims 17 to 30, wherein the
example based model is & neural network and preferably uses a spatio-temporal

approach.

32. A method of training image artefact removal models, the method comprising the
steps of.
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33

34.

35.

36.

37.

38.

39.

generating & plurality of training visual data from an original visual data;

developing an example based model for each of the training visual data
operaple to supstantially recreate the original visual data from the training visual
data the example based model was develoged from: and

stering the example based models in a library of example based moedels;

wherein the training visual data contain a predetermined amount of
artefacts.

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.

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 netwaork; or a deep belief network; or a dictionary
learning algorithm; or a parameter; or a mapping function.

A method according to any of claims 32 to 34, wherein the training visual data are

generated using at least one compression and/or guantisation algorithm.

A method according to any of claims 32 te 35, wherein the example based model

is developed using a methed of machine learning

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.

A method acceording to claim 37, comprising the additional step of determining a

measure of artefact severity for each of the training visual data.

A method according to claim 38, wherein the example based models are
classified in the library of examgle based models using metric data associated
with the content type and the measure of artefact severity of the training visual

data fram 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.

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 grevicus claim, wherein the higher-gualilty visual

data is at a higher-resolution than the lower-quality visual data.

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-guality 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 16 6.

48. A method substantially as hereinbefore described in relation to Figures 2 to 6.

47 Apparatus for carrying out the method of any preceding claim.

48 A computer program preduct compgrising software code for carrying out the

method of any of claims 1 to 44
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY PCTRU2018000118

Box No. | Basis of the opinion

1. With regard o the language, this opinion has heen established on the basis of:
@ the international application in the language in which it was filed.

{0  a transiation of the internationat application info , which is the language of a translation fumishad for the
purposas of international search (Rules 12.3(a) and 23.1 ().

2. [0 This opinion has besn establishad taking into account the rectification of an obvious mistake authorized
by or notified to this Authority under Rule 91 {Rule 43508 1{a)

“
]

With regard to any nuclectide andior aming acid sequence disclosed in the international application, this
opinion has been eslablished on the basis of a sequence listing:

a. O rernsing part of the international application as filed:
L3 in the form of an Aanex O/8T.25 text file.

3 on paper o in the form of an image file.

p. I Rernished together with the infernational application under PCT Rule 13%er.1{a) for the purposas of
international search only in the form of an Annex O5T.25 text file.
o. {3 furnished subsequent fo the intesnational filing date for the purposes of international search only:
£} in the form of an Annex CST.25 text e (Rule 13#sr.1{a)).
3 on paper or in the form of an image fle (Rule 13ter.1(b) and Adminisirative instructions, Saction
713).

4. I3 In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished,
{he required statements that the information in the subsequent or additional copies Is identical o that
forming pat of the application as filed or does not g heyand the application as filed, as appropriate, were
furnished.

&, Additional comments:

Form POTISA! 2T {Janvary 2015}
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY PCTRU2018000118

Box No. V  Ressoned statement under Rule 43bis. H{al(i) with regard 1o novelty, inventive step or
industrial applicability; citations and explanations supporting such statement

1. Statement

MNovelty (M) Yes: Claims 314

No:  Claims 1.2.4-10.12. 1
inventive step {IS} Yes: Clals

Mo Claims 113
industrial applicability {IA) Yes: Claims 113

No:  (laims

2. Citations and explanations

see separate sheet

Box No. Vil Certain observations on the international application

The following observations on the clarity of the claims, description, and drawings or on the question whether the
clafivie ars fully supported by the dascription, are made:

see separate sheet

Form POTISA! 2T {Janvary 2015}
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WRITTEN OPINION OF THE international application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATESHEET) ~~~~~~~~~~~~~ PCT/RU2016/000118

Re item Vil
1 Articles 5 and 6 PCT, interpretation of the claims and the description.

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, ¢f. D1, p. 3, last
paragraph;

b in [i16] are trarined for &

ony architecinre allows the

an dnpgut, and bto charngs

centinmously in a cevhals range.t.

Note that the authors of D1 comprize the Inventors of the present patent
application, and note furthermore, that reference {16} in D1 refers to D2, an
scientific ariicle of the Inventors comprising the disclosure of the present
application.

This set-up necessitates that the predicior is trained with training data as in-
dicated on p. 7 of the description of the present application, namely wherein
for all learming pairs the difference in gaze direction is equal,

This essential features is however lacking in claim 1,

1.2 Contrary to the requivements of Article § PCT the disclosure of the invention
lacks clarity.

.21 Accordingiop. 7:
3% To provide x possibilize of machine leamdag s predeternyined st of pairs of
images {k, p) i w{guisw fulfilling the it?;ﬂl;mvii‘ig reuirentests: each pair of images
rapresents & faoe of the sanwe perasn, in the sai:siz position of 8 head and squal
conditions of visualization, differing only by gaze dircction of this parsen (Fig. 1)

it is unclear how the notation {{,p) relates to a set of pairs of training images.
is " 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 Accordingtop. 8

Forn FOTIBAIRT (Separate Sheatl [Sheet 13 [EBO-Soell 2005}
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WRITTEN OPINION OF THE international application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATESHEET) ~~~~~~~~~~~~~ PCT/RU2016/000118

Further, images are brought o wqual size. For exch padr of fnages matching (o
the vight eve, foeusing is pde on poinis Jr (_f 2, &, (Fv, 9w matching

to thiis eye in the image I, In article [ 1] saumber of potats N s 6. It is obvicus that

it i not a fixed paremeter. Further, axes-atigned rectangles 8 bounding points of

cach sve mre determined, and & dwrastssistic tudiug & is dofined ay P WHT)

Which images are brought to equal size7? What are the points {§, g (i =
1...N)Y? Note that reference [1] does not mention any points {f, g;). nor wording
fike focus point. Rather {1} mentions landmark points. There are however 668
fandmark points in [1]. iis unclear what it means thai the named poinis are
maiching to this eye in the image #. 1t is furthermore unclear what square(B’)
may be.

Fram the first paragraph of p. 9 or the last paragraph of p. 11, it is apparent
that the points {f,, 9) {i = 1...N) lie on the eye oulline. It remains unclear which
poinis are concretely meant. Algo the last paragraph of p. 11 refers to
square{8’} without any explanation of the intended meaning of this expres-
ston.
1.2.3  ltis unclear what the meaning of the first paragraph of p. 13 is:
charmel is compared 10 the tweshold value as follows . The test of the second type
{the test R position of pixel wih ;‘eépea{ to e characteristio point) iy determsined

fefl A

by the number of Sw feature polst and the threshold value «, and

within the fraroes of thisfest sither T~ i o P& s somparssd 1o Heeshobd vwiue

K

¥o-gp %o

3
T s feitows: T I8 T v _ T.

1.3 Contrary to the requirements of Ardicle 5 PCT the disclosure of the invention
is not sufficiently complets.

Forn FOTIBALRT (Separate Sheatl [Sheet 23 [EBO-Soell 2005}
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WRITTEN OPINION OF THE international application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATESHEET) ~~~~~~~~~~~~~ PCT/RU2016/000118

1.3.1  The paragraph bridging p. 8 to p. 9 appears 1o be a headline, indicaling that
the following passage will explain how the leaming/training of the predictor
works. This passage however does not contain enabling disclosure for the
predictor tearming/training. Rather, it can merely be understood that learning/
training samples of the following form are used:

{xy) L ffgidi=1 . NEL Ofyt

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 Q. at location {x,y) is part of the sample.
Enabling disclosure for the prediclor learning/lraining should have explained
i} which parameters of the machine learning algorithm exist,
ii} how these parameters are modified during the tralningflearning, in
dependence on the trainingflearning data.

1.3.2  Although the passage p. 12 - p. 18, according to its heading, relates fo the
use of the predictar, it also represents implicit disclasure regarding the

training of the predictor for the the specific choice that it uses a randomnized
decision tree.

According 10 the disclosure on p. 12 the interior {L.e. non-leave) nodes of the
randomnized decision tree correspond {0 fests. There are two types of tests.

The first type of test is called an appearance test and is determinad by an
offsetl (dx, dy) in one of the {color) channels {R,G,B} and a threshold value 1.

So, it appears that the answer to i) of the previous item is that for the first type
of test the parameters ave: {dx, dy), a choice ¢ of the color channel, and a
threshold vaiue,

Although thewording » 1. . .1, and within the frames

cdifiference of two valums of pixels in this color channel is comparsd

to the thrashold waiue» lacks inguistic clarity, and, contrary to the
announcement “as follows" not explanations follow, it appears that the test is

llxsdoyed) - Odxy) <7,
where I {x+d, y+d} is the color channel ¢ for ¢ & {R,G,B}, of the pixel with

coordinates (x+d,.y+d,} of image I, and O.(x,y) is the color channel ¢ for the
pixel with coordinates {x.y} of image O.

it remains however obscure what the answer {o i) above is.

Forn FOTIBALRT (Separate Sheatl [Sheet 31 [EBO-Soell 2005}
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WRITTEN OPINION OF THE international application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATESHEET) ~~~~~~~~~~~~~ PCT/RU2016/000118

1.4

1.8

1.6

1.7

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 1o mean that the parameters, in the
sense of i} above, are the index i, t & {1,... N}, the choice of x- or y-coordinate,
and the threshold value 7.

if the x~-courdinate is chosen then the test is:
x-fi<rT,
if the y-coordinate is chosen the testis:
Yy-gi<T.
Again, it is (completlely) obscure, how these parameters are determined

based on the training/earning data. it is furthermore obscure haw the type of
the tast is chosen.

it follows from the arguments in iterm 1.3 above, that only a predictor
structured as a randomnized decision tree with the parameters mentioned in
foc. cit. could possibly be supported by the description in the sense of Article
8 PCT. Also for this reason, claim 1 is insufficiently supporied by the
description as it lacks essential features.

Furthermore, claim 2 does not have any support from the description, Article
8 PCT.

According to p. 13, see last paragraph independently learnedfrained 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?

The entrusted Examiner is of the opinion that the above deficiencies cannot
be remedied by an amendment which does not excess beyond the conlenis
of the application as filed.

itis noted that the teaching in D2, see section 3.2 entiled "learning” clearly
exceeds the teaching of the present application regarding the learning/training
of the predictor.

Claim 4 is not clear, Article 6 PCT. "The characteristic points” does not
appear 1o have an antecedent in claim 1.

Forn FOTIBALIRT (Separate Sheatl [Sheet 43 [EBO-Soell 2005}
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WRITTEN OPINION OF THE international application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATESHEET) ~~~~~~~~~~~~~ PCT/RU2016/000118

Re item ¥V
Assessment according to Article 33 PCT
2 The subject-matter of claim 1 is known.

2.4 Document D3 discloses {references in parenthasis applving to this
document):

A method for corracting user's gaze direction in fan] image (see title).
Furthermore:

redd wsing 8 pluralibty of ave lmags

an aye
an ey
gazing ab the display wnit 11§ of the wobile tersinal 100 {L.e., an

@ye oyazing at a lowsy sids) and an eye gesisg st thw ocamera 150 of

., an ays gaziog st ths front side) ars

Ty ¥ o~ s @ . Y P S o { v 2 vy b 0
capturad with © L0 » same parseos, and the mohile tevminal LG8
igarans the sanney in which an eye shepe g tranasfornmed in ihg Lwoe

Ag is apparent from §[0100] a displacement vector field is learnt from training
data, the displacement vector field relating eye outling points from i a pair of
images (of the same person) where the images differ in gaze direction, inside
the eye {and in between the outline points texiure warming is applied o
sxiend the mapping from the eye outline 1o the whaols sys region.

it is implied that the generated transformation is saved.

The subject-matter of claim 1 thevefore lacks novelty in the meaning of Article
33{2) PCT.

2.2 Furthermore, the subject-matter of claim 1 also lacks novelty in view of D4,
The teaching of D4 largely agrees with that of D3, the main difference being a
artificial neural networks are you as predictors for the displacement of the
feature points on the eye contour/cutling, see title, abstract, and section 2.3.

3 The additional subject-matter of claim 2 is known from D4,

4 The additional subject-matter of claim 3 is obvious 1o a skilled person.
Decision trees are commaonly known alternative for artificial neural networks.

§ Ag far as undersiood, the additional subject-matter of claim 4 ig known from
D4,

Forn FOTISART (Separate Sheatl [Sheet 51 [EBO-Soell 2005}
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INTERNATIONAL SEARCHING
AUTHORITY (SEPARATESHEET) ~~~~~~~~~~~~~ PCT/RU2016/000118

8 The additional subject-matter of claim 8, apart from pertaining to common
general knowledge, is known from D4 Section 2.3 discloses normalization of
feature point coordinates.

7 Since claim & exhaustively lists potentially used storage technologies, the
additional matter of claim 6 is implicitly disclosed in D3 or D4.

8 The additional subject-matter of claim 7 is known from D4, see section 3.

9 The agditional subject-matter of claim 8 iz known from D4 bvidently, the ANN
is used as trained.

10 Similar to the situalion in claim 6 the additional subject-matter of claim 2 is
implied in D3 or D4,

11 The additional subject-matter of claim 10 I8 known from D4

12 The additional subject-matier of claim 11 is obvious to a skilled person.
Decision tress are commaonly known alternative for artificial neural networks.

13 The predictor disclosed in D4 meets the requirements listed in claim 12.
Therefore, the additional subject-matter of claim 12 is known from D4,

14 it appears that the additional subject-matter of claim 13 is implied by D4, The
normalization of the coordinates of the feature points appears to have the
effect mentioned. The additional subject-matier of claim 13 is therefore known
from D4,

Forn FOTIBALIRT (Separate Shoatl [Sheet 51 [EBO-Soell 2005}
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P
B

ox o i Basty of the opinion

Box No. it Priomiy
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WRITTEN OPINION OF THE international applicationy No,
INTERNATIONAL SEARCHING AUTHORITY POTRUGIBH00TS

Box No. | Basis of the opinion

1. With regard i the language, (s opinion has been sstablishad on the basis oft
€ the lemational applicalion I the fanguans in which i was filed,

£« wansiation of the intexnationa! application it |, which is the language of & transiation fumnished for the
purposss of international search {Rutes 12.3{(a) and 23.1 (b}

2. T This opinion has bomn astabliinhed taking into account the rectification of an obwvious mistake authonzed
by or notified © this Authority under Ruls 81 (Rule 43588 1))

a B wWith regard fo any nucleotide andr sming acid segquance disclosed in the infernatinnal spplication, this
opinion has baen ssiablished on the basis of a sequenes lislinge
a. L korming past of the intetnational spplication as filed:
L3 i the foom of an Annex G8T.98 fad fils.

{3 on paper or i the form of an nage fite.

4

b, {3 henished ogather with fie bternalional application under POT Rule 138 13} By e pumosas of

international search only in the form of an Ao SRT.28 text e,
g U furnished subsaquant to he ternational fing dats for the purpnaes of international ssarh oy
£3 i the fonm of an Annex GOT.25 text e (Rule 1¥ernt{a)

£3 oy papsr of i the foret of an imags e {Pule 136 1D} and Administraliver instructions, Saction
T8

4. 0 in addition, in the case that mors than ong vevalon o copy of a sequence lsting has been fled or furishad,
the required statemants that the information in the subsetuent or additionat copies s Kentival (o that
foraing part of the application as filed of duos not g hayind the gpplication as fed, as appropriale, were
furnished.

&, Additional conwrents:

Fonm POTISAIRSY Ganusry 3018}
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international application No,
POTRU2018000118

Box No. V  Beasonad sistement under Rule 43bis. Y{al(l) with regard 1o novelly, invantive step or
indusirial applicability; citations and axplanations supporting such statement

1. Statement

Movally (N Yea: Clalms
e Glaims
Invertive step (8) Yoz Clabms
N Cladms

inclustrial applicability (1A} Yoz Claims
No:  Claims

2. Clations and explanations

rale sheet

41
LE4na 13

Box No. Vit Carlain obsorvations on the infernational application

The following observations o the clarity of the claims, description, and drawings o on the question whather the

clars are folly supported Dy the dectription, are made:

R arat

Fonm POTISAIRSY Ganusry 3018}
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Re item Vil
1 Articles § and 8 PCT, interpretation of the claims and the desoription.

1 Claim 1 lacks severg! essential features, and tharefore is not supported by the
description, contrary © the requirements of Article 6 POT.

1.1.1  The method disclosed in the present application merely is capabde of
corvacting one fixed displacemant offset ot the gaze direction, ol U, 5. 8
paragraph;

PEarthermornsg, while vaodom foraats : FI8) avs traassad for &

panrfio anglys of Qo W SrLiod, opy architsoinrs sllows the

RO < R S - 3w g A & o b T 2e vt e s
D Do apealiad 88 en anpule and Lo Qhangs

FELRIN rangw.’,

Note that the authors of Dt comprise the Inventors of the present patent
application, and note furthermore, that reference [168] in D1 refers 1o D8, an
scientific adicle of the Inveniors comprising the disclosure of the pragent
spplication,

This setup necessitates that the predicior is frained with training data a8 in-
dicated on p. 7 of the description of the present application, namely wherein
for all learning pairs the differance in gaze direction is equst.

This essential teatures is however lacking in claim 1

1.2 Contrary {0 the requirements of Article 5 POT the disclosure of the invention
facks olarity.

121 Accodingtop T
33 To provide » possibiiity of machine kandag o predetormsined sof of paies of
wsges il g s ;.-qum-;i Sdiiling e z.x.ziis::s\ (o regniroments: each pair of | hosges
veppesents 3 Roe of SR s poraen, In the ea&a position of ¥ head and squal
condittony of vizoalization, dffering only by pave dissation of this possan (Plg. £

it is unclear how the notation {4,0) rolates 1o a st of pairs of training images.
is "I indexing the diferent pairs of images? Why does p not have an index?
The symbol “p" does seem o be used elsewherea in the present application.

1,22 Accondingtop B

Forrn FOTABANET (Napnesies B} {Shweet 11 {BP0$nat 2005}
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AUTHORITY (SEPARATE SHEET) PCTARUR0TS/00T1E

Further, boages ans brought i squsl slze, For swelr pade of Tuages mniching v
- v . x S £ . - < .
the vl eve, frensing is tiody  paints O 80 L &0, (Fy, 89 maching

to thig spe in S bnage N do wetivle 11 suonber of polats N iy 0 I s obvious tha

it in Tt @ fised parameter. Fusther, sxasatigned rectanglies 8 bounding points of

. . i e , oy Jeavevety
sl wve sre detormined, xod 3 charateviotie vadius & §s doSined s ¢ #53

Which images are brought to scual size? What are the points i, gl i =
1..N)7 Note that reference [1] does not mention any points {§ g, nor wording
fike focus pobi, Bather [1] mentions landmark points. There are however 88
fandmark points in 1] s unclear what i means that the named points e

malching to thig eye in the image F. It is furthermore unclaar what squars{8}
may be.

Fron the first paragraph of p. 8 or the {ast paragraph of p. 11, it is apparent
that the points {fi, g3 {f = 1...N} lie on the eye oulline. It remains unclear which
pointe are concrately meant. Also the last paragraph of p. 11 refers
squars{81 without any explanation of the intended meaning of this expres-
slon,
123 His unclear whal the meaning of the 8rst paragraph of p. 13 s
chamed s oomparsd 1 te Uradold value «o folloves . The wat of the second typs
{the tevt for posiiion of pixel with respeet 1o e sharasterdatia pojat) s determined

RS S

By the nembyr of e hatee pelng and the thoahold walue 1, wnd
withit the Sraress of s test either T e ¥ 80 i sonpened o Heoshohd wdue

yugp »E

o &
Foj wo

T oas fuifows: = Yoy ) T

1.3 Contrary to the requirements of Adicle 5 PCT the disclosure of the invention
is not sufficiently complete.

Forrn FOTABANST (Napnesies R} {Shweet 21 (BP0 $nat 2005}
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131 The paragraph bridging p. B o p. 8 appears to be a headiine, indicaling that
the following passage will explain how the leamingfraining of the predictor
works. This passage however does not contain enabling disclosurs for the
predictor eamingtraining. Rather, i can merely be understoad that leaming/
training samples of the following form are used:

) Ll s 1 N OO
The entrusted Exarminer has furthermore difficulty 1o understand why the
whols Input image {is part of a training sample, while only a single pixel of the
output image O, at location (x.y) s part of the sample.
Enabling disclosure for the prediclor learmingdtraining should have explained
i} which parameters of the maching learning algorithm exist,
i) how these perameters gre modified dudng the fratningfeaming, in
dependence on the tralningfleaming data.

1.3.2  Although the passage p. 12 - p. 18, according o #s heading, relales o the
use of the predictor, # also represents implic disclosurs regarding the
training of the predictor for the the specific cholce that it uses a randomnized
decigion tree.

According o the disclosurs on p. 12 the interior L&, non-leave) nodes of the
randomnized decision ree corespond 10 fBals. Thare are two typas of els.
The Hrst type of tast is called an appesrance tast and ig determinsd by an
offset {dx, dy} in one of the {oolor) channels {R.G.B} and & threshold value 1
Sg, it appears that the answer 1o 1) of the previous tem is that for the first type
of tost the parameters are: {dx, dy), a choice ¢ of the color channel, and a
threshold valus,

Although the wording » 1. . .1, snd within ¢

S Twe wRima of pIxels an

8 {ELeY o
o the thesabold veluws® lacks Unguistic clarty, and, conlrary 1o the
announcamaent “as follows™ not explanations follow, It appegrs that the festis

MR

{xs+d yedd - Oxyl < 1,

where L{x+d y+d} is the color channel ¢ for ¢ & [RGB}, of the pixel with
soordinates (edy y+d,) of image |, and O.xy) is the color channel ¢ for the
pixet with coordinates (x.y) of image O.

i remaing Bowever obsoure what the answer 1o i} ahove is.

Forrn FOTABANET (Napnesies R} {Shweet 31 {BP0- $nat 2005}
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1.4

1.8

1.8

1.7

Based on a substantial amourt of guessing, for the second type of test, calied
“test for position of pixel with respect to the characteristic pain”, the first
paragraph of p. 13 may be imterprated 1o mean that the parameters, in the
sanse of ) ahove, are the indexd, te {1, N}, the choice of x- or y-aoordingle,
and the threshold value 1.

i the x-covrdinale is chosen then the testis:
X-far

if the y-coordinate is chosen the testis:
Yot

Again, iUis {completaly) obscure, how these parameters are delermined
based on the vainingearming data. it is fwrthermore obsoure how the type of
the test is chosen.

it follows from the arguments in Rem 1.3 above, that only a pradictor
structived as 3 randomnized decision free with the parameters mentioned in
fog, ¢it. could possitdy be supported by the descdption in the sense of Addicle
& PCT, Also for this reason, claim 1 is insufficiently supporied by the
desoription as if lacks sssantial featurss.

Furthermorse, olaim 2 does not have any support from the descrigtion, Article
& PCY.

According o p. 13, se¢ last paragraph independently lparnedfrained degigion
trees may be summaed {ngether. It is unclear how such a stmmation is to be
implomented. Different frees may have different numbers of leaf nodes.
Which {pairs of} leaf nodes ars combined?

The entrusted Examiner is of the opinton that the above deficiencies canaot
be remedied by an amendmeant which does not excess beyound the contents
of the application as filed,

it i noted that the teaching in D2, see section 3.2 entitied “learning” clearly
axceads the {eaching of the prasent application regarding the leaming/training
of the predictor.

Claim 4 i3 not olegr, &rticle § PCT, "The characteristio pointz” doses not
appear to have an antessdent in claim 1,

Forrn FOTABANST (Napnesies R} {Shest 41 (BP0 $nat 2005}
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Re item ¥V

Agsessmant accmding o Adicle 33 PCT

MRS

The sublect-matter of claim 1 is koown,

Qocument D3 discloses {references in parenthesis applying to thig
documenty:

A mathod for corracting user's gaze direction in [an] image (see sl
Furthermors:

“LB0RR} Eya~lgaivind

EFE NRBING 8% & Loy wl

HiDaY e

8 Lenmin

G owith g

e
SN

3 ek evenes 5
images,

As iz apparant from §0100] a displacement vector field is learnt from fraining
data, the displacement vector field relating eve cutling points from in a pair of
images {of the same person) whers the images differ in gaze dirgction, inside
the ey (and in betwean the oulling poinis texturs waping is applisd to
gxtend the mapping from the eye oulline 1o the whale eye region.

i i implied that the generated transformastion is saved,

The subjectynatier of claim 1 therefore Jacks novelty in the meaning of Acticle
332y POT.

Furthermors, the subject-matier of claim 1 also lacks novelty in view of D4
The teaching of D4 largely agrees with that of D3, the main diference being a
artificied neursl networks are you as pradiciors for the displacement of the
feglure points on the eys contow/outiing, ses title, abstract, and sechion 2.3
The additional subject-matter of claim 2 1 known from D4,

The additions! subjscl-maiter of claim 3 is obviocus 1 8 skilled parson,
Uecision traes are commonly known alternative for ariificial neursl networks.

Ag far as understoed, the sdditionsl sublect-matier of olaim 4 I8 known from
04,
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& The additional subject-matter of claim §, apart from pertaining to common
general knowledge, is known from 4! Section 2.3 discloses normalization of
faature point coardinates.

o

Since claim & exhaustively lists pofentigity used storage technologies, the
addditional mabier of claim 6 is implicifly distlosed in D3 or D4,

The additional subject-matter of claim 7 I8 known from D4, see section &

4] The addifional subject-matier of olaim 8 i known from D4: Bvidently, ths ANN
s used as trained,

10 Similar to the situation in claim § the addiional subject-matter of claim @ s
nplied in U3 or 84,

11 The addiional subject-matter of oladm 103 known from D4

12 The additional subject-matter of claim 11 ig obvicus (o 3 skilied parsan.
Decision troes are commaonty krown alternative for artificigl neursl netwaorks,

oy
£

The predictor disclosed in D4 meets the requirements listed in claim 12,
Therefore, the addiional subject-matter of claim 12 is known from D4,

14 i appears that the additional subjscl-matier of claim 13 is implisd by D4, The
normalization of the coordinates of the feature poinis appears o have the
effgct mentioned. The additional subject-matier of claim 13 is thersfors known
frount D

Forre FOTABANST (Nepnesies R} {Shweet 81 {BH0M $nat 2005}
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PCT/LSIBLT012203
PATENT COOPERATION TREATY

INTERNATIONAL SEARCH REPORT
(PO Article 18 and Rudex 43 and 44)

R ieant's or agent's Bl referencs N . , .
Applizant’s oy agent’s Ble reference FOR FERTHER see Farts P 20
3IRBO02 ACTION g5 well as, where applicsble, Hem § helose,

antiivear {Earbiost) Privvity Date fdawhanthive

Intermational agphoation No International Blag date fdows
POCTAUR2017/612203 64 January 2017 (94002007 G5 Junuary 2016 (03.01.2616)

Applicant

REALD SPARK, LLC

This [neraationad seavch repest bas been propared by this Internattonal Searching Anthority and i3 raasestited 1o the appliesn sceonding
to Axticle 18 A cop 33 betag transmiited fo the Iniermational Bureaw,

This fnfornatonal search mport consists of & total af 4 sheets.

D It is also sccompeied by 4 copy of each prior avt doctement cited m this veport.

1. Basis of the repost
4. With regard to the fanguage. the temational seaved was carvied ou on the basix of

}X( the ywamationa! apphication i the fanguage in which itwas fiked

D s ranstation of the interational apphicaiion e . which s the langusge of 3
traslation fumished for the parposes of mtemations) search (Bules 12, 3oy and 23, Wb
b, [j This ruervational sexrch report has been established laking fnte secount the rectifiostion of an obvisus maistske
apthorized by or potified to this Anthonity vader Rule 01 (Rule 43 655s{a)).

e D With regaed 1o any naclentide sadfor andno sold sequenee disclosed w the mternational applicatica, see Box No. L

2. Certain clatms were found unsearchabde {See Box Mo I}
3. D inity of kevention i lacking {See Box No 1)

4, With regard to the title,
| A the tear s approved as subsmitted by the spplicant.

D the text bas been estsblished by this Anthonity to read as fulfows:

S Wabregurd o the whstract,
m e text & approsiad 3 submatied by e spphoant.
[:] the toxt Bas boen osteblished, scconding w Bule 382, by this Avthority ax i sppeaes in Box Mo, IV, The applicant

ey, within ene momh frou the date of msiling of this inforaasional search regnt, submis comments W this Authority,

@ Witheepwrd 1o the irawings,

Tk

. the figure of the drawings o be published with the abstract s Figure No.

7 .
M s suiggestind by the spphicant.
[:] 3% selented by this Swthorily, berause the applhicant fuled to suggest a Bgure.

the reniion.

D as selected by this Authuety, boosuse s Bgtre better chaeanionts

b D aeme of the Sty {5 10 be publishod with the abstras,

Form PCTASAZ IO ¢first shoet) {Famuary 2015y
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INTERNATIONAL SEARCH REPORT Interastionsd applivagon Ny
POCT/USZOITAA12203

Boex No. H  Dbsereations where cortain chadras wers Tound aasenrehable (Continuntion of item 2 of fest sheet)

This interaational search report Bs not bees established iy respeotof conain claims vnder Article YH2Na) for the following reasons:

¢ reliie R0 sulbject matter nod tegmired 1o be searched by this Authority, numely:

2

. i(iia;mf; N

weeative they relate to pants of the inteonations! spphontics that do not comply with the presoribed reguiements 10 such an
oxtent that to naninglin} fmorsiona el can be garried out, speeifically:

Claive 13 19 ot oloar, contrary 10 the soquiremes of PCT Asticle 6, bevauss B refers toa olatm wineh doos sot comply with
PCT Rule o4},

)

R Claims Nos© 9.14,19

baocause they are dependent clabms and are not deafted i secordance with the second and thind sentences of Rale 6.3(a).

Box No. I Qbsepvations where moity of invendion is lackiog (Contingation of item 3 of Hirst sheet)

This nternutions] Searching Anthargy found multiple wventions i this internstonal applivation, as follows;

i. [:] As oll reguived sddtional seanch foes wore timely patd by the applicam, this internattonal search vepart covers sl searchable
claims.

]

Ax sl sosrehable clruny onuld he searched withos offon justifong sn sddinosud fe
of any additional foes,

s, this Authonty hid ot mviie paymes

were tmely patd by the applicant, this intemahonal search seport covess

3 D As only sorus of the reggpired sdditionad search fees
anly those claims for which fees were pwrd, speeifivadly oladms Nos:

4. D Wi reqgsived widitionst senred foes were travly paid by the spplivant.  Conseguently, this inteomtonal search sepord s
restrivted 4 the fpvention first menticasd w the chaims 1 vovered by olaims Nos.:

Remaek an Protest D The additonud search foos were accompanied by the applivant’s protest and, where apphiosble, the
pavmeest of a protest fee,

[::] Fher swdditional seanvh foes won arvampandud by the spplicant’s poviest but the appheable prowst
e was oot padd wthi the tioe et speaified o the invitation.
D N prosest geoomgatied e payme of siditional seaxely &

From POTASA1 G {foontinnaton of et shee (28 (ansry 2015
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Inteenstumal spphicanon No.

INTERNATIONAL SEARCH REPORY 8 . ;
' POT/US2017/012203

A CLASSIFICATION OF SUBJECT MATYER
HO4N 13/64Q2006.01

Avuording to Intemathima! Patent ClasstBication {1PO) or 1o buh national classification and [PC

. FIELDS SEARCHED

Minimum dov
FUMN 1304,

Docianenisiion sexvched other than nnvanm docuvenizion jo the exient that such docuwrems are melwded in the felds searched
Korean wiblity roodels and apphications forwility models
Japanese ntility models and spplications for witity wodels

Tlecnumie dats base consulied duving the mitemsional search (nave of datst base and, whare practicable, seavch toems used)
SHAMPARSIKIPO intornal) & Keywords: gave, camens, puadt-viow, veotor, roferance

Co POUUMENTS CONSIDERER TO BE BELEVANT

Categary™ Ciason of documen, with indivaion, where appropriate, of the relevant passages Rebevant o olsing No.
X ber B0
¥ ROTS]
Line
A J S
and =7,
A 22 -8, 16~
snd figurey 1450,
A R I6-18
D Further documents ane Bated 1u the conthmation of Box . !E See patens family annex.
¥ Spreatal stugories of wiad dosmmmats: T fnter doovment published after the ntemationad g daie of praovity
AN ient defining the generil state of he st which W sot eamsidersd : of olfed 1 uniderstand
petoulur relevance the principle v thewry wnderhying the invation
B sarbier application or patons but pobiished n ar after the fomstionsl N docoment of particalar relevanes; the clafmed nvention cannot be
ate aowssdered novel o espsnst B cowsidored to honabae s dsventive
"L docment wiich may shrove doshbiz on prawity clanmds s which s sep when the dovemmat 1§ when dlone
vited o esteblish the publivation. date of her vitation. o other Y document of partinalar talevences; the clamed mventton easned e
spenial arason (as spocified) wonsidered to fmvedvr an ipvestive stop wilom e decrseat
O dnenment refrring wom ovsd disclosre, use, oxhibition or asher combined wih one o mare ather sseh docws sesihy i
i s n¥seims W s peraon skilled i the at
e Fedishod prior b the witensational by date bat faer R dovamest mevter of the same patend Tty
fate sdaboed
Date of the actual completion of the demational seavch {hte of matling of the ntematimsl search repott
~ s ey Y gy " ;
17 April 2017 17.0432017) 18 April 2017 (18.04.2017)
Nume and mating address of the ISAKR Authorized olfeer PR
Fi:hmeammsi \'.\pha.fmus E?: S&ﬁ'& ?Qifi“‘&
N Rovean hatelivetnsd Property Offtee AFEN Seong Hwan §WH "'*k“‘;‘ﬁw
§ 189 Chousgsuero, Sea-gr. Dagious, 33208, Republic of Kuren e { TN
. Home S ST QRAY e
Faoshrile Nop. #8224 Telephone No.  +82-42-481-8633 e

Form POTASAZIO (second shooty (Jannary 3‘335}
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INTERNATIONAL SEARCH REPORY Datemational apphication Ng,
fariuat natent faady foe . . .
Tnformabion oo pateat fandly wembers POT/USIGITGI0S
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POCT/US2M7/612283
PATENT COOPERATION TREATY
Froe th
INTEENATIONAL SEARCHING AUTHORITY

};;:m RY, PENNY L. PCT

SHIO FLATIRON PARKWAY BOULDER £ R0301 USA

(PO Bale 33his.4)

L!m, oi maiing

18 April 2017 (18.04.2017)

Appbeant's or agent’s ftle referenne FOR FURTHER ACTION
IRBOG2 See paragraph I below
Internatisnal applicativs No. Tsternutional fling dae ddovmarndh e}

PCT/US2017/612203 84 Jamuary 2017 (04.01,2017)

Intemations] Fatent Classification (IPCY or both national classification and 1PC

HO4N 1304(2006.51)

REALD SPARK, LLC

1. This opuvion contains indications relating to the following tems

Box No. i Basis of the opintin

BoxNo B Proviy

Box No Il Noweswbhshment of opinon with regand fo nevelty, inveniive step and rednsriad applicabilay
Box No IV Lack of unity of mwestion

Box N, V Reasomad staternest wader Rule 43bis, 1(..0{1} with regarid to ﬂﬁ‘w‘t‘.i‘i’si meveative step aod wdustriad sp ﬂii,.‘-iihi}ﬁ.\?;
AR & X 3 RE -y
citations and Cl‘({ii&n&ﬁﬁﬂs &uppm‘ii.xg such statoment

Box No. ¥V Certaan docvrsents orted

Box No, VII Catain defects i the intemstionsd applicstws

LXK XKL

Box No. VI Certate aobservations o the wieraational applicating

[

FURTHER ACTION

I 3 demand fiy infortional prebminary exammaton s made, this spuaion will be considered fo be o writien opinion of the
Buternativnal Preliminary Examaising Anthority ("IPEA™ axcept that this does not apply whew the apphicant chooses an Authority
other than fhis one o be the IPEA and the chosen PEA bas naified the Internativesl Buvean vader Bude 66,7 s(b) that written
apiatie of this Inersational Searching Authority will not be o comsidersd.

If this opimon fa, as provided above, coustdered tor be a waiiten optuion of the IPEA, the sppleant & tmvited fo subwt to the
IPEA 3 wriften reply together, where agwpmpn ate, with amendments, befiwe the expieation of 3 months frowm the date of mailing
of Bopm PCTASAZ20 or before the ﬂptmmfn of 22 wonths from the priorhty date, whichever expives fater.

For further options, see Fom POT

Date of completion of this opmeen JAuthorized officer

szmn E\\fa.ll.mmi P“i Ftl“\« Gﬁ 8

£29 Chy 2y, Soe-ge. Thisje 1T Apil BT (1704 30T
33208, Kepublie of Korea ) ’

14818578 Telephome No, +RI42-481-8633

AN, Jeong Mwan

\
N

Fausuniie

Fom PCTASALST (cover shoot) (fanuary 2015
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e . i Pteenationst appheatiog No.
WRITTEN OPINION OF THE RIFRTIANSE SppcItig S
INTERNATIONAL SEARCHING AUTHORITY PCTAUS20LT/012203

Box Nao. I Basis of this apinion

1. With regaed 1o the language, this opuion has been established on the basis of
the imemations! spplication i (e Laguage in which # was filed

i:} a tepaslation of the international apphoation into which is the langnage of a
iransiation furnished for the purposes of international search {Rufes 12.3(s) and 23 1(hY)

2 D This option fus been extabdished taking nte svcount the rectification of an ebvions mistake authorized by or notified
by this Anthordy ander Rule 91 (Rube 435 1)
boer established on the basts of 2 soquence listing:
a {:} Torming pant of the werationa appheation as filked:
E::} in the form of an Annex COST.25 wext file.
[ cn paper or i the fosmm of an image file.

b {:} furmished together with the fnternationat applivation under PCT Rule $3er Ha} for the porposes of nterastional
BT .28 ot file

segreh ondy m the form of an Annex

@ D Ferndshod sebseguent o the infornuitonsd filing die for the poposes of wioraational seamdh ondy:

{] 16 the form of an Ansex 23 text e (Bule 13 Had)

o paper w10 the form of sy wmsge file {Rule B ) sand Admindsteative Tnstroctivns, Section 7130

E3 [:I T auddition, i3 the vase that more thas one versdon or copy of « sequunee hsting has beon {iled v {braished, the required
stapemonts e the infbhomation i the subseqieent or sdditional comes 13 deniieal t that fonndag pavt of the spplicstion ax
filod or dous et go devond the applicntion as Hled, ss appropriate, wore fenished.

& Additonal commenis:

Form PCTASAZIT (Box Ne. I Jatmary 2045
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Intoenstwnad spplication No.

IS2017/012203

WRITTEN OPINION QF THE
INTERNATHONAL SEARCHING SUTHORITY PCT/

Box N [ Non-csiabiishaent of spindon with regard to novelty, aventive step and badustris] applioability

The guestions whether the clatimed fnvention sppears fo be novel, o wvelve an mventive step (3o be non obvious), or 1o be
mchusiviadly applicable bave not boen cxamived in respect of

D the entice internations] application

elaps N, 515,19

hecause:

[] the said intemational applivetion, or the said clafas Nos,
vedate W the following subjeet matier which does not v

= an wtemational seaveh (peoifi

Hoate particnior eleponis belpw) oy said olsivas Nos, i3

ﬁ the description, clains of deewings
are so wnclesy that no meandagied optdon sould be formed (gpect

Claim 15 f ol clean, contravy to the requirament of POT Asticle £, boosuse 3t refies 1 2 claim wihich does not comply swith
POT Rule .43}

D the olataes, or said claims Nos. are so insdeguated
by the description that ao meandnglid optsion could b formed fyper

suppigied

W

a0 tntermational seach vepurt s boen oxtablished for sdd clatms Moy, 9-15,18

2 mesnpigil opirdon could not e formed without the sequence Hsting; the apphicant did not, within the preseribed time

X

fornish @ seguence Msting tndhe form of s Anpex TOST23 text ftfe, and such Istiog was ot avatdable to the
Intemnationsl Searching Authority in the form and manner ascepiable 9 3 or the sequence Using Rwnished & aot
comply with the standacd provided for in Apnex C of the Adminisirative Instructions

Feemash & sequimo: siag on paper o w the frm of an inage Rle complving with the siandaad poinvidiod for 2 Annex
£ of the Administrative Instuctions, and seeh Hsting was not available o the Intemnational Ssasching Aauhority o the
form aml manner accepladle to i of the sequeace hsting furnished tid md comply with the stsndard provided for in

Anney C of the Adnusistrative fnstractions,

D pay the

wived late funishing fee for the ferntshmg of o sequence hsting fn response to an eitation wder Bale
370 M or ).

I

D See Supplemsutal Box for firther dotails.

Form £ ]

SA2RT (Box Mo, HD fhuemry 2015
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Internutional sppliceion Mo

WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY POT/US2017/012203

Box No. V Ressened statement ander Rule 43bis 1a)(0) with regard 1o sovelly, investive step or industeial applicability;
citatipas and explanations supporting such statement

1. Siatoraent

Nowelty £8) Claims 81018 YES
Claims MONE NG

Inventrve step (18) Ulubus NONE YER
Claims E-8,16-18 NG

Industeis} applicabibity (A Clabms 180618 YES
Claimns NONE NG

20 Ciations snd explanations ©

Reference i made o the following documsnis:

D US 2015-0339312 A1 (SAMSUNG ELECTRONICS CO., LTD. ot al) 26 November 2015
D2 US 8342434 Bl (KENNETH M. KARAKOTSIOS o al) 27 January 2013

{. Novelty and Inventive Step

1.1, Independent Claim 1

D1, which is considered to be the closest prior art to the subject mauer of claim 1, discloses a
method of correcting & gaze of a user In an image, the method comprising:

providing a controller (160} that detects a face gare direction {or an angle of a face) sndior a
gradient of a face, and determines whethar the detected facial fmage gases at a front side, a
feft side, a rvight side. an upper side, a lower side, or a diagonal side {a topleft side, &
top-right side, a bottomeleft side, or o bottomeright side) (sce paragraph [0097] and figure { i
Diy and

detecting first ¢ve oder points by extracting sye model shape parametery of the finst eve outer
points associnted with ecigen vectors of the oye nwodel, and limiting a range of cach of the

By

extracted eyve model shape parameters (see claim 3 in DI

Claim 1 differs from DI w deriving a displacement vector ficld representing a transformation
of an image pateh, using a derived featwe vector to look up reforence dala comprising
reference displacement vector felds associated with possible vahwes of the featare vector, and
adjuating each image of multi-view images by transforming image patches conlaiming the lefi

and right eves of a head in accordance with the derived displacement vector field.

Continued on Supplomeniat Rox

Form PCTRAZIT (Box Mo, VY iJanuary 20135
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Intersational apphication Na.

WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY PCT/ALGRIO17/012203

Box Ne., VIT Cortain defocts fathe Internatioust sppliceiion

The following defoets i the foram or conterds of the htearationst application have beea noted:

Clatms $-14 and 1% do noi comply with PUT Rule 6.4{a) because multiple dependent claims should not serve as 3 basts for any
other nueliple dependent claim.

Porm PCTARAZNT (Box Mo, VI ¢January 3015
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Intemations] spplication No.

WRITTEN OPINION QF THE
INTERNATHONAL SEARCHING SUTHORITY PCT/AUS2017/812283

Supplomental Box

I case the space o 2ay of the preceding boxes is not sufficient.

Comtinuation of: Rox Na, ¥
However, the difference can be eastly concetved from the features of D considering providing
s controlfer {160} that gransforms (or modifies) the first eve outline In 3 camers gare direction
corresponding o a gaxe at the camera (150), wherein the conmiroller {160} changes eve outer
poutts of an oye region i a user mmge i a predetermuned reforence camera gawe divection,
and wherein the controller (160) iransforms eve ouder poinis defining an owe outline, based on
a difference between a face gare divection of § user in 3 cwremt bmage {Le., an angle or a
gradient of a face) and the predetormined reference camera gaze divection (Lo, an sngle or 3
gradient of u face) {see paragraph (0096} and Bgure I i DY), and shifting cach frst eve outer
potnd fo a location obtained by adding 8 coordinate of cach first eye outer point fo an average
displacement betweon an oyve gasing i a lower gide and an eye garing al a front side (sse
claim 5 in D1). Accordingly, claim 1 would bave been cobvious over DY, Therefore, claim 1
facks an inventive step wnder PCT Anicle 33¢3).

1.2, Dependent Clatms 2-7

The additional feature of claim 2 can be easily conceived from the featwres of DY considenng
that a controller (160) changes eve outer points of an ove region in o user mage m a
predeternined reforence camers gaze direction, wherein the controller (160} tansforns eve outer
points defining an eve outline, based on & difference botween a face gare dircction of a user
in a current image (e, an angle or a wadient of a fveey and the predetermiined reference

camera gaze direction {see paragraph [0096] and figure 1 i DI

The additional features of claims 3-4 are morely varlations of the disclosures of D1 considering
providing a controller {160} that ransforms {or modifiey) the firgt oye outline In & camery gaze
direction corresponding (0 a gaze at the camera (150} wherein the contoller (160) changes eye
outer poits of an eyve region o a user image in a predetermined reference camera gave
direction, and wherein the controfler (160} transforns eye owder points defining an eye outline,
based on 8 difference between a face paze direction of a user i a cumend image (e, an
angle or a gradient of a face) and the predetermined reference camera gaze direction {Le., an
angle or 3 gradient of a face) (see paragraph [0096] and figure 1 W D), detecting the fivst
eye oufer points by extracting eye model shape puarwmeters of the flist eye owier pomts
associated with cigen vectors of the ove model, and limiting a range of cach of the extracied
eye maodel shape pmrameiers (see clabn 3 in D), and shifting cach fird gye outer poimt o a

location oblained by adding & coordinate of cach first eve outer poimt W an average

Coptinuad on The Nexi Page

Form PCTASALYT (Sepplemental Box) (January 2015
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Internations} spplication No.

WRITTEN OPINION QF THE
INTERNATHONAL SEARCHING SUTHORITY PCT/AUS2017/812283

Supplomental Box

i case the space io ey of the preceding boxes is not sufficiont.
Continuation of » Previous Page

displacement between an eye gazing at 3 lower side and an eye gaving at 3 fromd side {sce

claim 5 in B}

The addivonal feature of cluim 5 v meorely a vawiation of the discloswre of DI considering that
eye-leaning is performed using a plurality of eve image pairs to transfonm the eye outline, and
the cve outline i transformed based on the cye-learning (see paragraph [DOVE] in DI}, and that
the second ove outer poinig correspond o a direction corresponding to a gase facing straight
onto a cunera of g device (see ¢laim 4 I DM

The ndditional featwre of claim 6 is merely a variation of the discloswe of DI considering
performing eve-leaning using a phluality of cve image pairs to transform the cye outline, and
the eve outline is transformed based on the eve-learning (see paragraph {DOYE] in DD, and
detecting first eye ouler points by extracting eve model shape parameters of the first eve outer
poinis associated with cigen vectors of the oye model, and liviting 3 range of cach of the
extracied eye model shape parameters {see claim 3 in DIy

The additional featuwre of claim 7 can be castly conceived from the leatures of D1 considering
providing a controller {160) that tansforms (or modifies) the Orst eve owtline In o camem
gaze direciion comespunding t0 a gaze at the camera (150), whervin the conwolier {160}
changes eye outer poinis of an eye region In & nser image in a prodetermined reference camers
gaze divection, and wherein the controller (160 wansforms ove ocuter points defining an oye
outline, based on a difference between a face gare direction of a wser in a current wmage (ie,
an angle or & gadiont of a face) and the predetermined reference camera gare divection {ie.,
an augle or & gradiemt of & face} {sve parapraph [0096] and flgure 1 i DI}, and shifting cach
firse eye outer point to & lovaton obtained by sdding a coordinate of cach first eve outer point
to an average displacement between an eve gazing at a lower side and an eve gazing at a

front side (see claim § in D1}

Accordingly, claims 2-7 would have been obviows over DH. Thesefore, claims 2-7 lack am

inventive step uader PCT Arucle 33031

1.3, Dependent Claim 8

The additional festure of claim & can be essily concetved from the featwres of D2 considening
3 g

Coptinuad on The Nexi Page

Fow PCT

S237 {Supplomental Hox) (Januaxy 2013y
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Internations} spplication No.

WRITTEN OPINION QF THE
INTERNATHONAL SEARCHING SUTHORITY PCT/AUS2017/812283

Supplomental Box

i case ther space tn ay of the preceding baxes s vot sufficiont.

Continuation of » Previous Page
that the compuier-tmplemenied method comprises determining a fust estimated pupil Jocaiion
using 3 first pupd lecation determination algorithm, the fivst pupil detormination algorithm
retavning @ first confidence valie corresponding to the first estimated pupil Jocation {(sce clatm
4 in D2y, and that the first estimated pupill location and the sccond estimated pupil location
corresponds to at Teast one of a pixel location, a vector, or an estimated set of coordinates (see
claim 5 in D2). Accordingly, claim 8 would have been obvious over DI in view of D2

Therefore, claim 8 lacks an inventive step under PCT Articke 33(33

1.4 Independont Clum 16

Claim 16 relates to a device, but it shares the same technical fostures as claim 1. Accordingly,
since the same ressoning as in claim 1 applies to claim 16, claim 16 would have been obvious

over M. Therefore, claim 16 lacks an iventive step under PCT Article 33(3).

1.5 Dependent Claimg 17-18

The addifonal feanwe of claim 17 can be easily conceived from the feature of D1 considering

a camera for capturing an original fmage {sec claim 11 3 Db
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paragraph [0062] and figure 1 in D)

Accordingly, claims 17-18 would have been obvious over DI, Therelbre, claims 17-18 lack an

inventive step under PCT Article 33(3),
2. Industrial Applicability

Claims 1-8 and 16-18 are industrially applicable under PCT Article 33(4)
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LISTING OF CLAIMS

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)

3. (Currently amended) The method of claim 1 elaim2, 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 1 elain2, 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 1 elaim2, wherein the editing instructions

comprise a filter field, a brightness adjustment field, or a texture blending field.

6. (Currently amended) The method of claim 1 elaim2, 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. (Currently amended) The method of claim 1 elaim2, 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. (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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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 aecerdingto-elaim3+ 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

region

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 providedin 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

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 Subject 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.

Rejections 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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Rejections under 35 USC 101

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.

Rejections 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

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.

Respectfully submitted,

Date: February 21, 2020 [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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Notice of Pre-AlA or AIA Status

1. The presentapplication, filedon or after March 16, 2013, isbeingexamined underthe

first inventorto file provisions of the AlA.
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 genericor linking claim.

Election was made without traverse inthe replyfiled on 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 if rewritteninindependent formincludingall of the limitations of

the base claimand any interveningclaims.
Claim Rejections - 35 USC § 112
4, The followingis a quotation of 35 U.S.C. 112(b):

(b) CONCLUSION.—The specificationshall conclude with one or more claims
particularly pointing out and distinctly claiming the subject matter which the inventoror

a jointinventorregards as the invention.

The followingis a quotation of 35 U.S.C. 112 (pre-AlA), second paragraph:

The specification shall conclude with one or more claims particularly pointing out and distinctly claiming
the subject matter whichthe applicantregards as his invention.
5. The term " at or near " in claim 26 “wherein the updating of the second machine
learningalgorithm 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 by the claim, the
specification does not provide a standard for ascertainingthe requisite degree, and one of

ordinary skill inthe art would not be reasonably apprised of the scope of the invention.
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Claim Rejections - 35 USC § 101

6. 35 U.S.C. 101 reads as follows:

Whoeverinvents or discoversany new and useful process, machine,
manufacture, or composition of matter, or any new and useful improvementthereof,

may obtain a patenttherefor, subject to the conditions and requirements of this title.

7. Claim 32 is rejected under35 U.S.C. 101 because the claimedinventionisdirected to
non-statutory subject matter. The claimis directed to a computer readable medium. The
claim remainssilent regarding the transitory nature of the computer readable medium. Thus
interpretation of mediumallows for non-eligibly patentable subject mattersuch 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 isrejected as being
nonstatutory. Applicantis 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 rejectionunder35 USC 101
by adding the limitation “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 claimedinventionisdirected to
non-statutory subject matter. The claimis directed to a product that does not have a physical
or tangible form, such as information (often referred to as “data perse”) or a computer

program per se (oftenreferredto as “software perse”).
Claim Rejections - 35 USC § 103

9. The followingis a quotation of 35 U.S.C. 103 whichforms the basis for all obviousness

rejections setforth in this Office action:

A patent for a claimed invention may not be obtained, notwithstandingthat the
claimedinventionis not identically disclosed as set forth in section 102, if the

differencesbetweenthe claimed inventionandthe prior art are such that the claimed
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10.

inventionas a whole would have beenobvious before the effective filing date of the
claimedinventionto a person having ordinary skill inthe art to which the claimed
invention pertains. Patentability shall notbe negated by the manner inwhich the

invention was made.

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 ofa
head region, the method comprising: (Soare Abstract: An eyebrow shaping method

includes providing an image of aface.).
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. 6A, 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 thereis input of the original face, and output of the face with

superimposed outlines.
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using a first-+meachinelearring 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 meachirelearning algorithm to
generate second reference data using the same training data as the first-mechine
tearaing-algorithm and the first reference data generated by the first machinetearning
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. 1A, 2A, 3A, 4A, 5A or 6A 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. 1A,
2A, 3A, 4A, 5A or 6A 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
editinginstructions, and once the makeupis acceptable, it movesto superimposingFig.
2A whichtakes the original face input (training data) and the output from “acceptable”

(firstmachine learning algorithm), and uses that for further editing.

Soare does not expressly disclose machine learningalgorithms. Ina relatedfield

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
claimedinvention to use a machine learningalgorithm as taught by Siddique. The
motivation for doing so would have beenthat machine learningalgorithms are efficient,
don’t require human intervention, and can continually improve. Therefore it would have

been obviousto combine Siddique with Soare to obtainthe invention.
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Regarding claim 10:

The method of claim 1, has all of its limitations taught by Soare in view of
Siddique. Soare further teaches wherein the first machiretearring algorithm is of a
different meachinedearning algorithm type than the second machine learning algorithm
(Soares Fig. 9: first algorithm superimposes Fig 1A, 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 supportvector machine and a generative adversarial
network (GAN) Soare does not expressly disclose machine learningalgorithms.Ina
relatedfield 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
claimedinvention to use a machine learningalgorithm as taught by Siddique. The
motivation for doing so would have beenthat machine learningalgorithms are efficient,
don’t require human intervention, and can continually improve. Further, this isa simple
substitution of algorithm types. Therefore it would have been obviousto 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 aperson'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 extendsin 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 afirst 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 adjusta 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 featureis the same for each input patch (Soare [0079]
In FIG. 6A, 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-machinelearning
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
tearning algorithm trained to generate second reference data, where the input forthe
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. 1A, 2A, 3A, 4A, 5A or 6A 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. 1A,
2A, 3A, 4A, 5A or 6A on the screen. Whenthere is a satisfactory or acceptable result
the user can move) since there is a superimposed outline of Fig. 1A on the face showing
editinginstructions, and once the makeupis acceptable, it movesto superimposingFig.
2A whichtakes the original face input (training data) and the output from “acceptable”

(firstmachine learningalgorithm), and uses that for further editing.

Soare does not expressly disclose machine learning algorithms. Ina relatedfield

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.)

Therefore, it would have been obvious before the effective filing date of the
claimedinvention to use a machine learningalgorithm as taught by Siddique. The
motivation for doing so would have beenthat machine learningalgorithms are efficient,
don’trequire human intervention, and can continually improve. Therefore it would have

been obviousto combine Siddique with Soare to obtainthe invention.

Regarding claim 27:

A method of training a machine learning algorithm to adjusta 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. 6A, 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, eyesincluding irises, supraorbital margins, ears, and

eyebrows and integrating features of the features of FIGS. 1-5 into the face.)

training a first reechinedearning algorithm using the training data to perform an
adjustment of a digital representation of a head region using the trained first rrechine
tearning 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 mechinedearning algorithm was trained to
perform and training a second meachinetearning algorithm using at least a subset of the
training data used to train the first maehinedearring algorithm and the first reference
data to performthe same adjustment of a digital representation of a head region as the
first meachineltearning algorithm (Soare Fig. 9-10 and [0088] At a next stage anyone or
more of the images from FIGS. 1A, 2A, 3A, 4A, 5A or 6A 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. 1A, 2A, 3A, 4A, 5A or 6A 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 showingeditinginstructions, and once the makeup is acceptable, it movesto
superimposing Fig. 2A which takes the original face input(training data) and the output

from “acceptable” (first machine learningalgorithm), and uses that for further editing.

Soare does not expressly disclose machine learning algorithms. Ina relatedfield

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
claimedinvention to use a machine learningalgorithm as taught by Siddique. The
motivation for doing so would have beenthat machine learningalgorithms are efficient,
don’t require human intervention, and can continuallyimprove. Therefore it would have

been obviousto combine Siddique with Soare to obtainthe invention.

Regarding claim 28:

The method of claim 27, has all of its limitations taught by Soare inview of
Siddique. Soare does not expressly disclose 2Dto 3D. In a related field of endeavor,

Siddique teaches:

wherein the adjustment of the digital representation comprises converting froma

two-dimensionaldigital 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
claimedinvention to use 2D to 3D conversion as taught by Siddique. The rationale for
doing so would have beenthat it combines prior art elements according to known
methodsto yield predictable results, where Siddique allows for the creation of 3D
modelsfrom 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 obviousto combine Siddique with Soare to obtainthe invention.

Regarding claim 30:

The method of claim 25, has all of its limitations taught by Soare inview 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 adjustthe further digital representation (Soare Fig. 9:
superimposing, comparison, and application is repeated for 1A, 2A, 3A, 4A, 5A, 6A)

since the head regionis 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 itis rejected under the same teachings.

Regarding claim 32:

The claim is a/an medium version of claim 1 where the medium storesand

performs the method. As such itisrejected 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 itis 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 learningalgorithms. Ina 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, alook-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
claimedinvention to use lookup tables as taught by Zhang. The rationale for doing so
would have beenthat itcombines prior art elementsaccording to known methodsto
yield predictable results since an algorithm such as a machine learningalgorithm can
include countlesstypes 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:

The method of claim 1, has all of its limitations taught by Soare in view of
Siddique. Soare does not expressly disclose compression. Ina 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
claimedinvention to use compression as taught by Warnes. The motivation for doingso
would have beento reduce data size (Warnes [0009]). Therefore it would have been

obviousto combine Warnes with Soare to obtain the invention.
Conclusion

13. Forthe 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 inguiry concerning this communication or earlier communications
from the examinershould be directed to IASON PRINGLE-PARKER whose telephone

numberis {5711272-5690 and e-mall s eon.pringlasy Hn.gay. The examiner

can normally be reached on 8:30am-5:00pm est Monday-Friday. If attempisto reach the
exarminer by telephone are unsuccessful, the examiner's supervisor, Barry Drannan can
be reached on {571} 270-7262. The fax phone number for the organization where this

application or proceeding is assignedis 571-273-8300.

information regarding the status of an application may be obiainedfrom the
Patent Application information Retrieval {PAIR] system, Status information for published

applications may be oblained from either Private PAIR or Public PAIR. Status information
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forunpublished applications is available through Private PAIR only. For more

oto.gov. Should you have

information about the PAIR system, seehitp:

guestions on access to the Private PAIRsystem, contact the Electronic Business Center
{EBLC) at 866-217-9197 {ioll-freel. if you would like assistance from a USPTO Customer
Servica Reprasantative or access to the automated information system, call 8-786-

5199 {INUSA ORCANADA} or 571-272-1000.
/JASON A PRINGLE-PARKER/

Primary Examiner, Art Unit 2618
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See attached certification statement.
The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

X A certification statement is not submitted herewith.

SIGNATURE

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

Signature [Brian E. Harris/ Date {(YYYY-MM-DD) 2019-03-08
Name/Print Brian E. Hamris Registration Number |48383

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.5.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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Receipt date: 03/08/2019 16/057,566 ~ GAU: 2618

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.5.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

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

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

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 3 U.S.C. 552a(m).

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

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

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

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.5.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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sceipt date: 03/08/2019 1E6/0587 564 -~ GaU: 261
Application Number 16057566

Filing Date 2018-08-07

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.29)

First Named Inventor ‘ Eric Sommerlade

Art Unit | 2618

Examiner Name ‘ PRINGLE-PARKER, JASON A.
Attorney Docket Number |409001

CERTIFICATION STATEMENT

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

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

OR

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

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

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

X A certification statement is not submitted herewith.

SIGNATURE

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

Signature [Brian E. Harris/ Date {(YYYY-MM-DD) 2019-03-08
Name/Print Brian E. Hamris Registration Number |48383

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.5.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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Receipt date: 03/08/2019 16/057,566 ~ GAU: 2618

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.5.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

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

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

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 3 U.S.C. 552a(m).

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

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

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

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.5.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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APPLICATION NO. 16/057,566
ATTORNEY DOCKET NO. 409001

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant(s): RealD Spark, LLC § Art Unit: 2618
Serial No.:  16/057,566 § Examiner: Pringle-Parker, Jason A
Filed: August 7, 2018 g Atty. Docket No.: 409001
§ Confirmation No.: 5211
Submitted via EFS

. (|
Mail Stop Amendment

Commissioner for Patents CERTIFICATE OF FILING ELECTRONICALLY VIA EFS
P. O. Box 1450 37CFR18
Alexandria, VA 22313-1450 I HEREBY CERTIFY THAT [ HAVE A REASONABLE BASIS FOR BELIEF THAT

THIS CORRESPONDENCE IS BEING SUBMITTED TO THE UNITED STATES
PATENT AND TRADEMARK OFFICE VIA EFS (ELECTRONICALLY) ON THE
DATE INDICATED BELOW, AND IS ADDRESSED TO:

MAIL STOP AMENDMENT

COMMISSIONER FOR PATENTS

PO Box 1450

ALEXANDRIA, VA 22313-1450

[Penny L Lowry/

Penny L. Lowry, Reg. No. 57186

DATE OF SUBMISSION: OCTOBER 15, 2019
ELECTRONIC FILING (EFS)

RESPONSE TO ELECTION/RESTRICTION REQUIREMENT

This communication is in response to the Restriction Requirement set forth in the office
action mailed August 15, 2019 (“Office Action”). Applicant notes that because the two-month

deadline for filing a response expires on October 15, 2019, this response is timely filed.

Listing of Claims begins on page 2 of this filing; and
Remarks begin on page 11 of this filing.

Page 1 0f 11
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Electronic Acknowledgement Receipt

EFS ID: 37461444
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: 15-0CT-2019
Filing Date: 07-AUG-2018
Time Stamp: 15:47:45
Application Type: Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document L. . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (if appl.)

119245

409001_Restriction_Response.

odf yes 11
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Multipart Description/PDF files in .zip description
Document Description Start End
Applicant Arguments/Remarks Made in an Amendment 1 11
Claims 2 10
Preliminary Amendment 1 1
Warnings:
Information:
Total Files Size (in bytes)1 119245

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

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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APPLICATION NO. 16/057,566
ATTORNEY DOCKET NO. 409001

REMARKS

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.

Respectfully submitted,

[Penny L Lowry/
Date: October 15, 2019 Penny L. Lowry, Reg. No. 57186
RealD Inc.
5700 Flatiron Parkway
Boulder, CO 80301
Tel: (303) 500-6030

Page 11 of 11
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APPLICATION NO. 16/057,566
ATTORNEY DOCKET NO. 409001

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

Page 2 of 11
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APPLICATION NO. 16/057,566
ATTORNEY DOCKET NO. 409001

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) 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

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
region;

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;

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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