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| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
11/907,188 03/20/2012 8139150 0124/0081 2611
21395 7590 02/29/2012
LOUIS WOO
LAW OFFICE OF LOUIS WOO
717 NORTH FAYETTE STREET

ALEXANDRIA, VA 22314

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 1196 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 hitp://pair.uspto.gov for additional applicants):

Hiroya Nakamura, Kanagawa-ken, JAPAN;
Motoharu Ueda, Kanagawa-ken, JAPAN;

IR103 (Rev. 10/09)

1 SAMSUNG 1002



gﬁ“ ANM

Page 1 of 1

Bib Data Sheet

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

PO. Box 1450

Alexandria, Vuginia 22313-1450

WWW.uspto gov

CONFIRMATION NO. 2611
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where
apé)ropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
indicated unlef:ss corrfected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
maintenance fee notifications.

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

21395 Eaper_s. Each additional paper, such as an assignment or formal drawing, must
ave its own certificate of mailing or transmission.

LOU | S WOO Certificate of Mailing or Transmission
I hereby certify that this Fee(s) Transmittal is being deposited with the United
LAW OFF[CE OF LOUIS WOO States Postal Service with sufficient postage for first class mail in an envelope

717 NORTH FAYETTE STREET s o the Ml Sop ISSUL T e sbove, o pemg il
ALEXANDRIA, VA 22314

(Depositor's name)

(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
11/907,188 10/10/2007 Hiroya Nakamura 0124/0081 2611
TITLE OF INVENTION:
I APPLN. TYPE I SMALL ENTITY | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE DATE DUE
nonprovisional NO $1740 $300 $0 $2040 03/05/2012
I EXAMINER | ART UNIT | CLASS-SUBCLASS |
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
CFR 1.363). . ) 1 Louis Woo
(1) the names of up to 3 registered patent attorneys
[ Change of correspondence address (or Change of Correspondence or agents OR, alternatively,
Address form PTO/SB/122) attached. ; . : 2
(2) the name of a single firm (having as a member a
[ "Fee Address"” indication (or "Fee Address" Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no nameis 3
Number is required. listed, no name will be printed.

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 has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)
VICTOR COMPANY OF JAPAN, LTD. YOKOHAMA, JAPAN

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

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
Issue Fee [ A check is enclosed.
Publication Fee (No small entity discount permitted) Payment by credit card. Form PTO-2038 is attached.
Advance Order - # of Copies 1 The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any
overpayment, to Deposit Account Number so-0s01 (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)
. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. e Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2).

NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in
interest as shown by the records of the United States Patent and Trademark Office.

February 14, 2012
31,730

/louis woo/

Authorized Signature Date

Louis Woo

Typed or printed name Registration No.

This collection of information 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 12 minutes to complete, including gathering, preparing, and
submutting 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 toage Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O.
Box 1450, AIexand%ia, 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.

PTOL-85 (Rev. 02/11) Approved for use through 08/31/2013. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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Privacy Act Statement

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

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

1.

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

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

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

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

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

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

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

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

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



Electronic Patent Application Fee Transmittal

Application Number:

11907188

Filing Date:

10-Oct-2007

Title of Invention:

METHOD AND APPARATUS FOR ENCODING AND DECODING MULTI-VIEW

VIDEO SIGNAL, AND RELATED COMPUTER PROGRAMS

First Named Inventor/Applicant Name:

Hiroya Nakamura

Filer:

Louis Woo/Trish Howe

Attorney Docket Number:

0124/0081

Filed as Large Entity

Utility under 35 USC 111(a) Filing Fees

Description

Fee Code

Quantity

Amount

Sub-Total in
UsD($)

Basic Filing:

Pages:

Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

Utility Appl issue fee

1501

1740

1740

Publ. Fee- early, voluntary, or normal

1504

300

300




Description

Fee Code

Quantity

Amount

Sub-Total in
UsD($)

Extension-of-Time:

Miscellaneous:

Printed copy of patent - no color

8001

Total in USD ($)

2043




Electronic Acknowledgement Receipt

EFS ID: 12069185
Application Number: 11907188
International Application Number:
Confirmation Number: 2611

Title of Invention:

METHOD AND APPARATUS FOR ENCODING AND DECODING MULTI-VIEW
VIDEO SIGNAL, AND RELATED COMPUTER PROGRAMS

First Named Inventor/Applicant Name:

Hiroya Nakamura

Customer Number:

21395

Filer:

Louis Woo/Trish Howe

Filer Authorized By: Louis Woo
Attorney Docket Number: 0124/0081
Receipt Date: 14-FEB-2012
Filing Date: 10-0CT-2007
Time Stamp: 11:24:57

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment

yes

Payment Type

Credit Card

Payment was successfully received in RAM

$2043

RAM confirmation Number

9317

Deposit Account

Authorized User

File Listing:

Document

Number Document Description

File Name

File Size(Bytes)/
Message Digest

Multi
Part /.zip

Pages
(if appl.)




74645
1 Issue Fee Payment (PTO-85B) 11—907188_Iss(;erFeeTrnsmt|. no 2
p 525e66d1c247c49abdf17906de7a5e72fff0
Warnings:
Information:
33757
2 Fee Worksheet (SB06) fee-info.pdf no 2
4b250413788de2908¢7311a2a65346e781¢
9baa8
Warnings:
Information:
Total Files Size (in bytes):i 108402

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.




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

21395 7590 12/05/2011 I EXAMINER |
LOUIS WOO NGUYEN, PHUONGCHAU BA
LAW OFFICE OF LOUIS WOO
717 NORTH FAYETTE STREET I ART UNIT PAPER NUMBER |
ALEXANDRIA, VA 22314 2464

DATE MAILED: 12/05/2011

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.

11/907,188 10/10/2007 Hiroya Nakamura 0124/0081 2611

TITLE OF INVENTION: METHOD AND APPARATUS FOR ENCODING AND DECODING MULTI-VIEW VIDEO SIGNAL, AND RELATED
COMPUTER PROGRAMS

APPLN. TYPE SMALL ENTITY ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional NO $1740 $300 $0 $2040 03/05/2012
THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW
DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the SMALL ENTITY status shown above.

If the SMALL ENTITY is shown as YES, verify your current
SMALL ENTITY status:

A. If the status is the same, pay the TOTAL FEE(S) DUE shown
above.

B. If the status above is to be removed, check box 5b on Part B -
Fee(s) Transmittal and pay the PUBLICATION FEE (if required)
and twice the amount of the ISSUE FEE shown above, or

If the SMALL ENTITY is shown as NO:
A. Pay TOTAL FEE(S) DUE shown above, or

B. If applicant claimed SMALL ENTITY status before, or is now
claiming SMALL ENTITY status, check box 5a on Part B - Fee(s)
Transmittal and pay the PUBLICATION FEE (if required) and 1/2

the ISSUE FEE shown above.

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 (f 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.

II. 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: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.

Page 1 of 3
PTOL-85 (Rev. 02/11)



PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where

apé)ropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as

indicated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
maintenance fee notifications.

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

Eapers. Each additional paper, such as an assignment or formal drawing, must

ave its own certificate of mailing or transmission.

21395 7590 12/05/2011
LOUIS WOO Certificate of Mailing or Transmission
I hereby certify that this Fee(s) Transmittal is being deposited with the United
LAW OFFICE OF LOUIS WOO States Postal Service with sufficient postage for first class mail in an envelope
717 NORTH FAYETTE STREET addressed to the Mail Stop ISSUE FEE address above, or being facsimile

ALEXANDRIA. VA 22314 transmitted to the USPTO (571) 273-2885, on the date indicated below.

(Depositor's name)

(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
11/907,188 10/10/2007 Hiroya Nakamura 0124/0081 2611
TITLE OF INVENTION: METHOD AND APPARATUS FOR ENCODING AND DECODING MULTI-VIEW VIDEO SIGNAL, AND RELATED
COMPUTER PROGRAMS
I APPLN. TYPE SMALL ENTITY | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional NO $1740 $300 $0 $2040 03/05/2012
I EXAMINER | ART UNIT | CLASS-SUBCLASS |
NGUYEN, PHUONGCHAU BA 2464 348-409100
1. ChangGe ())f correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
CER 1.363). 1

(1) the names of up to 3 registered patent attorneys
[ Change of correspondence address (or Change of Correspondence or agents OR, alternatively,

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

[ "Fee Address"” indication (or "Fee Address" Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no name is 3
Number is required. listed, no name will be printed.

had

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 has been filed for
recordation as set forth in 37 CFR 3.11. 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. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
[ Issue Fee [ A check is enclosed.
[ Publication Fee (No small entity discount permitted) | Payment by credit card. Form PTO-2038 is attached.
[J Advance Order - # of Copies [ The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any
overpayment, to Deposit Account Number (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)
. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. e Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2).

NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in
interest as shown by the records of the United States Patent and Trademark Office.

Authorized Signature Date

Typed or printed name Registration No.

This collection of information 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 12 minutes to complete, including gathering, preparing, and
submutting 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 toage Cﬁief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O.
Box 1450, AIexand%'ia, 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.

PTOL-85 (Rev. 02/11) Approved for use through 08/31/2013. 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. |
11/907,188 10/10/2007 Hiroya Nakamura 0124/0081 2611
21395 7590 12/05/2011 I EXAMINER |
LOUIS WOO NGUYEN, PHUONGCHAU BA
LAW OFFICE OF LOUIS WOO
717 NORTH FAYETTE STREET | ART UNIT PAPER NUMBER |
ALEXANDRIA, VA 22314 vt

DATE MAILED: 12/05/2011

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

The Patent Term Adjustment to date is 1001 day(s). If the issue fee is paid on the date that is three months after the
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half
months) after the mailing date of this notice, the Patent Term Adjustment will be 1001 day(s).

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 Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.

Page 3of 3
PTOL-85 (Rev. 02/11)
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Privacy Act Statement

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

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

1.

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

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

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

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

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

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

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

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

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local
law enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or
regulation.
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11/907,188 NAKAMURA ET AL.

Notice of Allowability Examiner Art Unit

PHUONGCHAU BA NGUYEN 2464

-- 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. [X] This communication is responsive to 171-21-11.

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. X The allowed claim(s) is/are 2-5; Renumbered as 1-4, respectively.

4. [X] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)X] Al b)[J Some* c¢)[JNone ofthe:
1. [X] Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).
* Certified copies not received: ___

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

5. [J A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER'S AMENDMENT or NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient.
6. [ ] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.
(a) [ including changes required by the Notice of Draftsperson’s Patent Drawing Review ( PTO-948) attached
1) [ hereto or 2) [] to Paper No./Mail Date _____.
(b) [ 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).

7. ] 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.
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1. [J Notice of References Cited (PTO-892) 5. [J Notice of Informal Patent Application
2. [] Notice of Draftperson’s Patent Drawing Review (PTO-948) 6. [ Interview Summary (PTO-413),
Paper No./Mail Date .
3. [ Information Disclosure Statements (PTO/SB/08), 7. [J Examiner's Amendment/Comment
Paper No./Mail Date
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9. [ Other .
U.S. Patent and Trademark Office
PTOL-37 (Rev. 03-11) Notice of Allowability Part of Paper No./Mail Date 20111130
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Application/Control Number: 11/907,188 Page 2
Art Unit: 2464

REASONS FOR ALLOWANCE
1. The following is an examiner’s statement of reasons for allowance:

Regarding claim 2, The prior art of the record fails to teach an apparatus for
decoding a coded multi-view video signal including coded signals resulting from
encoding picture signals corresponding to different viewpoints respectively, wherein at
least one among the viewpoints is designated as a base viewpoint, the base viewpoint
corresponding to a picture signal which is encoded without referring to at least one
picture signal corresponding to one of the viewpoints except the base viewpoint, and
wherein the coded multi-view video signal contains coded information representing a
desired delay time of the start of decoding a coded signal originating from each of the
picture signals corresponding to the viewpoints except the base viewpoint relative to the
start of decoding a coded signal originating from the picture signal corresponding to the
base viewpoint, the apparatus comprising: "fourth means for delaying the decoding of
the coded signals by the third means relative to the decoding of the coded signal by the
second means by time intervals equal to the desired delay times recovered by the first
means," which is considered in combination with other limitations, as specified as, in the
independent claim 2.

Regarding claim 3, The prior art of the record fails to teach a method of decoding
a coded multi-view video signal including coded signals resulting from encoding picture
signals corresponding to different viewpoints respectively, wherein at least one among
the viewpoints is designated as a base viewpoint, the base viewpoint corresponding to a

picture signal which is encoded without referring to at least one picture signal
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corresponding to one of the viewpoints except the base viewpoint, and wherein the
coded multi-view video signal contains coded information representing a desired delay
time of the start of decoding a coded signal originating from each of the picture signals
corresponding to the viewpoints except the base viewpoint relative to the start of
decoding a coded signal originating from the picture signal corresponding to the base
viewpoint, the method comprising the steps of: "delaying the decoding of the coded
signals originating from the picture signals corresponding to the viewpoints except the
base viewpoint relative to the decoding of the coded signal originating from the picture
signal corresponding to the base viewpoint by time intervals equal to the recovered
desired delay times," which is considered in combination with other limitations, as
specified as, in the independent claim 3.

Regarding claim 4, The prior art of the record fails to teach a non-transitory
computer program stored in a computer readable medium for decoding a coded multi-
view video signal including coded signals resulting from encoding picture signals
corresponding to different viewpoints respectively, wherein at least one among the
viewpoints is designated as a base viewpoint, the base viewpoint corresponding to a
picture signal which is encoded without referring to at least one picture signal
corresponding to one of the viewpoints except the base viewpoint, and wherein the
coded multi-view video signal contains coded information representing a desired delay
time of the start of decoding a coded signal originating from each of the picture signals
corresponding to the viewpoints except the base viewpoint relative to the start of

decoding a coded signal originating from the picture signal corresponding to the base

15



Application/Control Number: 11/907,188 Page 4
Art Unit: 2464

viewpoint, the computer program comprising the steps of: “delaying the decoding of the
coded signals originating from the picture signals corresponding to the viewpoints
except the base viewpoint relative to the decoding of the coded signal originating from
the picture signal corresponding to the base viewpoint by time intervals equal to the
recovered desired delay times,” which is considered in combination with other
limitations, as specified as, in the independent claim 4.

Regarding claim 5, The prior art of the record fails to teach a method of decoding
a coded multi-view video signal including coded signals resulting from encoding picture
signals corresponding to different viewpoints respectively, wherein at least one among
the viewpoints is designated as a base viewpoint, the base viewpoint corresponding to a
picture signal which is encoded without referring to at least one picture signal
corresponding to one of the viewpoints except the base viewpoint, and wherein the
coded multi-view video signal contains coded information about view dependencies
representing which of the picture signals are referred to as reference signals for the
encoding of each of the picture signals, the method comprising the steps of: "delaying
the decoding of the coded signals originating from the picture signals corresponding to
the viewpoints except the base viewpoint relative to the decoding of the coded signal
originating from the picture signal corresponding to the base viewpoint by time intervals
equal to the computed desired delay times," which is considered in combination with
other limitations, as specified as, in the independent claim 5.

Any comments considered necessary by applicant must be submitted no later

than the payment of the issue fee and, to avoid processing delays, should preferably
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accompany the issue fee. Such submissions should be clearly labeled “Comments on

Statement of Reasons for Allowance.”

2. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to PHUONGCHAU BA NGUYEN whose telephone number
is (571)272-3148. The examiner can normally be reached on Monday 7:30 a.m.-5:00
p.m., Tuesday-Thursday 8:30 a.m. to 6:00 p.m., Friday 8:30 a.m. to 5:00 p.m. and OFF
Every Other Friday.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Ricky Ngo can be reached on 571-272-3139. The fax phone number for the
organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.

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

/Ricky Ngo/ /PHUONGCHAU BA NGUYEN/
Supervisory Patent Examiner, Art Unit 2464 Examiner, Art Unit 2464
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of:

Hiroya NAKAMURA et al.

Serial No. 11/907,188 Art Unit: 2464
Filed: October 10, 2007 Examiner: Nguyen, Phuongchau Ba
For: METHOD AND APPARATUS Atty Docket: 0124/0081

FOR ENCODING AND

DECODING MULTI-VIEW

VIDEO SIGNAL, AND

RELATED COMPUTER

PROGRAMS

AMENDMENT

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
Sir:

This is in response to the Office Action dated September 7, 2011. Please

amend the above-identified application as follows.

Cancel claim 1.

Amend claim 4.
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Amendments to the Claims

1. (Cancel)

2. (Original) An apparatus for decoding a coded multi-view video signal including
coded signals resulting from encoding picture signals corresponding to different
viewpoints respectively, wherein at least one among the viewpoints is designated as a
base viewpoint, the base viewpoint corresponding to a picture signal which is encoded
without referring to at least one picture signal corresponding to one of the viewpoints
except the base viewpoint, and wherein the coded multi-view video signal contains
coded information representing a desired delay time of the start of decoding a coded
signal originating from each of the picture signals corresponding to the viewpoints
except the base viewpoint relative to the start of decoding a coded signal originating
from the picture signal corresponding to the base viewpoint, the apparatus comprising:

first means for decoding the coded information in the coded multi-view video
signal to recover the desired delay times for the coded signals originating from the
picture signals corresponding to the viewpoints except the base viewpoint;

second means for decoding the coded signal originating from the picture signal
corresponding to the base viewpoint;

third means for decoding the coded signals originating from the picture signals
corresponding to the viewpoints except the base viewpoint; and

fourth means for delaying the decoding of the coded signals by the third means
relative to the decoding of the coded signal by the second means by time intervals

equal to the desired delay times recovered by the first means.

3. (Original) A method of decoding a coded multi-view video signal including coded
signals resulting from encoding picture signals corresponding to different viewpoints
respectively, wherein at least one among the viewpoints is designated as a base
viewpoint, the base viewpoint corresponding to a picture signal which is encoded

without referring to at least one picture signal corresponding to one of the viewpoints

2 (S.N. 11/907,188)
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except the base viewpoint, and wherein the coded multi-view video signal contains
coded information representing a desired delay time of the start of decoding a coded
signal originating from each of the picture signals corresponding to the viewpoints
except the base viewpoint relative to the start of decoding a coded signal originating
from the picture signal corresponding to the base viewpoint, the method comprising the
steps of:

decoding the coded information in the coded multi-view video signal to recover
the desired delay times for the coded signals originating from the picture signals
corresponding to the viewpoints except the base viewpoint;

decoding the coded signal originating from the picture signal corresponding to
the base viewpoint;

decoding the coded signals originating from the picture signals corresponding to
the viewpoints except the base viewpoint; and

delaying the decoding of the coded signals originating from the picture signals
corresponding to the viewpoints except the base viewpoint relative to the decoding of
the coded signal originating from the picture signal corresponding to the base viewpoint

by time intervals equal to the recovered desired delay times.

4. (Currently amended) A non-transitory computer program stored in a computer
readable medium for decoding a coded multi-view video signal including coded signals
resulting from encoding picture signals corresponding to different viewpoints
respectively, wherein at least one among the viewpoints is designated as a base
viewpoint, the base viewpoint corresponding to a picture signal which is encoded
without referring to at least one picture signal corresponding to one of the viewpoints
except the base viewpoint, and wherein the coded multi-view video signal contains
coded information representing a desired delay time of the start of decoding a coded
signal originating from each of the picture signals corresponding to the viewpoints
except the base viewpoint relative to the start of decoding a coded signal originating
from the picture signal corresponding to the base viewpoint, the computer program

comprising the steps of:

3 (S.N. 11/907,188)
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decoding the coded information in the coded multi-view video signal to recover
the desired delay times for the coded signals originating from the picture signals
corresponding to the viewpoints except the base viewpoint;

decoding the coded signal originating from the picture signal corresponding to
the base viewpoint;

decoding the coded signals originating from the picture signals corresponding to
the viewpoints except the base viewpoint; and

delaying the decoding of the coded signals originating from the picture signals
corresponding to the viewpoints except the base viewpoint relative to the decoding of
the coded signal originating from the picture signal corresponding to the base viewpoint

by time intervals equal to the recovered desired delay times.

5. (Original) A method of decoding a coded multi-view video signal including coded
signals resulting from encoding picture signals corresponding to different viewpoints
respectively, wherein at least one among the viewpoints is desighated as a base
viewpoint, the base viewpoint corresponding to a picture signal which is encoded without
referring to at least one picture signal corresponding to one of the viewpoints except the
base viewpoint, and wherein the coded multi-view video signal contains coded
information about view dependencies representing which of the picture signals are
referred to as reference signals for the encoding of each of the picture signals, the
method comprising the steps of:

decoding the coded information in the coded multi-view video signal to recover
the view dependencies;

computing a desired delay time of the start of decoding a coded signal originating
from each of the picture signals corresponding to the viewpoints except the base
viewpoint relative to the start of decoding a coded signal originating from the picture
signal corresponding to the base viewpoint in response to the recovered view
dependencies;

decoding the coded signal originating from the picture signal corresponding to the

base viewpoint;

4 (S.N. 11/907,188)
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decoding the coded signals originating from the picture signals corresponding to
the viewpoints except the base viewpoint; and

delaying the decoding of the coded signals originating from the picture signals
corresponding to the viewpoints except the base viewpoint relative to the decoding of the
coded signal originating from the picture signal corresponding to the base viewpoint by

time intervals equal to the computed desired delay times.

5 (S.N. 11/907,188)
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Remarks

This is in response to the Office Action dated September 7, 2011.

Per the above amendment, claim 1 has been canceled.

In response to the Section 101 rejection, in light of the helpful suggestion by the
examiner, claim 4 has been amended by adding the limitation “non-transitory” thereto. It
is therefore believed that claim 4 is now directed to statutory subject matter. If the
examiner thinks that the term “non-transitory” should be placed somewhere else in claim

4, she is requested to contact the undersigned.

Now that all outstanding issues are believed to have been removed, the examiner

is respectfully requested to pass the case to issue.

One final thing. Applicant had filed a Request to Add Priority Application along
with a Declaration and Power of Attorney and a Supplemental Application Data Sheet
on January 17, 2008 listing the priority documents. So far there has not been any
acknowledgement from the PTO to this Request. If it is within the examiner’'s purview to
do so, the examiner is respectfully requested to update the file of this case to reflect the

additional claimed priority document.

Respectfully submitted,

/louis woo/
Louis Woo, Reg. No. 31,730

Law Offices of Louis Woo

717 North Fayette Street

Alexandria, Virginia 22314
Date: _November 21, 2011 Phone: (703) 299-4090

6 (S.N. 11/907,188)
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Claim Rejections - 35 USC § 101

1. 35 U.S.C. 101 reads as follows:

Whoever invents or discovers any new and useful process, machine, manufacture, or composition of
matter, or any new and useful improvement thereof, may obtain a patent therefor, subject to the
conditions and requirements of this title.

2. Claim 4 is rejected under 35 U.S.C. 101 because the claimed invention of a
computer-readable medium including computer-executable instructions is directed to
non-statutory subject matter. The computer readable medium (also called machine
readable medium and other such variations) typically covers forms of non-transitory

tangible media and fransitory propagating signals per se, particularly when the

specification is silent. When the broadest reasonable interpretation of a claim covers a
signal per se, the claims are rejected under 35 U.S.C. § 101 as covering non-statutory
subject matter. It is suggested that the claims be amended to narrow the claim to cover
only statutory embodiments to avoid a rejection under 35 U.S.C. § 101 by adding the
limitation “non-transitory” to the claim. Such an amendment would typically not raise
the issue of new matter, even when the specification is silent because the broadest
reasonable interpretation relies on the ordinary and customary meaning that includes

signals per se.

Claim Rejections - 35 USC § 103
3. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set
forth in section 102 of this title, if the differences between the subject matter sought to be patented and
the prior art are such that the subject matter as a whole would have been obvious at the time the
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invention was made to a person having ordinary skill in the art to which said subject matter pertains.
Patentability shall not be negatived by the manner in which the invention was made.

4. Claim 1 is rejected under 35 U.S.C. 103(a) as being unpatentable over Haskell

(6,055,012) in view of Toma (US 2007/0171976 A1).

Regarding claim 1,

Haskell (6,055,012) discloses a method of encoding a multi-view video signal
including picture signals corresponding to different viewpoints respectively, the method
comprising the steps of:

designating at least one among the viewpoints as a base viewpoint (super-view
1, figs.17-19), the base viewpoint corresponding to a picture signal (P or | frame) which
is encoded without referring to at least one picture signal corresponding to one of the
viewpoints except the base viewpoint (col.13, line 59-col.14, line 5 and fig.17; see also
col.14, lines 45-57 and fig.18; & col.15, lines 35-38 and fig.19);

a delay time (initial delay, col. 14, lines 27-29; col.15, lines 8-12 and 16-17) of the
start of decoding a coded signal (B or P picture) originating from each of the picture
signals (i.e., each of the |, B and P pictures, figs.17-19) corresponding to the viewpoints
(i.e., super-view 2, figs. 17-19) except the base viewpoint (super-view 1) relative to the
start of decoding a coded signal originating from the picture signal corresponding to the
base viewpoint (super-view 1, figs.17-19 & see col.14, lines 7-26, 58-col.15, lines 8 and

13-16),

Haskell does not explicitly disclose “determining a desired delay time...and

generating information representing the determined delay time; and encoding the
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generated information”.

However, in the same field of endeavor, Toma (US 2007/0171976 A1) discloses
determining a desired delay time (step 401-fig.16 for setting a value of frame delay in
the coded stream, see 0112)...and generating information representing the determined
delay time (step 404-fig.16 for generating frame delay information & step 405-fig.16 for
generating management information indicating frame delay information),; and encoding
the generated information (step 406-fig.16 for multiplexing the coded stream and the
management information, see also 0113-0117 and fig.17 wherein the multiplexing
apparatus 100B includes a frame delay determination 41 and a coding unit 42-which
codes the input moving picture data based on the frame delay indicated by delay

information dlyinf-fig.17).

Therefore, it would have been obvious to an artisan at the time of the invention
was made to apply Toma’s teaching to Haskell’s system for determining the desired
delay time of frames and coding the input pictures based on the frame delay
information, with the motivation being to prevent the occurrence of a gap at the
connection of these access units at the time of decoding means so that to prevent the
occurrence of a gap in a display interval of pictures and prevent the occurrence of an

overlap in a decoding interval of the pictures.

Allowable Subject Matter

5. Claims 2-3, and 5 are allowed.
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6. The following is a statement of reasons for the indication of allowable subject
matter:

Regarding claim 2, The prior art of the record fails to teach an apparatus for
decoding a coded multi-view video signal including coded signals resulting from
encoding picture signals corresponding to different viewpoints respectively, wherein at
least one among the viewpoints is designated as a base viewpoint, the base viewpoint
corresponding to a picture signal which is encoded without referring to at least one
picture signal corresponding to one of the viewpoints except the base viewpoint, and
wherein the coded multi-view video signal contains coded information representing a
desired delay time of the start of decoding a coded signal originating from each of the
picture signals corresponding to the viewpoints except the base viewpoint relative to the
start of decoding a coded signal originating from the picture signal corresponding to the
base viewpoint, the apparatus comprising: “fourth means for delaying the decoding of
the coded signals by the third means relative to the decoding of the coded signal by the
second means by time intervals equal to the desired delay times recovered by the first
means,” which is considered in combination with other limitations, as specified as, in the

independent claim 2.

Regarding claim 3, The prior art of the record fails to teach a method of decoding
a coded multi-view video signal including coded signals resulting from encoding picture
signals corresponding to different viewpoints respectively, wherein at least one among

the viewpoints is designated as a base viewpoint, the base viewpoint corresponding to a
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picture signal which is encoded without referring to at least one picture signal
corresponding to one of the viewpoints except the base viewpoint, and wherein the
coded multi-view video signal contains coded information representing a desired delay
time of the start of decoding a coded signal originating from each of the picture signals
corresponding to the viewpoints except the base viewpoint relative to the start of
decoding a coded signal originating from the picture signal corresponding to the base
viewpoint, the method comprising the steps of: “delaying the decoding of the coded
signals originating from the picture signals corresponding to the viewpoints except the
base viewpoint relative to the decoding of the coded signal originating from the picture
signal corresponding to the base viewpoint by time intervals equal to the recovered
desired delay times,” which is considered in combination with other limitations, as

specified as, in the independent claim 3.

Regarding claim 5, The prior art of the record fails to teach a method of decoding
a coded multi-view video signal including coded signals resulting from encoding picture
signals corresponding to different viewpoints respectively, wherein at least one among
the viewpoints is designated as a base viewpoint, the base viewpoint corresponding to a
picture signal which is encoded without referring to at least one picture signal
corresponding to one of the viewpoints except the base viewpoint, and wherein the
coded multi-view video signal contains coded information about view dependencies
representing which of the picture signals are referred to as reference signals for the

encoding of each of the picture signals, the method comprising the steps of: “delaying
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the decoding of the coded signals originating from the picture signals corresponding to
the viewpoints except the base viewpoint relative to the decoding of the coded signal
originating from the picture signal corresponding to the base viewpoint by time intervals
equal to the computed desired delay times,” which is considered in combination with

other limitations, as specified as, in the independent claim 5.

7. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to PHUONGCHAU BA NGUYEN whose telephone number
is (571)272-3148. The examiner can normally be reached on Monday-Friday from
10:15 a.m. to 4:45 p.m..

If attempts to reach the examiner by telephone are unsuccessful, the examiner's
supervisor, Ricky Ngo can be reached on 571-272-3139. The fax phone number for the
organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.

Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.
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/Ricky Ngo/ //PHUONGCHAU BA NGUYEN//
Supervisory Patent Examiner, Art Unit 2464 Examiner, Art Unit 2464
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in re Application of:
Hiroya NAKAMURA et al.

Serial No. 11/907,188 . Art Unit:

Filed: October 10, 2007 . Examiner: ’
For. METHOD AND APPARATUS FOR :  Atty Docket: 0124/0081

ENCODING AND DECODING
MULTI-VIEW VIDEO SIGNAL,
AND RELATED COMPUTER
PROGRAMS

REQUEST TO ADD PRIORITY APPLICATION
AND
SUBMISSION OF DECLARATION /POWER OF ATTORNEY

Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450
Sir:

Applicants request the addition of Japanese priority application No. 2007-261773
filed on October 5, 2007 as part of the Japanese priority data information for the above-
identified application.

Submitted herewith please find a new Declaration/Power of Attorney having listed
thereon the Japanese priority application No. 2007-261773. Further attached is a
Supplemental Application Data Sheet also reflecting the newly added priority application.

Respectfully submitted,

; -— ———

Louis Woo, Reg. No. 31,730
Law Offices of Louis Woo
717 North Fayette Street
Alexandria, Virginia 22314
Date: }w\ [§ 2ol Phone: (703) 299-4090
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VH 18 v %

ON FOR UTILITY OR DESIGN APPLICATION (37 CFR 1.63) and

POWER OF ATTORNEY
Attorney Ref. No.

As a below-named inventor, | hereby declare that each inventor’s residence, mail address and citizenship are as stated below next to their
name. | believe the inventor(s) named below to be the original, first and sole inventor (if only one name is listed below) or the original, first
and joint inventors (if plural names are listed below) of the subject matter which is claimed and for which a patent is sought on the invention
entitted METHOD AND APPARATUS FOR ENCODING AND DECODING MULTI-VIEW VIDEO SIGNAL, AND RELATED COMPUTER
PROGRAMS, the specification of which

(Check O is attached hereto.
one) [X] was filed on October 10, 2007 as Application Serial No. 11/907,188
and was amended on (if applicable).

| hereby state that | have reviewed and understand the contents of the above-identified specification, including the claims, as amended by
any amendment specifically referred to above, and acknowledge the duty to disclose information which is material to the patentability as
defined in 37 CFR 1.56, including for continuation-in-part applications, material information which became available between the filing
date of the prior application and the national or PCT international filing date of the continuation-in-part application.

I hereby claim foreign priority benefits under 35 U.S.C. 119 (a)-(d) or (f), or 365(b) of any foreign application(s) for patent, inventor's or
plant breeder's rights certificate(s), or 365(a) of any PCT international application which designated at least one country other than United
States of America, listed below and have also identified below, by checking the box, any foreign application for patent, inventor's or plant
breeder’s rights certificate(s), or any PCT international application having a filing date before that of the application on which priority is
claimed.

FOREIGN APPLICATION(S), IF ANY, REFERRED TO ABOVE

APPLICATION NUMBER COUNTRY FILING DATE PRIORITY CERTIFIED COPY ATTACHED
CLAIMED
2006-279364 Japan October 13, 2006 YES YES_O NO _ [
2006-354878 Japan December 28, 2006 YES YES OO0 NO_ X
2007-261773 Japan Qctober 5, 2007 YES YES O NO_[X

| hereby claim benefit under 35 U.S.C. 120 of any U.S. application(s) listed below.

APPLICATION SERIAL NUMBER DATE STATUS

| hereby appoint Louis Woo, RN 31,730, Conrad Clark, RN 30,340 and Christopher Brody, RN 33,613 as my/our attorneys with full power
of substitution and revocation, to prosecute the application identified above and to transact all business in the United States Patent and
Trademark Office connected therewith.

Direct all correspondence to the address associated with Customer Number 021395

LAW OFFICES OF LOUIS WOO, 717 North Fayette Street, Alexandria, Virginia 22314
Telephone: (703) 299-4090

| hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and belief are
believed to be true; and further that these statements were made with knowledge that willful false statements and the like so made are
punishable by fine, imprisonment, or both, under 18 U.S.C. 1001 and that such willful false statements may jeopardize the validity of the
application or any patent issuing thereon.

Note:  Please sign one full given name and your surname, using initials where appropriate for other names.

December 18, 2007

1. Full name of inventor Hiroya Nakamura Date:
Inventor's signature /74////7/VZA‘/£ = M’Ah/ﬂ%
Residence Kanagawa-ken, Japar<

Mail Address VICTOR COMPANY OF JAPAN LIMITED
12, 3-chome, Moriya-cho, Kanagawa-ku, Yokohama-shi, Kanagawa-ken, Japan
Citizenship Japanese
X Additional inventor(s) listed
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ADDED PAGE TO COMBINED DECLARATION AND POWER OF ATTORNEY
FOR SIGNATURE BY SECOND AND SUBSEQUENT INVENTORS

VH 78u< 2/,

Atty Ref. No.

bate. December 18, 2007

Full name of inventor Motoharu Ueda
Inventor's signature WMM wdﬁt
Residence Kanagawa-ken, Japan

Mail Address VICTOR COMPANY OF JAPAN LIMITED

12, 3-chome, Moriya-cho, Kanagawa-ku, Yokohama-shi, Kanagawa-ken, Japan

Citizenship Japanese

Full name of inventor Date:
Inventor's signature

Residence

Mail Address

Citizenship

Full name of inventor Date:
Inventor's signature

Residence

Mail Address

Citizenship

Full name of inventor Date:
Inventor's signature

Residence

Mail Address

Citizenship
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TITLE OF THE INVENTION

METHOD AND APPARATUS FOR ENCODING AND DECODING
MULTI-VIEW VIDEO SIGNAL, AND RELATED COMPUTER PROGRAMS
BACKGROUND OF THE INVENTION

Field of the Invention

This invention relates to a method, an apparatus, and a computer
program for encoding signals representative of multi-view video taken from
multiple viewpoints. In addition, this invention relates to a method, an
apparatus, and a computer program for decoding coded data representative
of multi-view video taken from multiple viewpoints.

Description of the Related Art

An MPEG (Moving Picture Experts Group) encoder compressively
encodes a digital signal (data) representing a video sequence. The MPEG
encoder performs motion-compensated prediction and orthogonal
transform with respect to the video signal to implement highly efficient
encoding and data compression. The motion-compensated prediction
utilizes a temporal redundancy in the video signal for the data compression.
The orthogonal transform utilizes a spatial redundancy in the video signal
for the data compression. Specifically, the orthogonal transform is
discrete cosine transform (DCT).

MPEG-2 Video (ISO/IEC 13818-2) established in 1995 prescribes
the coding of a video sequence. MPEG-2 Video encoders and decoders can
handle interlaced scanning pictures, progressive scanning pictures, SDTV
(standard definition television) pictures, and HDTV (high definition
television) pictures. The MPEG-2 Video encoders and decoders are used in
various applications such as the recording and playback of data on and
from a DVD or a D-VHS recording medium, and digital broadcasts.

MPEG-4 Visual (ISO/IEC 14496-2) established in 1998 prescribes
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the highly efficient coding of a video signal in applications such as
network-based data transmission and portable terminal devices.

The standard called MPEG-4 AVC/H.264 (14496-10 in ISO/IEC,
H.264 in ITU-T) has been established by the cooperation of ISO/IEC and
ITU-T in 2003. MPEG-4 AVC/H.264 provides a higher coding efficiency
than that of the MPEG-2 Video or the MPEG-4 Visual.

According to the MPEG-2 Video or the MPEG-4 Visual, the coding of
a P picture of interest includes motion-compensated prediction which is
implemented from only a P picture or an I picture immediately preceding
the P picture of interest as viewed in the picture display order. On the
other hand, in the picture coding based on the MPEG-4 AVC/H.264, a
plurality of pictures can be used as reference pictures for the coding of a
picture of interest, and one can be selected therefrom on a block-by-block
basis and motion-compensated prediction for the coding of the picture of
interest can be performed in response to the selected picture.
Furthermore, in addition to pictures preceding a picture of interest as
viewed in the picture display order, pictures following the picture of interest
can be used as reference pictures.

According to the MPEG-2 Video or the MPEG-4 Visual, the coding of
a B picture of interest refers to one reference picture preceding the B picture
of interest, one reference picture following the B picture of interest as
viewed in the picture display order, or both the preceding and following
reference pictures on a simultaneous basis. In the latter case, the mean
between the preceding and following reference pictures is used as a
predicted picture, and the difference between the B picture of interest and
the predicted picture is coded. On the other hand, in the picture coding
based on the MPEG-4 AVC/H.264, reference pictures can arbitrarily be

selected and used for prediction while being not limited to one preceding
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reference picture and one following reference picture. Furthermore, a B
picture can be used as a reference picture.

According to the MPEG-2 Video, a coding mode is decided on a
picture-by-picture basis. According to the MPEG-4 Visual, a coding mode
is decided on a VOP-by-VOP basis, where VOP denotes a video object plane.
In the picture coding based on the MPEG-4 AVC/H.264, slices are coding
units. One picture can be composed of different-type slices such as I slices,
P slices, and B slices.

The MPEG-4 AVC/H.264 defines a NAL (network abstraction layer)
and a VCL (video coding layer) for encoding and decoding video pixel signals
inclusive of a coding mode, motion vectors, DCT coefficients, and others.

A coded bitstream generated in conformity with the MPEG-4
AVC/H.264 is composed of NAL units. Generally, NAL units are VCL NAL
units and non-VCL NAL units. Every VCL NAL unit contains data (a
coding mode, motion vectors, DCT coefficients, and others) resulting from
the coding by the VCL. Every non-VCL NAL unit does not contain such
data. Non-VCL NAL units include an SPS (sequence parameter set), a PPS
(picture parameter set), and SEI (supplemental enhancement information).
The SPS contains parameter information about the coding of the whole of
the original video sequence. The PPS contains parameter information
about the coding of a picture. The SEI is not essential to the decoding of
VCL-coded data.

In the picture coding based on the MPEG-4 AVC/H.264, every
picture is divided into slices, and coding units are such slices. VCL NAL
units are assigned to slices, respectively. Access units each composed of
some NAL units are introduced in order to handle information represented
by the coded bitstream on a picture-by-picture basis. One access unit has

one coded picture.
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In a binocular stereoscopic television system, two cameras take
pictures of a scene for viewer's left and right eyes (left and right views) in two
different directions respectively, and the pictures are indicated on a
common screen to present the stereoscopic pictures to a viewer. Generally,
the left-view picture and the right-view picture are handled as independent
pictures respectively. Accordingly, the transmission of a signal
representing the left-view picture and the transmission of a signal
representing the right-view picture are separate from each other. Similarly,
the recording of a signal representing the left-view picture and the recording
of a signal representing the right-view picture are separate from each other.
When the left-view picture and the right-view picture are handled as
independent pictures respectively, the necessary total amount of coded
picture information is equal to about twice that of information representing
only a monoscopic picture (a single two-dimensional picture).

There has been a proposed stereoscopic television system designed
so as to reduce the total amount of coded picture information. In the
proposed stereoscopic television system, one of left-view and right-view
pictures is labeled as a base picture while the other is set as a sub picture.

Japanese patent application publication number 61-144191/1986
discloses a transmission system for stereoscopic pictures. In the system of
Japanese application 61-144191/1986, each of left-view and right-view
pictures is divided into equal-size small areas called blocks. One of the
left-view and right-view pictures is referred to as the first picture while the
other is called the second picture. A window equal in shape and size to one
block is defined in the first picture. For every block of the second picture,
the difference between a signal representing a first-picture portion filling
the window and a signal representing the present block of the second

picture is calculated as the window is moved throughout a given range
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centered at the first-picture block corresponding to the present block of the
second picture. Detection is made as to the position of the window at
which the calculated difference is minimized. The deviation of the detected
window position from the position in the first-picture block corresponding
to the present block of the second picture is labeled as a position change
quantity.

In the system of Japanese application 61-144191/1986, the blocks
constituting one of the left-view and right-view pictures are shifted in
accordance with the position change quantities. A difference signal is
generated which represents the difference between the block-shift-resultant
picture and the other picture. The difference signal, informatioﬁ
representing the position change quantities, and information representing
one of the left-view and right-view pictures are transmitted.

Stereoscopic video coding called Multi-view Profile (ISO/IEC
13818-2/AMD3) has been added to MPEG-2 Video (ISO/IEC 13818-2) in
1996. The MPEG-2 Video Multi-view Profile is 2-layer coding. A base
layer of the Multi-view Profile is assigned to a left view, and an enhancement
layer is assigned to a right view. The MPEG-2 Video Multi-view Profile
implements the coding of stereoscopic video data by steps including
motion-compensated prediction, discrete cosine transform, and
disparity-compensated prediction. The motion-compensated prediction
utilizes a temporal redundancy in the stereoscopic video data for the data
compression. The discrete éosine transform utilizes a spatial redundancy
in the stereoscopic video data for the data compression. The
disparity-compensated prediction utilizes an inter-view redundancy in the
stereoscopic video data for the data compression.

Japanese patent application publication number 6-98312/1994

discloses a system for highly efficiently coding multi-view stereoscopic
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pictures. The system handles a picture to be coded and two or more
reference pictures. The reference pictures are selected from
temporally-different pictures (different-frame pictures) of plural channels.
Alternatively, the to-be-coded picture and the reference pictures may be
those pictures different in parallax (disparity) and taken by cameras at
slightly different positions respectively. The system includes sections for
taking pattern matching between the to-be-coded picture and the reference
pictures. Each of the pattern matching sections calculates the error
between the to-be-coded picture and the related reference picture, and
generates motion-compensation or disparity-compensation vectors.

The system in Japanese application 6-98312/1994 further includes
a detector, first and second selectors, and a compensator. The detector
senses the smallest among the errors calculated by the pattern matching
sections, and generates a selection flag for identifying the reference picture
corresponding to the sensed smallest error. The first selector chooses one
from the reference pictures in accordance with the selection flag generated
by the detector. The second selector responds to the selection flag and
chooses, among the compensation vectors generated by the pattern
matching sections, ones corresponding to the chosen reference picture.
The compensator subjects the chosen reference picture to motion
compensation or disparity compensation responsive to the chosen
compensation vectors, thereby generating a predicted picture. In the
system, a subtracter computes the residual between the to-be-coded
picture and the predicted picture, and a DCT-based device encodes the
computed residual, the selection flag, and the chosen compensation vectors
into a bitstream of a variable-length code.

A conceivable system includes a plurality of processors for decoding

a coded bitstream representative of multi-view pictures into decoded video
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signals on a parallel processing basis, and a three-dimensional display for
indicating the decoded video signals. The decoded video signals
correspond to different viewpoints, respectively. Generally,
disparity-compensated prediction (parallax-compensated prediction)
implemented for the decoding of a coded picture of a viewpoint refers to a
reference picture which is a decoded picture of another viewpoint. In the
parallel-processing-based decoding in the conceivable system, it is difficult
to know, at the time of decoding a coded picture of a viewpoint, whether or
not the decoding of a coded picture of another viewpoint to obtain a related
reference picture has been completed. Therefore, the conceivable system
can not utilize disparity-compensated prediction.

SUMMARY OF THE INVENTION

It is a first object of this invention to provide an apparatus for
encoding signals representative of multi-view video in harmony with a
decoding side which implements a real-time decoding procedure through
parallel processing.

It is a second object of this invention to provide a method of encoding
signals representative of multi-view video in harmony with a decoding side
which implements a real-time decoding procedure through parallel
processing.

It is a third object of this invention to provide a computer program
for encoding signals representative of multi-view video in harmony with a
decoding side which implements a real-time decoding procedure through
parallel processing.

It is a fourth object of this invention to provide an apparatus for
decoding coded data representative of multi-view video in real time through
parallel processing.

It is a fifth object of this invention to provide a method of decoding
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coded data representative of multi-view video in real time through parallel
processing.

It is a sixth object of this invention to provide a computer program
for decoding coded data representative of multi-view video in real time
through parallel processing.

A first aspect of this invention provides a method of encoding a
multi-view video signal including picture signals corresponding to different
viewpoints respectively. The method comprises the steps of designating at
least one among the viewpoints as a base viewpoint, the base viewpoint
corresponding to a picture signal which is encoded without referring to at
least one picture signal corresponding to one of the viewpoints except the
base viewpoint; determining a desired delay time of the start of decoding a
coded signal originating from each of the picture signals corresponding to
the viewpoints except the base viewpoint relative to the start of decoding a
coded signal originating from the picture signal corresponding to the base
viewpoint, and generating information representing the determined delay
time; and encoding the generated information.

A second aspect of this invention provides an apparatus for decoding
a coded multi-view video signal including coded signals resulting from
encoding picture signals corresponding to different viewpoints respectively,
wherein at least one among the viewpoints is designated as a base viewpoint,
the base viewpoint corresponding to a picture signal which is encoded
without referring to at least one picture signal corresponding to one of the
viewpoints except the base viewpoint, and wherein the coded multi-view
video signal contains coded information representing a desired delay time of
the start of decoding a coded signal originating from each of the picture
signals corresponding to the viewpoints except the base viewpoint relative

to the start of decoding a coded signal originating from the picture signal

158



10

15

20

25

-9.-

corresponding to the base viewpoint. The apparatus comprises first
means for decoding the coded information in the coded multi-view video
signal to recover the desired delay times for the coded signals originating
from the picture signals corresponding to the viewpoints except the base
viewpoint; second means for decoding the coded signal originating from the
picture signal corresponding to the base viewpoint; third means for
decoding the coded signals originating from the picture signals
corresponding to the viewpoints except the base viewpoint; and fourth
means for delaying the decoding of the coded signals by the third means
relative to the decoding of the coded signal by the second means by time
intervals equal to the desired delay times recovered by the first means.

A third aspect of this invention provides a method of decoding a
coded multi-view video signal including coded signals resulting from
encoding picture signals corresponding to different viewpoints respectively,
wherein at least one among the viewpoints is designated as a base viewpoint,
the base viewpoint corresponding to a picture signal which is encoded
without referring to at least one picture signal corresponding to one of the
viewpoints except the base viewpoint, and wherein the coded multi-view
video signal contains coded information representing a desired delay time of
the start of decoding a coded signal originating from each of the picture
signals corresponding to the viewpoints except the base viewpoint relative
to the start of decoding a coded signal originating from the picture signal
corresponding to the base viewpoint. The method comprises the steps of
decoding the coded information in the coded multi-view video signal to
recover the desired delay times for the coded signals originating from the
picture signals corresponding to the viewpoints except the base viewpoint;
decoding the coded signal originating from the picture signal corresponding

to the base viewpoint; decoding the coded signals originating from the
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picture signals corresponding to the viewpoints except the base viewpoint;
and delaying the decoding of the coded signals originating from the picture
signals corresponding to the viewpoints except the base viewpoint relative
to the decoding of the coded signal originating from the picture signal
corresponding to the base viewpoint by time intervals equal to the recovered
desired delay times.

A fourth aspect of this invention provides a computer program
stored in a computer readable medium for decoding a coded multi-view
video signal including coded signals resulting from encoding picture signals
corresponding to different viewpoints respectively, wherein at least one
among the viewpoints is designated as a base viewpoint, the base viewpoint
corresponding to a picture signal which is encoded without referring to at
least one picture signal corresponding to one of the viewpoints except the
base viewpoint, and wherein the coded multi-view video signal contains
coded information representing a desired delay time of the start of decoding
a coded signal originating from each of the picture signals corresponding to
the viewpoints except the base viewpoint relative to the start of decoding a
coded signal originating from the picture signal corresponding to the base
viewpoint. The computer program comprises the steps of decoding the
coded information in the coded multi-view video signal to recover the
desired delay times for the coded signals originating from the picture
signals corresponding to the viewpoints except the base viewpoint; decoding
the coded signal originating from the picture signal corresponding to the
base viewpoint; decoding the coded signals originating from the picture
signals corresponding to the viewpoints except the base viewpoint; and
delaying the decoding of the coded signals originating from the picture
signals corresponding to the viewpoints except the base viewpoint relative

to the decoding of the coded signal originating from the picture signal
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corresponding to the base viewpoint by time intervals equal to the recovered
desired delay times.

A fifth aspect of this invention provides a method of decoding a
coded multi-view video signal including coded signals resulting from
encoding picture signals corresponding to different viewpoints respectively,
wherein at least one among the viewpoints is designated as a base viewpoint,
the base viewpoint corresponding to a picture signal which is encoded
without referring to at least one picture signal corresponding to one of the
viewpoints except the base viewpoint, and wherein the coded multi-view
video signal contains coded information about view dependencies
representing which of the picture signals are referred to as reference signals
for the encoding of each of the picture signals. The method comprises the
steps of decoding the coded information in the coded multi-view video signal
to recover the view dependencies; computing a desired delay time of the
start of decoding a coded signal originating from each of the picture signals
corresponding to the viewpoints except the base viewpoint relative to the
start of decoding a coded signal originating from the picture signal
corresponding to the base viewpoint in response to the recovered view
dependencies; decoding the coded signal originating from the picture signal
corresponding to the base viewpoint; decoding the coded signals originating
from the picture signals corresponding to the viewpoints except the base
viewpoint; and delaying the decoding of the coded signals originating from
the picture signals corresponding to the viewpoints except the base
viewpoint relative to the decoding of the coded signal originating from the
picture signal corresponding to the base viewpoint by time intervals equal
to the computed desired delay times.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram of a multi-view video encoding apparatus
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according to a first embodiment of this invention.

Fig. 2 is a diagram of an example of view dependencies (reference
dependencies) among pictures in a multi-view video sequence
corresponding to eight viewpoints.

Fig. 3 is a diagram of an example of a picture decoding order in
which coded pictures having the view dependencies in Fig. 2 are decoded in
real time through parallel processing.

Fig. 4 is a table of the values of view dependency counts for the
respective viewpoints which occur when pictures in the multi-view video
sequence are encoded in response to the view dependencies of Fig. 2.

Fig. 5 is a diagram of an example of the first syntax structure of
bitstreams applied to the case where the view dependency counts for the
respective viewpoints are in a set before the set is encoded as a parameter
about the whole of the video sequences.

Fig. 6 is a diagram showing an example of the coded representation
of the view dependency counts for the eight viewpoints which is obtained
according to the syntax structure in Fig. 5.

Fig. 7 is a diagram of an example of the second syntax structure of
bitstreams applied to the case where the view dependency counts for the
respective viewpoints are individually and separately encoded on a
viewpoint-by-viewpoint basis.

Fig. 8 is a diagram showing an example of the coded representation
of the view dependency count for the viewpoint 1 which is obtained
according to the syntax structure in Fig. 7.

Fig. 9 is a block diagram of a picture encoding section in the
encoding apparatus of Fig. 1.

Fig. 10 is a block diagram of a multi-view video encoding apparatus

according to a second embodiment of this invention.
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Fig. 11 is a flowchart of a segment of a control program for a
computer system in Fig. 10.

Fig. 12 is a block diagram of a multi-view video decoding apparatus
according to a third embodiment of this invention.

Fig. 13 is a block diagram of a picture decoding section in the
decoding apparatus of Fig. 12.

Fig. 14 is a block diagram of a multi-view video decoding apparatus
according to a fourth embodiment of this invention.

Fig. 15 is a flowchart of control programs for a CPU and a processor
in Fig. 14.

Fig. 16 is a block diagram of a multi-view video encoding apparatus
according to a fifth embodiment of this invention.

Fig. 17 is a diagram showing an example of the structure of a syntax
applied to the encoding of view dependencies.

Fig. 18 is a diagram showing an example of syntax elements and
their values which occur in the case where the view sequences are encoded
with motion-compensated prediction and disparity-compensated prediction
in conditions of Fig. 2 according to the syntax structure of Fig. 17.

Fig. 19 is a block diagram of a multi-view video decoding apparatus
according to a sixth embodiment of this invention.

Fig. 20 is a table showing the IDs of the viewpoints, the number of
disparity-compensation reference viewpoints for each of the viewpoints, and
the IDs of the disparity-compensation reference viewpoints which occur in
the case where the syntax elements take values of Fig. 18.

Fig. 21 is a flowchart of control programs for a CPU and a processor
in a multi-view video decoding apparatus according to a seventh
embodiment of this invention.

Fig. 22 is a flowchart showing the details of a step in Fig. 21.
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Fig. 23 is a flowchart showing the details of a step in Fig. 22.

Fig. 24 is a flowchart showing the details of a step in Fig. 23.

Fig. 25 is a flowchart showing the details of another step in Fig. 23.
DETAILED DESCRIPTION OF THE INVENTION

First Embodiment

Fig. 1 shows a multi-view video encoding apparatus according to a
first embodiment of this invention. The encoding apparatus of Fig. 1 is
extended from an encoding apparatus conforming to the MPEG-4
AVC/H.264 standards. Thus, the encoding apparatus of Fig. 1 has a basic
portion designed to conform to the MPEG-4 AVC/H.264 standards.

As shown in Fig. 1, the encoding apparatus includes an encoding
management section 101, a coded bitstream generating section 102, and
picture encoding sections 103, 104, and 105. The encoding apparatus
may include four or more picture encoding sections.

There are signals M(v) representing sequences of pictures taken from
different viewpoints respectively, which compose a multi-view video
sequence, where "v" denotes an‘ID for each viewpoint, and v=0, 1, 2, ---.

For example, there are data or a signal M(0) representing a sequence
of pictures taken from a viewpoint having an ID of v=0, data or a signal M(1)
representing a sequence of pictures taken from a viewpoint having an ID of
v=1, and data or a signal M(2) representing a sequence of pictures taken
from a viewpoint having an ID of v=2. For an easier understanding, the
data or signal M(O) is also referred to as the video sequence M(0). The data
or signal M(1) is also referred to as the video sequence M(1). The data or
signal M(2) is also referred to as the video sequence M(2). The viewpoint
having an ID of v=0, the viewpoint having an ID of v=1, and the viewpoint
having an ID of v=2 are called the viewpoint 0, the viewpoint 1, and the

viewpoint 2, respectively. The viewpoints O, 1, and 2 differ from each other,
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and are sequentially arranged in that order. Pictures in each of the video
sequences M(0), M(1), and M(2) are arranged in a display timing order.

For an easier understanding, data or a signal representing a picture
is also referred to as a picture. Similarly, data or a signal representing a
motion vector or vectors is also referred to as a motion vector or vectors.
Data or a signal representing a disparity vector or vectors is also referred to
as a disparity vector or vectors.

The encoding apparatus of Fig. 1 compressively encodes the video
sequences M(v) into different-viewpoint coded bitstreams S(v). The
encoding apparatus transmits the different-viewpoint coded bitstreams S(v)
toward a decoding side. For example, the encoding apparatus
compressively encodes the video sequences M(0), M(1), and M(2) into coded
bitstreams S(0), S(1), and S(2) of the viewpoints O, 1, and 2 respectively.
Specifically, the picture encoding section 103 compressively encodes the
video sequence M(0) into the coded bitstream S(O) of the viewpoint 0. The
picture encoding section 104 compressively encodes the video sequence
M(1) into the coded bitstream S(1) of the viewpoint 1. The picture encoding
section 105 compressively encodes the video sequence M(2) into the coded
bitstream S(2) of the viewpoint 2. The coded bitstream S(0) represents the
pictures taken from the viewpoint O, that is, the viewpoint having an ID of
v=0. The coded bitstream S(1) represents the pictures taken from the
viewpoint 1, that is, the viewpoint having an ID of v=1. The coded »
bitstream S(2) represents the pictures taken from the viewpoint 2, that is,
the viewpoint having an ID of v=2.

There may be more than three video sequences about multiple
viewpoints. In this case, the encoding apparatus of Fig. 1 compressively
encodes more than three video sequences into bitstreams respectively.

Furthermore, the encoding apparatus includes more than three picture
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encoding sections assigned to the respective video sequences.

The encoding management section 101 receives encoding
parameters set from an external. The encoding management section 101
calculates new parameters for management purposes from the received
encoding parameters. The encoding management section 101 implements
management of plural types in response to the management-purpose
parameters. Preferably, the management-purpose parameters include
parameters about the whole of the video sequences, parameters about
pictures, and parameters about slices constituting each picture.

Specifically, the encoding management section 101 performs
encoding-related management on the basis of the received encoding
parameters. The encoding-related management utilizes the information
(the parameters) about the whole of the video sequences, the information
(the parameters) about pictures, and the information (the parameters)
about slices constituting each picture.

The encoding management section 101 refers the received encoding
parameters, and thereby decides an order (a picture encoding order) in
which pictures constituting each video sequence M(v) should be encoded.
Thus, the encoding management section 101 performs the management of
the picture encoding order for each video sequence M(v). For example, the
encoding control section 101 decides an order (a picture encoding order) in
which pictures constituting the video sequence M(0) should be encoded, an
order (a picture encoding order) in which pictures constituting the video
sequence M(1) should be encoded, and an order (a picture encoding order)
in which pictures constituting the video sequence M(2) should be encoded.

The encoding of a picture in a video sequence may refer to at least
one reference picture being the decoded picture of another picture in the

same video sequence or another video sequence. The relation between the
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picture which is being encoded and the reference picture is called the view
dependency or the reference dependency.

The encoding management section 101 performs the management of
view dependencies (reference dependencies) among pictures in the video
sequences M(v). The encoding management section 101 decides whether
or not the encoding of every picture in each video sequence M(v) should
refer to at least one decoded picture in another video sequence. For every
unit corresponding to one picture or one slice, the encoding management
section 101 decides whether or not disparity-compensated prediction
should be performed for the encoding of every picture in each video
sequence M(v). For the encoding of a picture about a viewpoint, the
disparity-compensated prediction uses a decoded picture or pictures about
an other viewpoint or viewpoints as a reference picture or pictures. For
every unit corresponding to one picture or one slice, the encoding
management section 101 decides whether or not a decoded picture
resulting from the decoding of every coded picture in each video sequence
M(v) should be used as a reference picture for the encoding of a picture in
another video sequence. In some cases, for every unit corresponding to
one picture or one slice, the encoding management section 101 selects a
plurality of candidate reference pictures and decides which of the candidate
reference pictures should be used as a final reference picture or pictures for
the encoding of a picture of interest.

The management of the picture encoding orders for the respective
video sequences M(v) by the encoding management section 101 is designed
in view of the view dependencies so that the decoding side can start
decoding a coded picture of interest after completing the decoding of a
coded picture or pictures to obtain a reference picture or pictures for the

coded picture of interest.
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The encoding management section 101 performs the management of
view dependency counts provided for the respective viewpoints. The view
dependency counts are parameters set from an external. The encoding
management section 101 may calculate the view dependency counts from
the view dependencies and the picture encoding orders.

The encoding management section 101 feeds the coded bitstream
generating section 102 with the information about the aforesaid
management and the results of the aforesaid decisions. The encoding
management section 101 controls the picture encoding sections 103, 104,
and 10S in response to the information about the aforesaid management
and the results of the aforesaid decisions.

Fig. 2 shows an example of view dependencies (reference
dependencies) among pictures in a multi-view video sequence
corresponding to eight viewpoints (viewpoints O, 1, 2, ---, 7). The reference
dependencies occur during the encoding of the video sequences. In Fig. 2,
P(v, t) denotes a picture taken from a viewpoint having an ID equal to "v" at

a time point "t", wherev=0, 1, 2, -+ and t=0, 1, 2, --. Thus, P(v, t)

. denotes a picture in a video sequence M(v) which occurs at a time point "t".

The encoding of the video sequences includes motion-compensated
prediction and disparity-compensated prediction. In Fig. 2, conditions of
the motion-compensated prediction and the disparity-compensated
prediction are denoted by arrows. Specifically, a picture at which the
starting point of an arrow exists is used as a reference picture by the
motion-compensated prediction or the disparity-compensated prediction in
the encoding of a picture denoted by the ending point of the arrow. The
arrows are horizontally-extending ones which relate to the
motion-compensated prediction, and vertically-extending ones which relate

to the disparity-compensated prediction.
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With reference to Fig. 2, the encoding of the pictures P(0, t) taken
from the viewpoint O does not utilize the disparity-compensated prediction
and hence refers to none of decoded pictures about the other viewpoints.
The encoding of the pictures P(O, t) utilizes the motion-compensated
prediction which refers to decoded pictures about the viewpoint 0. The
encoding of the pictures P(0, t) is in conformity to the MPEG-4 AVC/H.264
standards. A viewpoint corresponding to pictures encoded without
referring to decoded pictures in the other viewpoints for the
disparity-compensated prediction is defined as a base viewpoint. At least
one of the viewpoints is preset as a base viewpoint. In Fig. 2, the viewpoint
0 is a base viewpoint while the viewpoints 1-7 are not base ones (that is,
non-base viewpoints). Thus, the encoding of pictures taken from each of
the viewpoints 1-7 (the non-base viewpoints) utilizes the
disparity-compensated prediction which refers to decoded pictures about
another viewpoint or other viewpoints. For example, the encoding of the
picture P(2, O) taken from the viewpoint 2 utilizes the
disparity-compensated prediction which refers to the decoded picture of the
picture P(O, 0) about the viewpoint O. The encoding of the picture P(1, 0)
taken from the viewpoint 1 utilizes the disparity-compensated prediction
which refers to the decoded picture of the picture P(0, 0) about the
viewpoint O and also the decoded picture of the picture P(2, O) about the
viewpoint 2.

The decoding of the coded pictures P(v, t) is inverse with respect to
the above-mentioned encoding of the original pictures P(v, t), and utilizes
the motion-compensated prediction and the disparity-compensated
prediction similar to those in the encoding of the original pictures P(v, t).

Fig. 3 shows an example of the picture decoding order in which the

decoding side decodes coded pictures (picture-corresponding segments of
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coded bitstreams) in real time through parallel processing. The coded
bitstreams relate to the respective viewpoints, and are generated by the
encoding procedure utilizing the reference dependencies in Fig. 2. In Fig. 3,
P(v, t) denotes a picture taken from a viewpoint having an ID equal to "v" at
a time point "t", wherev =0, 1,2, --- and t=0, 1, 2, -

With reference to Fig. 3, the disparity compensation is not
implemented between vertically-aligned pictures. Thus, the dependency
does not exist between vertically-aligned pictures. Accordingly, segments
of the coded bitstreams which correspond to vertically-aligned pictures in
Fig. 3 are allowed to be decoded at the same timings.

In Fig. 3, a picture at which the starting point of an arrow exists is
used as a reference picture by the motion-compensated prediction or the
disparity-compensated prediction in the decoding of a picture denoted by
the ending point of the arrow. The arrows for the motion-compensated
prediction in the decoding of pictures about the viewpoint O are illustrated
in Fig. 3 while the arrows for the motion-compensated prediction in the
decoding of pictures about the viewpoints 1-7 are omitted from Fig. 3 for a
clarity purpose. A time for which one access unit of each of the coded
bitstreams is decoded is defined as one access unit time interval.

Since the viewpoint O is a base viewpoint, the decoding of the coded
bitstream about the viewpoint O can be independent of the decoding of the
coded bitstreams about the other viewpoints 1-7. The coded bitstreams
about the viewpoints 1-7 result from the encoding procedure utilizing the
disparity-compensated prediction. Accordingly, the decoding of each of
the coded bitstreams about the viewpoints 1-7 depends on the decoding of
an other-viewpoint coded bitstream or bitstreams.

For example, in Fig. 3, the decoding of the picture P(2, 0) about the

viewpoint 2 utilizes the disparity-compensated prediction which refers to
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the decoded picture of the picture P(0, 0) about the viewpoint O. Therefore,
the decoding of the picture P(2, 0) and the decoding of the picture P(0, 0)
should not be at the same timing. The timing of the decoding of the picture
P(2, 0) is delayed until the decoding of the picture P(0, 0) is completed.
Similarly, the decoding of the picture P(2, 4) about the viewpoint 2 utilizes
the disparity-compensated prediction which refers to the decoded picture of
the picture P(0, 4) about the viewpoint O. Therefore, the decoding of the
picture P(2, 4) and the decoding of the picture P(O, 4) should not be at the
same timing. The timing of the decoding of the picture P(2, 4) is delayed
until the decoding of the picture P(O, 4) is completed. Similarly, the
decoding of the picture P(2, 8) about the viewpoint 2 utilizes the
disparity-compensated prediction which refers to the decoded picture of the
picture P(O, 8) about the viewpoint O. Therefore, the decoding of the
picture P(2, 8) and the decoding of the picture P(O, 8) should not be at the
same timing. The timing of the decoding of the picture P(2, 8) is delayed
until the decoding of the picture P(0, 8) is completed.

Accordingly, the timing of the picture decoding of the coded
bitstream about the viewpoint 2 is delayed from that of the decoding of the
coded bitstream about the viewpoint O by one access unit time interval.
The timing delay of the picture decoding of the coded bitstream about each
of the non-base viewpoints from that of the coded bitstream about the base
viewpoint in access unit time intervals is defined as a view dependency
count. Thus, regarding the decoding of a first coded picture about a view
point which utilizes the disparity-compensated prediction referring to the
decoded picture of a second coded picture (a reference picture) about
another viewpoint, each view dependency count is a parameter letting the
decoding side know a proper start timing of the decoding of the first coded

picture at which the decoding of the second coded picture has been
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completed. The view dependency count for the viewpoint O, that is, the
base viewpoint, is set to "0". The view dependency count for the viewpoint
2 is set to "1" since the timing of the picture decoding of the coded bitstream
about the viewpoint 2 is delayed from that of the decoding of the coded
bitstream about the viewpoint O by one access unit time interval.

Fig. 4 shows the relation between the viewpoints 0-7 and the view
dependency counts assigned thereto in the case where the reference
dependencies utilized in the encoding procedure are those in Fig. 2. As
shown in Fig. 4, the view dependency count for the viewpoint O is set to "0".
The view dependency count for the viewpoint 1 is set to "2". The view
dependency count for the viewpoint 2 is set to "1". The view dependency
count for the viewpoint 3 is set to "3". The view dependency count for the
viewpoint 4 is set to "2". The view dependency count for the viewpoint 5 is
set to "4". The view dependency count for the viewpoint 6 is set to "3".
The view dependency count for the viewpoint 7 is set to "4".

The value of each of the view dependency counts for the viewpoint
1-7 represents a desired delay of the decoding of coded pictures about the
related one of the viewpoints 1-7 relative to the decoding of coded pictures
about the viewpoint O (the base viewpoint). The desired delay is expressed
in access unit number. Thus, a desired delay of the decoding of coded
pictures about each of the viewpoints 1-7 relative to the decoding of coded
pictures about the viewpoint O (the base viewpoint) is determined in access
unit number according to the view dependencies and the picture encoding
orders. Each of the view dependency counts for the viewpoints 1-7 is set to
represent the corresponding desired delay of the picture decoding. On the
other hand, the view dependency count for the viewpoint O is set to "0".

The view dependency counts for the respective viewpoints are

encoded before being transmitted to the decoding side. The coded
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bitstreams about the respective viewpoints are transmitted to the decoding
side. The decoding side decodes the coded view dependency counts. The
decoding side decodes the coded bitstreams in real time through parallel
processing. During that time, the decoding side knows, from the decoded
view dependency counts, a proper timing delay (a desired delay) of the
picture decoding of the coded bitstream about each of the non-base
viewpoints relative to that of the coded bitstream about the base viewpoint.
The decoding side delays the start timings of the picture decoding of the
coded bitstreams about the non-base viewpoints in accordance with the
desired delays represented by the related view dependency counts
respectively. Thereby, the synchronization among the coded bitstreams
about the base and non-base viewpoints is acquired. Thus, regarding the
decoding of a first coded picture about a view point which utilizes the
disparity-compensated prediction referring to the decoded picture of a
second coded picture (a reference 'picture) about another viewpoint, the
decoding side starts the decoding of the first coded picture after the
decoding of the second coded picture has been completed.

There are first and second ways of encoding the view dependency
counts. In the first way, the view dependency counts for the respective
viewpoints are in a set before the set is encoded as a parameter about the
whole of the video sequences. An example of such a parameter is an SPS
(sequence parameter set) or SEI (supplemental enhancement information)
prescribed by the MPEG-4 AVC/H.264 standards. In the second way, the
view dependency counts for the respective viewpoints are individually and
separately encoded on a viewpoint-by-viewpoint basis.

Fig. 5 shows a syntax structure taken in the first way of encoding the
view dependency counts. In Fig. 5, "num_views_minusl" is a parameter

for encoding the number of viewpoints from which multi-view video to be
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encoded is taken. The number of viewpoints is 1 or greater. Accordingly,
the value equal to the number of viewpoints minus 1 is encoded into 8 bits
(fixed-length data). The number of viewpoints in the range of 1 to 256 can
be expressed by 8 bits.

In Fig. 5, "view_dependencyli]" is a set of parameters for encoding
view dependency counts. Each of the view dependency counts is encoded
into 8 bits (fixed-length data). The view dependency count in the range of O
to 255 can be expressed by 8 bits. Here, "i" in "view_dependency(i]" is a
viewpoint ID. By a combination with "for loop", the view dependency
counts for the respective viewpoints aré encoded.

Fig. 6 shows an example of the coded representation of the view
dependency counts for the 8 viewpoints (see Figs. 2-4) which is obtained
according to the syntax structure in Fig. 5. As shown in Fig. 6, an eight-bit
string by a binary notation for "num_views_minus1" is "00000111" meaning
that there are 8 viewpoints. The eight-bit string for "num_views_minus1"
is followed by 8 eight-bit string sets for "view_dependency[0]" to
"view_dependency[7]" respectively. The 8 eight-bit string sets represent
the view dependency counts for the 8 viewpoints, respectively.

In Fig. 6, the view dependency count for the viewpoint O is "0" so that
its coded representation for "view_dependency[0]" is "O00000000". The view
dependency count for the viewpoint 1 is "2" so that its coded representation
for "view_dependency[1]" is "00000010". The view dependency count for
the viewpoint 2 is "1" so that its coded representation for
"view_dependency[2]" is "00000001". The view dependency count for the
viewpoint 3 is "3" so that its coded representation for "view_dependency[3]"
is "00000011". The view dependency count for the viewpoint 4 is "2" so
that its coded representation for "view_dependency[4]" is "O0000010". The

view dependency count for the viewpoint 5 is "4" so that its coded
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representation for "view_dependency|[5]" is "O00000100". The view
dependency count for the viewpoint 6 is "3" so that its coded representation
for "view_dependency([6]" is "00000011". The view dependency count for
the viewpoint 7 is "4" so that its coded representation for
"view_dependency[7]" is "00000100".

It should be noted that in the first encoding way, the view
dependency counts may be encoded into data of a Huffman code, an
entropy code, or an arithmetic code.

Fig. 7 shows a syntax structure taken in the second way of encoding
the view dependency counts which utilizes VCL NAL units prescribed by the
MPEG-4 AVC/H.264 standards. In Fig. 7, "view_id" is a parameter for
encoding a viewpoint ID. As shown in Fig. 7, the viewpoint ID is encoded
into 8 bits (fixed-length data). When the number of viewpoints is 256 or
less, the viewpoint ID in the range of O to 255 can be expressed by 8 bits.

In Fig. 7, "view_dependency" is a parameter for encoding a view
dependency count. The view dependency count is encoded into 8 bits
(fixed-length data). The view dependency count in the range of O to 255
can be expressed by 8 bits.

Fig. 8 shows an example of the coded representation of a view
dependency count for one of the 8 viewpoints (see Figs. 2-4) which is
obtained according to the syntax structure in Fig. 7. As shown in Fig. 8, an
eight-bit string by a binary notation for "view_id" is "00000001" meaning
the viewpoint ID for the viewpoint 1. The eight-bit string for "view_id" is
followed by an eight-bit string for "view_dependency". In Fig. 8, the
eight-bit string for "view_dependency" is "00000010" meaning that the view
dependency count for the viewpoint 1 is "2". The eight-bit string for
"view_id" and the eight-bit string for "view_dependency"” are coded in a VCL

NAL unit prescribed by the MPEG-4 AVC/H.264 standards. Similarly, the
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view dependency counts for the viewpoints other than the viewpoint 1 are
individually and separately encoded on a viewpoint-by-viewpoint basis
utilizing VCL NAL units.

It should be noted that in the second encoding way, the view
dependency counts may be encoded into data of a Huffman code, an
entropy code, or an arithmetic code.

Preferably, the view dependency counts are encoded for every slice.
The view dependency counts may not be encoded for every slice.
Regarding each of the viewpoints, the encoding apparatus is required to let
the decoding side know the value of the related view dependency count at a
moment corresponding to the first access unit in the related video sequence.
Preferably, in the decoding side, the default values of the view dependency
counts are "0", and a coded view dependency count or counts are decoded
before the corresponding view dependency count or counts are updated
from the default value or values to the decoded value or values.

In order to provide the compatibility with an MPEG-4 AVC/H.264
system, the video sequence about the base viewpoint may be encoded
through the use of the syntax structure conforming to the MPEG-4
AVC/H.264 standards rather than the syntax structure in Fig. 7. In this
case, the coded bitstream about the base viewpoint can be decoded by the
MPEG-4 AVC/H.264 system. Since the syntax structure conforming to the
MPEG-4 AVC/H.264 standards is used instead of the syntax structure in
Fig. 7, the view dependency count for the base viewpoint can not be encoded
through the use of "view_dependency". Thus, the view dependency count
for the base viewpoint can not be transmitted to the decoding side.
Accordingly, the viewpoint concerning the coded bitstream resulting from
the MPEG-4 AVC/H.264 encoding procedure is designated as a base

viewpoint, and the decoding side uses the default value of the view

176



10

15

20

25

-027 -

dependency count for the base viewpoint which is equal to "0".

The view dependency counts may be individually and separately
encoded on a viewpoint-by-viewpoint basis together with encoding
parameters for the respective viewpoints rather than VCL NAL units
prescribed by the MPEG-4 AVC/H.264 standards.

With reference back to Fig. 1, the encoding management section 101
feeds the coded bitstream generating section 102 with the parameters
about the whole of the video sequences, the parameters about pictures, and
the parameters about supplemental enhancement information. The coded
bitstream generating section 102 encodes the parameters about the whole
of the video sequences, the parameters about pictures, and the parameters
about supplemental enhancement information into a coded bitstream
representative of an SPS (sequence parameter set), a PPS (picture
parameter set), and SEI (supplemental enhancement information)
prescribed by the MPEG-4 AVC/H.264 standards. The parameters about
the whole of the video sequences are assigned to the SPS. The parameters
about pictures are assigned to the PPS. The parameters about
supplemental enhancement information are assigned to the SEI.

The decoding side decides whether or not each of the viewpoints
concerning the respective incoming coded bitstreams is a base viewpoint.
The encoding apparatus generates parameters each enabling the decoding
side to decide whether or not each of the viewpoints concerning the
respective incoming coded bitstreams is a base viewpoint. The generation
of the parameters is implemented by the encoding management section 101.
The encoding apparatus directly or indirectly encodes the generated
parameters before sending the coded version thereof to the decoding side.
The directly or indirectly encoding is implemented by the coded bitstream

generating section 102. Thus, the coded representation of the parameters
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is contained in the coded bitstream generated by the coded bitstream
generating section 102. The indirectly encoding is designed so that the
decoding side can recover the original parameters through calculation from
other parameters.

The view dependency counts for the respective viewpoints may be in
a set before the set is encoded by the coded bitstream generating section
102 as a parameter about the whole of the video sequences. In this case,
the view dependency counts for the respective viewpoints are encoded as
one of the parameters in the SPS or SEI prescribed by the MPEG-4
AVC/H.264 standards through the use of the syntax structure in Fig. 5.

‘The picture encoding section 103 encodes the video sequence M(0)
taken from the viewpoint O into the coded bitstream S(0) on an access-unit
by access-unit basis while being controlled by the encoding management
section 101. Pictures in the video sequence M(0) are in the display timing
order. The coded bitstream S(0) relates to the viewpoint 0. Similarly, the
picture encoding section 104 encodes the video sequence M(1) taken from
the viewpoint 1 into the coded bitstream S(1) on an access-unit by
access-unit basis while being controlled by the encoding management
section 101. Pictures in the video sequence M(1l) are in the display timing
order. The coded bitstream S(1) relates to the viewpoint 1. Furthermore,
the picture encoding section 105 encodes the video sequence M(2) taken
from the viewpoint 2 into the coded bitstream S(2) on an access-unit by
access-unit basis while being controlled by the encoding management
section 101. Pictures in the video sequence M(2) are in the display timing
order. The coded bitstream S(2) relates to the viewpoint 2.

The picture encoding section 103 feeds a reference picture R(O) to
the picture encoding sections 104 and 105. The reference picture R(O)

relates to the viewpoint O. The picture encoding section 105 feeds a
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reference picture R(2) to the picture encoding section 104. The reference
picture R(2) relates to the viewpoint 2. The picture encoding section 105
uses the reference picture R(0) in the encoding of the video sequence M(2).
The picture encoding section 104 uses the reference pictures R(0) and R(2)
in the encoding of the video sequence M(1).

Preferably, the picture encoding sections 103, 104, and 105 are of
the same structure. Accordingly, a picture encoding section used as each
of the picture encoding sections 103, 104, and 105 will be described in
detail hereafter.

As shown in Fig. 9, a picture encoding section (the picture encoding
section 103, 104, or 105) includes a picture buffer 201, a
motion/disparity-compensated predicting section 202, a coding-mode
deciding section 203, a subtracter 204, a residual-signal encoding section
205, a residual-signal decoding section 206, an adder 207, a decoded
picture buffer 208, a bitstream generating section 209, and switches 210
and 211. The devices and sections 201-211 are controlled by the encoding
management section 101.

The motion/disparity-compensated predicting section 202 can be
connected via the switch 210 to a decoded picture buffer or buffers in an
other picture encoding section or sections. The decoded picture buffer 208
can be connected via the switch 211 to a motion/disparity-compensated
predicting section or sections in an other picture encoding section or
sections.

In the case where the encoding management section 101 sets the
switch 210 in its OFF state while setting the switch 211 in its ON state, the
picture encoding section of Fig. 9 operates as the picture encoding section
103 about the viewpoint O. In the case where the encoding management

section 101 sets the switch 210 in its ON state while setting the switch 211
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in its OFF state, the picture encoding section of Fig. 9 operates as the
picture encoding section 104 about the viewpoint 1. In the case where the
encoding management section 101 sets the switches 210 and 211 in their
ON states, the picture encoding section of Fig. 9 operates as the picture
encoding section 105 about the viewpoint 2.

With reference to Fig. 9, pictures in the video sequence M(0), M(1), or
M(2) are sequentially inputted into the picture buffer 201 in the display
timing order. The picture buffer 201 stores the inputted pictures. The
picture buffer 201 sequentially outputs the stored pictures in the picture
encoding order decided by the encoding management section 101. Thus,
the picture buffer 201 rearranges the pictures from the display timing order
to the encoding order. The picture buffer 201 divides every picture to be
outputted into equal-size blocks each composed of, for example, 16 by 16
pixels. Blocks are also referred to as multi-pixel blocks. The picture
buffer 201 sequentially outputs blocks (multi-pixel blocks) constituting
every picture.

The control of the picture encoding section of Fig. 9 by the encoding
management section 101 is designed so that one picture will be managed in
one access unit, that one access unit will be divided into slices constituting
the original picture, and that the slices will be managed and encoded. The
encoding management section 101 generates information about slices
constituting every picture, and feeds the generated slice-related information
to the bitstream generating section 209. For every slice, the bitstream
generating section 209 encodes the slice-related information into a portion
(a VCL NAL unit prescribed by the MPEG-4 AVC/H.264 standards) of a
coded bitstream S(0), S(1), or S(2).

The encoding management section 101 has the viewpoint ID for the

video sequence M(0), M(1), or M(2) inputted into the picture encoding
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section of Fig. 9. The encoding management section 101 adds the

viewpoint ID to the slice-related information fed to the bitstream generating
section 209. Thus, the viewpoint ID is encoded into a portion of the coded
bitstream S(0), S(1), or S(2).

The encoding management section 101 has the view dependency
count for the viewpoint about the video sequence M(0), M(1), or M(2)
inputted into the picture encoding section of Fig. 9. As previously
mentioned, the view dependency counts may be individually and separately
encoded on a viewpoint-by-viewpoint basis. In this case, the encoding
management section 101 adds the view dependency count to the
slice-related information fed to the bitstream generating section 209. Thus,
the view dependency count is encoded into a portion of the coded bitstream
S(0), S(1), or S(2). Specifically, according to the syntax structure in Fig. 7,
the view dependency count is encoded as one of parameters about each of
slices constituting one picture. As previously mentioned, the view
dependency count may not be encoded for every slice. Preferably, the view
dependency count which differs from "0" is encoded for at least an access
unit corresponding to a decoding start.

The operation of the picture encoding section of Fig. 9 can be
changed among different modes including first, second, and third modes
and other modes having combinations of at least two of the first to third
modes. During the first mode of operation, a block outputted from the
picture buffer 201 is subjected to intra coding, and thereby the picture is
compressively encoded into a part of the coded bitstream S(0), S(1), or S(2)
without using a reference picture or pictures. The used intra coding is
known one prescribed by, for example, the MPEG-4 AVC/H.264 standards.
The intra coding prescribed by the MPEG-4 AVC/H.264 standards is

implemented by an intra coding section (not shown). During the second
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mode of operation, a block outputted from the picture buffer 201 is
compressively encoded through motion-compensated prediction using a
reference picture or pictures resulting from the decoding of a coded picture
or pictures, and motion vectors calculated in the motion-compensated
prediction are also encoded. During the third mode of operation, a block
outputted from the picture buffer 201 is compressively encoded through
disparity-compensated prediction using a reference picture or pictures
originating from an other-viewpoint video sequence or sequences, and
disparity vectors calculated in the disparity-compensated prediction are
also encoded. Under the control by the encoding management section 101,
the operation of the picture encoding section of Fig. 9 is adaptively changed
among the different modes. As previously indicated, the different modes
include the first, second, and third modes, and the other modes having
combinations of at least two of the first to third modes.

The motion/disparity-compensated predicting section 202
implements motion-compensated prediction accorded with, for example,
the MPEG-4 AVC/H.264 standards. The motion/disparity-compensated
predicting section 202 further implements disparity-compensated
prediction in the case where the viewpoint about the video sequence M(0),
M(1), or M(2) inputted into the picture encoding section of Fig. 9 differs from
the base viewpoint. The motion/disparity-compensated predicting section
202 does not implement disparity-compensated prediction in the case
where the viewpoint about the video sequence M(0), M(1), or M(2) inputted
into the picture encoding section of Fig. 9 is the base viewpoint.

The motion/disparity-compensated predicting section 202
sequentially receives blocks (blocks to be encoded) of every picture from the
picture buffer 201. Basically, the motion/disparity-compensated

predicting section 202 implements block matching between a current block
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to be encoded and blocks of a reference picture or pictures fed from the
decoded picture buffer 208 and an other picture encoding section or
sections while being controlled by the encoding management section 101.
During the block matching, the motion-compensated predicting section 202
detects a motion vector or vectors and a disparity-vector or vectors, and
generates a motion/disparity-compensated prediction block (a
motion/disparity-compensated prediction signal). The
motion/disparity-compensated predicting section 202 feeds the motion
vector or vectors, the disparity vector vectors, and the
motion/disparity-compensated prediction signal to the coding-mode
deciding section 203.

The encoding management section 101 decides different modes of
motion/disparity-compensated prediction. Each of the
motion/disparity-compensated prediction modes is defined by a set of items
including an item indicative of whether or not motion-compensated
prediction should be performed, an item indicative of whether or not
disparity-compensated prediction should be performed, an item indicative
of the number of a reference picture or pictures for motion-compensated
prediction, an item indicative of the number of a reference picture or
pictures for disparity-compensated prediction, an item indicative of which
of decoded pictures should be used as a reference picture or pictures (that
is, which of candidate reference pictures should be used as a final reference
picture or pictures) for motion-compensated prediction, an item indicative
of which of decoded pictures should be used as a reference picture or
pictures (that is, which of candidate reference pictures should be used as a
final reference picture or pictures) for disparity-compensated prediction,
and an item indicative of a block size. Each of the items is indicative of a

parameter changeable among different states. Thus, each of the items is
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changeable among different states corresponding to the different states of
the related parameter respectively. The motion/disparity-compensated
prediction modes are assigned to different combinations of the states of the
items, respectively. Accordingly, the number of the
motion/disparity-compensated prediction modes is equal to the number of
the different combinations of the states of the items. For example, the
block size for motion/disparity-compensated prediction can be adaptively
changed among predetermined different values (candidate block sizes).
Preferably, the greatest of the different values is equal to the size of blocks
fed from the picture buffer 201. In the case where the current block is
composed of 16 by 16 pixels, the different candidate block sizes are, for
example, a value of 16 by 16 pixels, a value of 16 by 8 pixels, a value of 8 by
16 pixels, a value of 8 by 8 pixels, a value of 8 by 4 pixels, a value of 4 by 8
pixels, and a value of 4 by 4 pixels.

According to each of the motion/disparity-compensated prediction
modes, the encoding management section 101 controls the
motion/disparity-compensated predicting section 202 to implement
corresponding motion/disparity-compensated prediction, and to detect a
motion vector or vectors and a disparity vector or vectors and generate a
motion/disparity-compensated prediction signal. The
motion-compensated predicting section 202 feeds the motion vector or
vectors, the disparity vector or vectors, and the
motion/disparity-compensated prediction signal to the coding-mode
deciding section 203. The motion/disparity-compensated predicting
section 202 obtains results (motion vectors, disparity vectors, and
motion/disparity-compensated prediction signals) of
motion/disparity-compensated predictions for the respective

motion/disparity-compensated prediction modes. Accordingly, the
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motion/disparity-compensated predicting section 202 feeds the
respective-modes motion vectors, the respective-modes disparity vectors,
and the respective-modes motion/disparity-compensated prediction
signals to the coding-mode deciding section 203.

The motion/disparity-compensated prediction section 202 divides
one block fed from the picture buffer 201 by different values and thereby
obtains different-size bocks while being controlled by the encoding
management section 101. For example, in the case where one block fed
from the picture buffer 201 is composed of 16 by 16 pixels, different block
sizes are equal to a value of 16 by 16 pixels, a value of 16 by 8 pixels, a value
of 8 by 16 pixels, a value of 8 by 8 pixels, a value of 8 by 4 pixels, a value of
4 by 8 pixels, and a value of 4 by 4 pixels. For each of the different block
sizes, the motion/disparity-compensated predicting section 202
implements motion/disparity-compensated prediction on a block-by-block
basis. Thus, the motion/disparity-compensated predicting section 202
obtains results (motion vectors, disparity vectors, and
motion/disparity-compensated prediction signals) of
motion/disparity-compensated predictions for the respective block sizes.

In the case where disparity-compensated prediction should be
performed, the encoding control section 101 sets the switch 210 in its ON
state to feed a decoded picture or pictures as a reference picture or pictures
to the motion/disparity-compensated predicting section 202 from the
decoded picture buffer or buffers in an other picture encoding section or
sections.

There are a plurality of candidate coding modes. Each of the
candidate coding modes is defined by items including an item indicative of
whether or not intra coding should be performed, an item indicative of

whether or not motion-compensated prediction should be performed, an
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item indicative of whether or not disparity-compensated prediction should
be performed, an item indicative of the number of a reference picture or
pictures for motion-compensated prediction, an item indicative of the
number of a reference picture or pictures for disparity-compensated
prediction, an item indicative of which of decoded pictures should be used
as a reference picture or pictures for motion-compensated prediction, an
item indicative of which of decoded pictures should be used as a reference
picture or pictures for disparity-compensated prediction, and an item
indicative of a block size. Thus, the items defining each of the candidate
coding modes include those for the motion/disparity-compensated
prediction modes. The candidate coding modes include ones indicating
respective different combinations of motion-compensated prediction,
disparity-compensated prediction, a reference picture or pictures for
motion-compensated prediction, a reference picture or pictures for
disparity-compensated prediction, and a block size. The coding-mode
deciding section 203 evaluates the candidate coding modes on the basis of
the results of the motion/disparity-compensated predictions by the
motion/disparity-compensated predicting section 202. The coding-mode
deciding section 203 selects one from the candidate coding modes in
accordance with the results of the evaluations. The selected coding mode
corresponds to the best evaluation result. The coding-mode deciding
section 203 labels the selected coding mode as a decided coding mode.
The coding-mode deciding section 203 generates a final prediction signal
and a final vector or vectors in accordance with the decided coding mode.
The final vector or vectors include at least one of a motion vector or vectors
and a disparity vector or vectors. The coding-mode deciding section 203
feeds the final prediction signal to the subtracter 204 and the adder 207.

The coding-mode deciding section 203 feeds the final vector or vectors to the
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bitstream generating section 209. In addition, the coding-mode deciding
section 203 feeds a signal representative of the decided coding mode to the
bitstream generating section 209.

The coding-mode deciding section 203 makes a decision as to which
of intra coding, motion-compensated prediction, and
disparity-compensated prediction should be selected and combined, a
decision as to which of candidate reference pictures should be used as a
final reference picture or pictures, and a decision as to which of the different
block sizes should be used in order to realize the most efficient encoding on
a block-by-block basis. These decisions are made in stages of the selection
of one from the candidate coding modes.

The subtracter 204 receives a signal from the picture buffer 201
which sequentially represents blocks of every picture to be encoded. For
the current block, the subtracter 204 subtracts the final prediction signal
from the output signal of the picture buffer 201 to generate a residual signal
(a residual block). The subtracter 204 feeds the residual signal to the
residual-signal encoding section 205. For the current block, the
residual-signal encoding section 205 encodes the residual signal into a
coded residual signal through signal processing inclusive of orthogonal
transform and quantization. The residual-signal encoding section 205
feeds the coded residual signal to the residual-signal decoding section 206
and the bitstream generating section 209.

The encoding management section 101 decides whether or not a
current picture represented by the coded residual signal should be at least
one of a reference picture in motion-compensated prediction for a picture
following the current picture in the encoding order and a reference picture
in disparity-compensated prediction for a picture about another viewpoint.

In the case where a current picture represented by the coded residual signal
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should be at least one of a reference picture in motion-compensated
prediction for a picture following the current picture in the encoding order
and a reference picture in disparity-compensated prediction for a picture
about another viewpoint, the encoding management section 101 activates
the residual-signal decoding section 206 to decode the coded residual signal
into a decoded residual signal through signal processing inclusive of inverse
quantization and inverse orthogonal transform. The decoding by the
residual-signal decoding section 206 is inverse with respect to the encoding
by the residual-signal encoding section 205. The residual-signal decoding
section 206 feeds the decoded residual signal to the adder 207 on a
block-by-block basis. The adder 207 receives the final prediction signal
from the coding-mode deciding section 203. The adder 207 superimposes
the decoded residual signal on the final prediction signal to generate a
decoded picture signal. The adder 207 sequentially stores blocks of the
decoded picture signal into the decoded picture buffer 208. The decoded
picture signal can be fed from the decoded picture buffer 208 to the
motion/disparity-compensated predicting section 202 as a reference
picture for motion-compensated prediction. The switch 211 is connected
between the decoded picture buffer 208 and an other picture encoding
section or sections. When the switch 211 is set in its ON state by the
encoding management section 101, the decoded picture signal can be fed
from the decoded picture buffer 208 to an other picture encoding section or
sections as a reference picture for disparity-compensated prediction
implemented in the other picture encoding section or sections.

The bitstream generating section 209 receives the slice-related
information from the encoding management section 101. The bitstream
generating section 209 receives the coded residual signal from the

residual-signal encoding section 205. The bitstream generating section
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209 receives the coding-mode signal from the coding-mode deciding section
203. Furthermore, the bitstream generating section 209 receives the
motion vector or vectors and the disparity vector or vectors from the
coding-mode deciding section 203. For every block, the bitstream
generating section 209 encodes the slice-related information, the coded
residual signal, the coding-mode signal, the motion vector or vectors, and
the disparity vector or vectors into the bitstream S(0), S(1), or S(2) through
entropy encoding inclusive of Huffman encoding or arithmetic encoding.

In the picture encoding section of Fig. 9, the elements following the
picture buffer 201 perform a sequence of the above-mentioned operation
steps for each of blocks constituting every picture outputted from the
picture buffer 201. Specifically, the elements following the picture buffer
201 perform a per-block sequence of the operation steps for each of blocks
constituting one slice. Furthermore, the elements following the picture
buffer 201 perform a per-slice sequence of the operation steps for each of
slices constituting one access unit corresponding to every picture outputted
from the picture buffer 201.

With reference back to Fig. 1, the coded bitstream generating section
102 outputs the coded bitstream inclusive of SPS, PPS, and SEI. The
picture encoding sections 103, 104, and 105 output the coded bitstreams
S(0), S(1), and S(2) about the viewpoints 0, 1, and 2 respectively. A
multiplexing section (not shown) may multiplex the coded bitstream
outputted from the coded bitstream generating section 102, and the coded
bitstreams S(0), S(1), and S(2) into a multiplexed bitstream before
outputting the multiplexed bitstream.

As previously mentioned, the view dependency counts for the
respective viewpoints are encoded before being transmitted to the decoding

side. The decoding side decodes the coded view dependency counts. As
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previously mentioned, the coded bitstreams of the respective viewpoints are
transmitted to the decoding side. For example, the decoding side decodes
the coded bitstreams in real time on a parallel processing basis. The
decoding side derives desired delays of the start of decoding the coded
bitstreams from the decoded view dependency counts. The decoding side
starts decoding the coded bitstreams at timings accorded with the desired
delays so that the picture-based synchronization among the coded
bitstreams can be acquired. Therefore, the decoding of a coded picture of a
viewpoint to generate a reference picture is surely completed before the
start of the decoding of a coded picture of another viewpoint which uses the
reference picture in disparity-compensated prediction.

Second Embodiment

Fig. 10 shows a multi-view video encoding apparatus according to a
second embodiment of this invention. The encoding apparatus of Fig. 10 is
similar to that of Fig. 1 except for design changes mentioned hereafter.

The encoding apparatus of Fig. 10 includes a computer system 10
having a combination of an input/output port 10A, a CPU 10B, a ROM 10C,
and a RAM 10D. The input/output port 10A in the computer system 10
receives the encoding parameters and the video sequences M(0), M(1), and
M(2). The computer system 10 processes the video sequences M(0), M(1),
and M(2) into the coded bitstreams S(0), S(1), and S(2) respectively. The
computer system 10 generates the coded bitstream inclusive of SPS, PPS,
and SEI. The input/output port 10A outputs the coded bitstreams S(0),
S(1), and S(2), and the coded bitstream inclusive of SPS, PPS, and SEIL
The computer system 10 (the CPU 10B) operates in accordance with a
control program, that is, a computer program stored in the ROM 10C or the
RAM 10D.

Fig. 11 is a flowchart of a segment of the control program. In Fig.
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11, loop points S102 and S118 indicate that a sequence of steps between
them should be executed for each of the video sequences M(0), M(1), and
M(2). Furthermore, loop points S104 and S117 indicate that a sequence of
steps between them should be executed for each of slices constituting one
access unit. In addition, loop points S106 and S116 indicate that a
sequence of steps between them should be executed for each of blocks
constituting one slice.

As shown in Fig. 11, a first step S101 of the program segment
encodes the parameters about the whole of the video sequences, the
parameters about pictures, and the parameters about supplemental
enhancement information into a coded bitstream representative of an SPS
(sequence parameter set), a PPS (picture parameter set), and SEI
(supplemental enhancement information) prescribed by the MPEG-4
AVC/H.264 standards.

The decoding side decides whether or not each of the viewpoints
concerning the respective incoming coded bitstreams is a base viewpoint.
For each of the incoming coded bitstreams, the encoding apparatus
generates a parameter which enables the decoding side to decide whether or
not the related viewpoint is a base viewpoint. The generation of the
parameter is implemented by the step S101. The encoding apparatus
directly or indirectly encodes the generated parameter before sending its
coded version to the decoding side. The directly or indirectly encoding is
implemented by the step S101. Thus, the coded version of the parameter
is contained in the coded bitstream generated by the step S101. The
indirectly encoding is designed so that the decoding side can recover the
original parameter through calculation from other parameters.

The view dependency counts for the respective viewpoints may be in

a set before the set is encoded by the step S101 as a parameter about the
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whole of the video sequences. In this case, the view dependency counts for
the respective viewpoints are encoded as one of the parameters in the SPS
prescribed by the MPEG-4 AVC/H.264 standards through the use of the
syntax structure in Fig. 5.

After the step S101, the program reaches a step S103 through the
loop point S102. The step S103 rearranges pictures in the video sequence
M(0), M(1), or M(2) from the display timing order to the picture encoding
order. Then, the program advances from the step S103 to a step S105
through the loop point S104. The step S103 corresponds to the picture
buffer 201 in Fig. 9.

There is information about slices constituting every picture. For
every slice, the step S105 encodes the slice-related information into a
portion (a VCL NAL unit prescribed by the MPEG-4 AVC/H.264 standards)
of a coded bitstream S(0), S(1), or S(2). There are the viewpoint IDs for the
respective video sequences M(0), M(1), and M(2). The step S105 adds the
present viewpoint ID to the slice-related information before encoding the
resultant slice-related information into a portion of the coded bitstream S(0),
S(1), or S(2).

There are the view dependency counts for the viewpoints about the
video sequences M(0), M(1), and M(2) respectively. The view dependency
counts may be individually and separately encoded on a
viewpoint-by-viewpoint basis. In this case, the step S105 adds the present
view dependency count to the slice-related information before encoding the
resultant slice-related information into a portion of the coded bitstream S(0),
S(1), or S(2). Specifically, according to the syntax structure in Fig. 7, the
view dependency count is encoded as one of parameters about each of slices
constituting one picture. The view dependency count may not be encoded

for every slice. Preferably, the view dependency count which differs from
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"0" is encoded for at least an access unit corresponding to a decoding start.

After the step S105, the program reaches a step S107 through the
loop point S106. The step S107 performs the motion-compensated
prediction in each of the different modes and the disparity-compensated
prediction in each of the different modes for the current block. Accordingly,
the step S107 detects a motion vector or vectors, a disparity vector or
vectors, and generates a motion/disparity-compensated prediction block (a
motion/disparity-compensated prediction signal) corresponding to the
current block for each of the motion/disparity-compensated prediction
modes. The step S107 implements the above actions for each of the
different block sizes. The step S107 corresponds to the
motion/disparity-compensated predicting section 202 in Fig. 9.

A step S108 following the step S107 decides a coding mode on the
basis of the results of the motion/disparity-compensated prediction by the
step S107 and the signals generated by the step S107. The step S110
generates a final prediction signal (a final prediction block) from one of the
motion/disparity-compensated prediction signals according to the decided
coding mode for the current block. The step S110 corresponds to the
coding-mode deciding section 203 in Fig. 9.

A step S109 subsequent to the step S108 subtracts the final
prediction signal from the current-block picture signal to generate the
residual signal. The step S109 corresponds to the subtracter 204 in Fig. 9.

A step S110 following the step S109 encodes the residual signal into
a coded residual signal through the signal processing inclusive of the
orthogonal transform and the quantization for the current block. The step
S110 corresponds to the residual-signal encoding section 205 in Fig. 9.

A step S111 subsequent to the step S110 decides whether or not the

current picture represented by the coded residual signal should be at least
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one of a reference picture in motion-compensated prediction for a picture
following the current picture in the encoding order and a reference picture
in disparity-compensated prediction for a picture about another viewpoint.
When the current picture should be at least one of the reference pictures,
the program advances from the step S111 to a step S112. Otherwise, the
program jumps from the step S111 to a step S115.

The step S112 decodes the coded residual signal into the decoded
residual signal through the signal processing inclusive of the inverse
quantization and the inverse orthogonal transform. The step S112
corresponds to the residual-signal decoding section 206 in Fig. 9.

A step S113 following the step S112 superimposes the decoded
residual signal on the final prediction signal to generate the decoded picture
signal. The step S113 corresponds to the adder 207 in Fig. 9.

A step S114 subsequent to the step S113 stores the decoded picture
signal into the RAM 10D (a buffer). The decoded picture signal in the RAM
10D can be used as a reference picture for motion-compensated prediction.
In addition, the decoded picture signal can be used as a reference picture
for disparity-compensated prediction regarding another viewpoint. After
the step S114, the program advances to the step S115.

For the current block, the step S115 encodes the coded residual
signal, the signal representative of the decided coding mode, the motion
vector or vectors, and the disparity vector or vectors into the bitstream S(0),
S(1), or S(2) through the entropy encoding inclusive of the Huffman
encoding or the arithmetic encoding. Then, the program exits from the
step S115 and passes through the loop points S116, S117, and S118 before
the current execution cycle of the program segment ends. The step S115
corresponds to the bitstream generating section 209 in Fig. 9.

Third Embodiment
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Fig. 12 shows a multi-view video decoding apparatus according to a
third embodiment of this invention. The decoding apparatus receives the
coded bitstream inclusive of SPS, PPS, and SEI, and the different-viewpoint
coded bitstreams S(v) from the encoding apparatus of Fig. 1 or Fig. 10,
where "v" denotes an ID for each viewpoint, and v=0, 1, 2, --. The
decoding apparatus decodes the coded bitstream inclusive of SPS, PPS, and
SEI. Furthermore, the decoding apparatus decodes the different-viewpoint
coded bitstreams S(v) into different-viewpoint decoded video sequences
M(v)A.

The decoding apparatus of Fig. 12 is extended from a decoding
apparatus conforming to the MPEG-4 AVC/H.264 standards. Thus, the
decoding apparatus of Fig. 12 has a basic portion designed to conform to
the MPEG-4 AVC/H.264 standards.

As shown in Fig. 12, the decoding apparatus includes
coded-bitstream decoding sections 301, 303, 306, and 309, a decoding
management section 302, buffers (buffer memories) 304, 307, and 310, and
picture decoding sections 305, 308, and 311.

The coded-bitstream decoding section 301 receives the coded
bitstream inclusive of SPS, PPS, and SEI assigned the parameters about the
whole of the video sequences, the parameters about pictures, and the
parameters about the supplemental enhancement information. The
coded-bitstream decoding section 301 decodes the received coded bitstream,
thereby recovering the parameters about the whole of the video sequences,
the parameters about pictures, and the parameters about the supplemental
enhancement information. The coded-bitstream decoding section 301
feeds the decoding management section 302 with the decoded parameters
about the whole of the video sequences, the decoded parameters about

pictures, and the decoded parameters about the supplemental
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enhancement information (SEI).

In the case where the encoding apparatus combines the view
dependency counts for the respective viewpoints in a set before encoding
the set as a parameter about the whole of the video sequences, the
coded-bitstream decoding section 301 recovers the view dependency counts
according to the syntax structure in Fig. 5. In the case of conformity to
MPEG-4 AVC/H.264, the view dependency counts are coded in the SPS or
SEI etc. of the coded bitstream. The coded-bitstream decoding section 301
feeds the recovered view dependency counts to the decoding management
section 302. In the decoding management section 302, the default values
of the view dependency counts for the respective viewpoints are "0". The
decoding management section 302 updates the view dependency counts
from "0" to the values represented by the decoded ones fed from the
coded-bitstream decoding section 301.

The coded-bitstream decoding sections 303, 306, and 309 receive
the coded bitstreams S(0), S(1), and S(2) about the viewpoints 0, 1, and 2,
respectively. It should be noted that there may be more than three
coded-bitstream decoding sections assigned to coded bitstreams about
different viewpoints respectively.

The coded-bitstream decoding section 303 decodes specified data in
the coded bitstream S(0). The specified data represents parameters about
slices constituting a picture from the viewpoint O and encoded as a header
of a VCL NAL unit and a slice header prescribed by the MPEG-4 AVC/H.264
standards. Thus, the coded-bitstream decoding section 303 recovers the
parameters about slices constituting a picture from the viewpoint 0. The
coded-bitstream decoding section 303 feeds the recovered slice-related
parameters to the decoding management section 302. The

coded-bitstream decoding section 303 does not decode portions of the
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coded bitstream S(0) which represent the coding mode, motion vectors,
disparity vectors, and DCT coefficients for every multi-pixel block.

Similarly, the coded-bitstream decoding section 306 decodes
specified data in the coded bitstream S(1), thereby recovering parameters
about slices constituting a picture from the viewpoint 1. The
coded-bitstream decoding section 306 feeds the recovered slice-related
parameters to the decoding management section 302. The
coded-bitstream decoding section 309 decodes specified data in the coded
bitstream S(2), thereby recovering parameters about slices constituting a
picture from the viewpoint 2. The coded-bitstream decoding section 309
feeds the recovered slice-related parameters to the decoding management
section 302.

In the case where the encoding apparatus encodes the view
dependency counts individually and separately on a viewpoint-by-viewpoint
basis, the coded-bitstream decoding sections 303, 306, and 309 decode the
coded versions of the view dependency counts as ones of parameters about
slices constituting pictures from the viewpoints 0, 1, and 2 according to the
syntax structure in Fig. 7. In the case of conformity to MPEG-4
AVC/H.264, the view dependency counts are coded in the header of VCL
NAL unit for or slice header etc. of the coded bitstream. Thus, in this case,
the coded-bitstream decoding sections 303, 306, and 309 recover the
values of the view dependency counts for the viewpoints 0, 1, and 2
respectively. The coded-bitstream decoding sections 303, 306, and 309
notifies the recovered values of the view dependency counts to the decoding
management section 302. In the decoding management section 302, the
default values of the view dependency counts for the respective viewpoints
are "0". The decoding management section 302 updates the view

dependency counts from "0" to the values notified by the coded-bitstream
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decoding sections 303, 306, and 309.

The coded-bitstream decoding sections 303, 306, and 309 pass the
non-decoded portions of the coded bitstreams S(0), S(1), and S(2) to the
buffers 304, 307, and 310, respectively. The non-decoded portions of the
coded bitstreams S(0), S(1), and S(2) represent the coding mode, motion
vectors, disparity vectors, and DCT coefficients for every multi-pixel block.
The buffers 304, 307, and 310 store the non-decoded portions of the coded
bitstreams S(0), S(1), and S(2), respectively. The data stored in each of the
buffers 304, 307, and 310 periodically corresponds to all slices constituting
one access unit. It should be noted that there may be more than three
buffers for coded bitstreams about different viewpoints respectively.

The decoding management section 302 performs decoding-related
management on the basis of the parameters about the whole of the video
sequences, the parameters about pictures, and the parameters about slices
constituting pictures. The parameters about the whole of the video
sequences, and the parameters about pictures are fed from the
coded-bitstream decoding section 301. The parameters about slices
constituting pictures are fed from the coded-bitstream decoding sections
303, 306, and 309.

The decoding of the non-decoded portions of the coded bitstream
about the base viewpoint (the viewpoint 0) does not refer to a decoded
picture or pictures concerning an other viewpoint or viewpoints as a
reference picture or pictures. The start timing of the decoding of the
non-decoded portions of a coded bitstream about a viewpoint different from
the base viewpoint is delayed from that of the decoding of the non-decoded
portions of the coded bitstream about the base viewpoint. The decoding
management section 302 decides whether or not each of the viewpoints is a

base viewpoint on the basis of the fed parameters. Specifically, for each of
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the viewpoints, the decoding management section 302 chepks whether or
not the related view dependency count is "0". When the related view
dependency count is "0", the decoding management section 302 decides
that the present viewpoint is a base viewpoint. On the other hand, when
the related view dependency count differs from "0", the decoding
management section 302 decides that the present viewpoint is not a base
viewpoint. The decoding management section 302 manages the start
timings of the decoding of the non-decoded portions of the coded bitstreams
in accordance with the view dependency counts. Specifically, the decoding
management section 302 manages decoding clock signals for starting the
decoding of the non-decoded portions of the coded bitstreams about the
respective viewpoints. At every timing, the decoding management section
302 decides whether or not the decoding of the non-decoded portions of
each of the coded bitstreams should be started. The decoding
management section 302 uses the results of this decision in the
management of the decoding start timings. The decoding management
section 302 delays or non-delays the start timing of the decoding of the
non-decoded portions of each coded bitstream in accordance with the
related view dependency count.

The buffers 304, 307, and 310 store the non-decoded portions of the
coded bitstreams S(0), S(1), and S(2) fed from the coded-bitstream decoding
sections 303, 306, and 309 respectively and representing the coding mode,
motion vectors, disparity vectors, and DCT coefficients for every multi-pixel
block. The coded bitstreams S(0), S(1), and S(2) are read out from the
buffers 304, 307, and 310 on an access-unit by access-unit basis.
Regarding the management of the decoding start timings, the decoding
management section 302 determines desired decoding start timings for the

respective viewpoints. When the present moment reaches the desired
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decoding start timing for the viewpoint O, the decoding management section
302 controls the buffer 304 to output one access unit of the coded bitstream
S(0) to the picture decoding section 305. At the same time, the decoding
management section 302 controls the picture decoding section 305 to start
decoding the access unit of the coded bitstream S(0). Similarly, when the
present moment reaches the desired decoding start timing for the viewpoint
1, the decoding management section 302 controls the buffer 307 to output
one access unit of the coded bitstream S(1) to the picture decoding section
308. At the same time, the decoding management section 302 controls the
picture decoding section 308 to start decoding the access unit of the coded
bitstream S(1). When the present moment reaches the desired decoding
start timing for the viewpoint 2, the decoding management section 302
controls the buffer 310 to output one access unit of the coded bitstream S(2)
to the picture decoding section 311. At the same time, the decoding
management section 302 controls the picture decoding section 311 to start
decoding the access unit of the coded bitstream S(2).

A further description will be given of the case where the picture
decoding order is that in Fig. 3. With reference to Fig. 3, there are coded
versions of pictures taken from the viewpoints O, 1, 2, ---, and 7. Thus, in
addition to the coded-bitstream decoding sections 303, 306, and 309, there
are five other coded-bitstream decoding sections provided in parallel and
assigned to the viewpoints 3, 4, 5, 6, and 7 respectively. In addition to the
buffers 304, 307, and 310 of Fig. 12, there are five other buffers provided in
parallel and assigned to the viewpoints 3, 4, 5, 6, and 7 respectively. In
addition to the picture decoding sections 305, 308, and 311, there are five
other picture decoding sections provided in parallel and assigned to the
viewpoints 3, 4, 5, 6, and 7 respectively.

The decoding management section 302 sets a counter (an
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access-unit time counter) to "0". The decoding management section 302
decides whether or not the coded bitstream in the buffer assigned to the
base viewpoint (the viewpoint 0) corresponds to all slices constituting one
access unit. The decoding management section 302 identifies the base
viewpoint from the fact that the related view dependency count is "0". The
decoding management section 302 waits until the coded bitstream in the
buffer assigned to the base viewpoint corresponds to all slices constituting
one access unit. After the coded bitstream in the buffer assigned to the
base viewpoint corresponds to all slices constituting one access unit, the
decoding management section 302 controls the buffer 304 to output an
access unit of a first picture P(0, O) concerning the viewpoint O to the picture
decoding section 305. At the same time, the decoding management section
302 controls the picture decoding section 305 to decode the access unit of
the picture P(0, 0). At this time, the decoding management section 302
operates not to decode the coded bitstreams about the viewpoints 1-7 for
which the view dependency counts are greater than "0". Accordingly, the
decoding management section 302 delays the decoding of the coded
bitstreams about the viewpoints 1-7 relative to the decoding of the coded
bitstream about the viewpoint O (the base viewpoint). The decoding
management section 302 increments the counter from "0" to "1" for a time
interval corresponding to one access unit.

Next, the decoding management section 302 detects, among the
viewpoints, those viewpoints for which the view dependency counts are
equal to or smaller than "1" (the current value of the counter). Specifically,
the decoding management section 302 detects the viewpoints O and 2 as
such viewpoints. Then, the decoding management section 302 controls
the buffers 304 and 310 to output an access unit of a picture P(0, 4)

concerning the viewpoint O and an access unit of a first picture P(2, 0)
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concerning the viewpoint 2 to the picture decoding sections 305 and 311
respectively on a simultaneous parallel basis. At the same time, the
decoding management section 302 controls the picture decoding sections
305 and 311 to decode the access unit of the picture P(0, 4) and the access
unit of the picture P(2, O0) on a simultaneous parallel basis. At this time,
the decoding management section 302 operates not to decode the coded
bitstreams about the viewpoints 1, and 3-7 for which the view dependency
counts are greater than "1" (the current value of the counter). Accordingly,
the decoding management section 302 further delays the decoding of the
coded bitstreams about the viewpoints 1, and 3-7. The decoding
management section 302 increments the counter from "1" to "2" for a time
interval corresponding to one access unit.

Subsequently, the decoding management section 302 detects,
among the viewpoints, those viewpoints for which the view dependency -
counts are equal to or smaller than "2" (the current value of the counter).
Specifically, the decoding management section 302 detects the viewpoints O,
1, 2, and 4 as such viewpoints. Then, for the viewpoints O, 1, 2, and 4, the
decoding management section 302 controls the buffers to output an access
unit of a picture P(0, 2) concerning the viewpoint 0, an access unit of a first
picture P(1, O) concerning the viewpoint 1, an access unit of a picture P(2, 4)
concerning the viewpoint 2, and an access unit of a first picture P(4, 0)
concerning the viewpoint 4 to the picture decoding sections respectively on
a simultaneous parallel basis. At the same time, the decoding
management section 302 controls the picture decoding sections to decode
the access unit of the picture P(0, 2), the access unit of the picture P(1, 0),
the access unit of the picture P(2, 4), and the access unit of the picture P(4,
0) on a simultaneous parallel basis. At this time, the decoding

management section 302 operates not to decode the coded bitstreams
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about the viewpoints 3, and 5-7 for which the view dependency counts are
greater than "2" (the current value of the counter). Accordingly, the
decoding management section 302 further delays the decoding of the coded
bitstreams about the viewpoints 3, and 5-7. The decoding management
section 302 increments the counter from "2" to "3" for a time interval
corresponding to one access unit.

Next, the decoding management section 302 detects, among the
viewpoints, those viewpoints for which the view dependency counts are
equal to or smaller than "3" (the current value of the counter). Specifically,
the decoding management section 302 detects the viewpoints 0-4 and 6 as
such viewpoints. Then, for the viewpoints 0-4 and 6, the decoding
management section 302 controls the buffers to output an access unit of a
picture P(0O, 1) concerning the viewpoint 0, an access unit of a picture P(1, 4)
concerning the viewpoint 1, an access unit of a picture P(2, 2) concerning
the viewpoint 2, an access unit of a first picture P(3, 0) concerning the
viewpoint 3, an access unit of a picture P(4, 4) concerning the viewpoint 4,
and an access unit of a first picture P(6, 0) concerning the viewpoint 6 to the
picture decoding sections respectively on a simultaneous parallel basis. At
the same time, the decoding management section 302 controls the picture
decoding sections to decode the access unit of the picture P(0, 1), the access
unit of the picture P(1, 4), the access unit of the picture P(2, 2), the access
unit of the picture P(3, 0), the access unit of the picture P(4, 4), and the
access unit of the picture P(6, O) on a simultaneous parallel basis. At this
time, the decoding management section 302 operates not to decode the
coded bitstreams about the viewpoints 5 and 7 for which the view
dependency counts are greater than "3" (the current value of the counter).
Accordingly, the decoding management section 302 further delays the

decoding of the coded bitstreams about the viewpoints 5 and 7. The
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decoding management section 302 increments the counter from "3" to "4"
for a time interval corresponding to one access unit.

Subsequently, the decoding management section 302 detects,
among the viewpoints, those viewpoints for which the view dependency
counts are equal to or smaller than "4" (the current value of the counter).
Specifically, the decoding management section 302 detects the viewpoints
0-7 as such viewpoints. Then, for the viewpoints 0-7, the decoding
management section 302 controls the buffers to output an access unit of a
picture P(0O, 3) concerning the viewpoint 0, an access unit of a picture P(1, 2)
concerning the viewpoint 1, an access unit of a picture P(2, 1) concerning
the viewpoint 2, an access unit of a first picture P(3, 4) concerning the
viewpoint 3, an access unit of a picture P(4, 2) concerning the viewpoint 4,
an access unit of a first picture P(5, 0) concerning the viewpoint 5, an access
unit of a picture P(6, 4) concerning the viewpoint 6, and an access unit of a
first picture P(7, O) concerning the viewpoint 7 to the picture decoding
sections respectively on a simultaneous parallel basis. At the same time,
the decoding management section 302 controls the picture decoding
sections to decode the access unit of the picture P(O, 3), the access unit of
the picture P(1, 2), the access unit of the picture P(2, 1), the access unit of
the picture P(3, 4), the access unit of the picture P(4, 2), the access unit of
the picture P(5, 0), the access unit of the picture P(6, 4), and the access unit
of the picture P(7, O) on a simultaneous parallel basis.

Thereafter, all the coded bitstreams about the respective viewpoints
0-7 are decoded on a simultaneous parallel basis for every access unit.

The picture decoding section 305 receives the coded bitstream S(0)
of the viewpoint O on an access-unit by access-unit basis. The picture
decoding section 305 decodes the coded bitstream S(0) into a decoded video

sequence M(O)A of the viewpoint O for every access unit while being
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controlled by the decoding management section 302. The picture decoding
section 308 receives the coded bitstream S(1) of the viewpoint O on an
access-unit by access-unit basis. The picture decoding section 308
receives reference pictures R(0) and R(2) from the picture decoding sections
305 and 311 respectively. The picture decoding section 308 decodes the
coded bitstream S(1) into a decoded video sequence M(1)A of the viewpoint 1
through the use of the reference pictures R(0) and R(2) for every access unit
while being controlled by the decoding management section 302. The
picture decoding section 311 receives the coded bitstream S(2) of the
viewpoint 2 on an access-unit by access-unit basis. The picture decoding
section 311 receives a reference picture R(0) from the picture decoding
section 305. The picture decoding section 311 decodes the coded
bitstream S(2) into a decoded video sequence M(2)A of the viewpoint 2
through the use of the reference picture R(0) for every access unit while
being controlled by the decoding management section 302.

The picture decoding sections 305, 308, and 311 output the decoded
video sequences M(0)A, M(1)A, and M(2)A, respectively. Preferably, the
picture decoding sections 305, 308, and 311 are of the same structure.
Accordingly, a picture decoding section used as each of the picture decoding
sections 305, 308, and 311 will be described in detail hereafter. |

As shown in Fig. 13, a picture decoding section (the picture decoding
section 305, 308, or 311) includes a bitstream decoding section 401, a
motion/disparity-compensated predicting section 402, a prediction-signal
generating section 403, a residual-signal decoding section 404, an adder
405, a decoded picture buffer 406, and switches 407 and 408. The devices
and sections 401-408 are controlled by the decoding management section
302.

The motion/disparity-compensated predicting section 402 is
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connected to an other picture decoding section or sections via the switch
407. When the switch 407 is set in its ON state, the
motion/disparity-compensated predicting section 402 can receive a
reference picture or pictures from the other picture decoding section or
sections.

The switch 408 is connected between the decoded picture buffer 406
and an other picture decoding section or sections. When the switch 408 is
set in its ON state, a decoded picture signal can be fed from the decoded
picture buffer 406 to the other picture decoding section or sections as a
reference picture for disparity-compensated prediction in the other picture
decoding section or sections.

In the case where the decoding management section 302 sets the
switch 407 in its OFF state while setting the switch 408 in its ON state, the
picture decoding section of Fig. 13 operates as the picture decoding section
305. In the case where the decoding management section 302 sets the
switch 407 in its ON state while setting the switch 408 in its OFF state, the
picture decoding section of Fig. 13 operates as the picture decoding section
308. In the case where the decoding management section 302 sets the
switches 407 and 408 in their ON states, the picture decoding section of Fig.
13 operates as the picture decoding section 311.

With reference to Fig. 13, the bitstream decoding section 401
receives the coded bitstream S(0), S(1), or S(2). The bitstream decoding
section 401 decodes the coded bitstream S(0), S(1), or S(2) into a
coding-mode signal, a motion vector or vectors, a disparity vector or vectors,
and a coded residual signal on a block-by-block basis. The operation of
the bitstream decoding section 401 is substantially inverse with respect to
the operation of the bitstream generating section 209 in Fig. 9. The

bitstream decoding section 401 feeds the coding-mode signal to the
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decoding management section 302. The bitstream decoding section 401
feeds the motion vector or vectors and the disparity vector or vectors to the
motion/disparity-compensated predicting section 402. The bitstream
decoding section 401 feeds the coded residual signal to the residual-signal
decoding section 404.

The decoding management section 302 detects, from the
coding-mode signal, a mode of the encoding of an original block
corresponding to every block handled by the bitstream decoding section
401. The detected coding mode describes a set of items including an item
indicating which one or ones of motion-compensated prediction and
disparity-compensated prediction have been used in the encoding of the
original block, an item indicating which one or ones of pictures have been
used as a reference picture or pictures in the encoding of the original block,
and an item indicating the size of a block divided from the original block.
The decoding management section 302 controls the devices and sections
401-408 in accordance with the detected coding mode.

In the case where the detected coding mode indicates that the
original block corresponding to the current block handled by the picture
deco.ding section has been subjected to motion-compensated prediction, the
decoding management section 302 controls the
motion/disparity-compensated predicting section 402 to implement
motion-compensated prediction from a reference picture or pictures in
response to the motion vector or vectors, and thereby generate a
motion-compensated prediction block (a motion-compensated prediction
signal). In this case, the reference picture or pictures are fed from the
decoded picture buffer 406. The motion/disparity-compensated
prédicting section 402 feeds the motion-compensated prediction block to

the prediction-signal generating section 403.
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In the case where the detected coding mode indicates that the
original block corresponding to the current block handled by the picture
decoding section has been subjected to disparity-compensated prediction,
the decoding management section 302 sets the switch 407 in its ON state so
that the switch 407 passes a reference picture or pictures to the
motion/disparity-compensated predicting section 402 from the decoded
picture buffer or buffers in the other picture decoding section or sections.
In this case, the decoding management section 302 controls the
motion/disparity-compensated predicting section 402 to implement
disparity-compensated prediction from the reference picture or pictures in
response to the disparity vector or vectors, and thereby generate a
disparity-compensated prediction block (a disparity-compensated
prediction signal). The motion/disparity-compensated predicting section
402 feeds the disparity-compensated prediction block to the |
prediction-signal generating section 403.

For the current block, the prediction-signal generating section 403
generates a final prediction signal from at least one of the
motion-compensated prediction block and the disparity-compensated
prediction block while being controlled by the decoding management
section 302 in accordance with the detected coding mode. The
prediction-signal generating section 403 feeds the final prediction signal to
the adder 405.

The residual-signal decoding section 404 decodes the coded residual
signal into a decoded residual signal through signal processing inclusive of
inverse quantization and inverse orthogonal transform. The
residual-signal decoding section 404 feeds the decoded residual signal to
the adder 405 on a block-by-block basis. The adder 405 superimposes the

decoded residual signal on the final prediction signal to generate a decoded
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picture signal. The adder 405 sequentially stores blocks of the decoded
picture signal into the decoded picture buffer 406.

The decoded picture signal can be fed from the decoded picture
buffer 406 to the motion/disparity-compensated predicting section 402 as a
reference picture for motion-compensated prediction. When the switch
408 is set in its ON state by the decoding management section 302, the
decoded picture signal can be fed from the decoded picture buffer 406 to the
other picture decoding section or sections as a reference picture for
disparity-compensated prediction.

In the picture decoding section of Fig. 13, the bitstream decoding
section 401 and the subsequent elements perform a sequence of the
above-mentioned operation steps for each of blocks constituting every
picture represented by the coded bitstream S(0), S(1), or S(2). Specifically,
the bitstream decoding section 401 and the subsequent elements perform a
per-block sequence of the operation steps for each of blocks constituting
one slice. Furthermore, the bitstream decoding section 401 and the
subsequent elements perform a per-slice sequence of the operation steps for
each of slices constituting one access unit corresponding to every picture
represented by the coded bitstream S(0), S(1), or S(2).

The decoded picture buffer 406 sequentially outputs
picture-corresponding segments of the decoded picture signal to, for
example, a display device in the display timing order as a decoded video
sequence M(0)A, M(1)A, or M(2)A while being controlled by the decoding
management section 302.

There may be a demultiplexing section for handling a multiplexed
bitstream containing the coded bitstream inclusive of SPS, PPS, and SEI,
and the coded bitstreams S(0), S(1), and S(2). The demultiplexing section

separates the multiplexed bitstream into NAL units prescribed by the
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MPEG-4 AVC/H.264 standards. The demultiplexing section decodes the
headers of the respective NAL units to detect the types of the NAL units.
The demultiplexing section classifies the NAL units according to their types.
The demultiplexing section feeds the coded-bitstream decoding section 301
with NAL units of the types which represent the parameters about the whole
of the video sequences, the parameters about pictures, and the parameters
about supplemental enhancement information (SEI). The demultiplexing
section classifies NAL units of the types concerning picture slice
information (VCL NAL units) into the coded bitstreams S(0), S(1), and S(2)
according to the viewpoint IDs therein.

As previously mentioned, the éoded bitstreams of the respective
viewpoints are decoded in real time on a parallel processing basis.
Preferably, one coded bitstream is decoded by one picture decoding section.
The number of viewpoints and the number of picture decoding sections may
differ from each other. For example, 8 coded bitstreams of respective
viewpoints may be decoded by 4 picture decoding sections. In this case,
two coded bitstreams are assigned one picture decoding section, and the
period of the decoding of one access unit is halved. For example, the coded
bitstreams of the viewpoints O and 1 are decoded by one picture decoding
section. During an exemplary decoding interval, one of an access unit
representing a coded picture P(0, 2) of the viewpoint O and an access unit
representing a coded picture P(1, 0) of the viewpoint 1 is decoded before the
other is decoded.

The encoding apparatus encodes the view dependency counts for the
respective viewpoints before sending the coded versions of the view
dependency counts to the decoding apparatus. The decoding apparatus
decodes the coded view dependency counts. The encoding apparatus

sends the coded bitstreams of the respective viewpoints to the decoding
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apparatus. The decoding apparatus decodes the coded bitstreams in real
time on a parallel processing basis. The decoding apparatus derives
desired delays of the start of decoding the coded bitstreams from the
decoded view dependency counts. The decoding apparatus starts
decoding the coded bitstreams at timings accorded with the desired delays
so that the picture-based synchronization among the coded bitstreams can
be acquired. Therefore, the decoding of a coded picture of a viewpoint to
generate a reference picture is surely completed before the start of the
decoding of a coded picture of another viewpoint which uses the reference
picture in disparity-compensated prediction. Accordingly, the parallel
processing for the real-time decoding of the coded bitstreams is efficient.

Fourth Embodiment

Fig. 14 shows a multi-view video decoding apparatus according to a
fourth embodiment of this invention. The decoding apparatus of Fig. 14 is
similar to that of Fig. 12 except for design changes mentioned hereafter.

The decoding apparatus of Fig. 14 includes a computer system 20
having a combination of an input/output port 20A, a CPU 20B, a ROM 20C,
a RAM 20D, and processors PR(0), PR(1), and PR(2). The input/output
port 20A receives the coded bitstream inclusive of SPS, PPS, and SEI, and
the coded bitstreams S(0), S(1), and S(2) of the respective viewpoints O, 1,
and 2. The computer system 20 decodes the coded bitstream inclusive of
SPS, PPS, and SEI. The computer system 20 decodes the coded bitstreams
S(0), S(1), and S(2) into the decoded view sequences M(0)A, M(1)A, and
M(2)A of the respective viewpoints O, 1, and 2. The input/output port 20A
outputs the decoded view sequences M(0)A, M(1)A, and M(2)A.

The CPU 20B in the computer system 20 operates in accordance
with a control program (a computer program) stored in the ROM 20C or the

RAM 20D. The processors PR(0), PR(1), and PR(2) are assigned to the
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coded bitstreams S(0), S(1), and S(2), respectively. The processors PR(0),
PR(1), and PR(2) decode the coded bitstreams S(0), S(1), and S(2) into the
decoded view sequences M(0)A, M(1)A, and M(2)A in real time on a parallel
processing basis. The processors PR(0), PR(1), and PR(2) are similar in
structure. Each of the processors PR(0), PR(1), and PR(2) operates in
accordance with a control program (a computer program) stored in its
internal memory. The control program is designed so that each of the
processors PR(0), PR(1), and PR(2) will act as a decoder. Each of the
processors PR(0), PR(1), and PR(2) includes a coded bitstream buffer and a
decoded picture buffer.

Fig. 15 is a flowchart of a segment of the control program for the CPU
20B and a segment of the control program for each of the processors PR(0),
PR(1), and PR(2). The segment of the control program for the CPU 20B has
a step S201. The segment of the control program for each of the
processors PR(0), PR(1), and PR(2) has loop points and steps S202-S220.
In Fig. 15, loop points S202 and S220 indicate that a sequence of steps
between them should be executed for the coded bitstream S(0), S(1), or S(2)
of interest. Furthermore, loop points S203 and S206 indicate that a
sequence of steps between them should be executed for each of slices
constituting one access unit. In addition, loop points S209 and S218
indicate that a sequence of steps between them should be executed for each
of slices constituting one access unit. Furthermore, loop points S210 and
5217 indicate that a sequence of steps between them should be executed for
each of blocks constituting one slice.

As shown in Fig. 15, the step S201 in the segment of the control
program for the CPU 20B decodes the coded bitstream inclusive of SPS, PPS,
and SEI, thereby recovering the parameters about the whole of the video

sequences, the parameters about pictures, and the parameters about the
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supplemental enhancement information.

In the case where the encoding apparatus combines the view
dependency counts for the respective viewpoints in a set before encoding
the set as a parameter about the whole of the video sequences, the step
S201 recovers the view dependency counts according to the syntax
structure in Fig. 5.

The step S201 is followed by a step for starting the control programs
for the processors PR(0), PR(1), and PR(2). These control programs are
designed to control the processors PR(0), PR(1), and PR(2) to decode the
coded bitstreams S(0), S(1), and S(2) into the decoded video sequences
M(0)A, M(1)A, and M(2)A in real time on a parallel processing basis.

After the step S201 in the control program for the CPU 20B is
executed, each of the control programs for the processors PR(0), PR(1), and
PR(2) reaches a step S204 through the loop points S202 and S203. The
step S204 decodes specified data in the related coded bitstream S(0), S(1),
or S(2). The specified data represents parameters about slices constituting
a picture from the present viewpoint and encoded as a header of a VCL NAL
unit and a slice header prescribed by the MPEG-4 AVC/H.264 standards.
Thus, the step S204 recovers the parameters about slices constituting a
picture from the present viewpoint. The step S204 does not decode
portions of the related coded bitstream S(0), S(1), or S(2) which represent
the coding mode, motion vectors, disparity vectors, and DCT coefficients for
every multi-pixel block.

In the case where the encoding apparatus encodes the view
dependency counts individually and separately on a viewpoint-by-viewpoint
basis, the step S204 decodes the coded version of the related view
dependency count as one of parameters about slices constituting a picture

from the present viewpoint. Thus, in this case, the step S204 recovers the
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value of the view dependency count for the present viewpoint.

A step S20S5 following the step S204 stores the non-decoded portions
of the related coded bitstream S(0), S(1), or S(2) in the related coded
bitstream buffer. The non-decoded portions of the related coded
bitstreams S(0), S(1), or S(2) represent the coding mode, motion vectors,
disparity vectors, aﬁd DCT coefficients for every multi-pixel block.

The steps S204 and 205 between the loop points S203 and S206 are
periodically iterated until the data stored in the related coded bitstream
buffer corresponds to all slices constituting one access unit. Thereafter,
the program advances from the step S205 to a step S207 through the loop
point S206. In this case, it is preferable that the loop point S206
increments the value of an access-unit time counter by "1".

The step S207 compares the decoded view dependency count and
the value of the access-unit time counter, and decides whether or not a
delay is necessary on the basis of the result of the comparison. When a
delay is necessary, the program advances from the step S207 to the loop
point S220 and then ends. On the other hand, when a delay is not
necessary, the program advances from the step S207 to a step S208.

The comparison by the step S207 is to determine whether or not the
present moment has reached the end of a desired delay of the start of the
decoding of a coded picture of the viewpoint of interest. The present
moment is indicated by the value of the access-unit time counter while the
desired delay is represented by the decoded view dependency count. When
the present moment has reached the end of the desired delay, the program
advances from the step S207 to the step S208. Otherwise, the program
advances from the step S207 to the step S220.

The step S208 reads out one access unit of the coded bitstream S(0),

S(1), or S(2) from the related coded bitstream buffer. The step S208 starts
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decoding the access unit of the coded bitstream S(0), S(1), or S(2). After the
step S209, the program reaches a step S211 through the loop points S209
and S210.

For the current block, the step S211 decodes the related coded
bitstream S(0), S(1), or S(2) into the coding-mode signal, the motion vector
or vectors, the disparity vector or vectors, and the coded residual signal.
The step S203 corresponds to the bitstream decoding section 401 in Fig. 13.

A step S212 following the step S211 selectively performs the
motion-compensated prediction from a reference picture or pictures in
response to the coding-mode signal and the motion vector or vectors, and
thereby generates a motion-compensated prediction block (a
motion-compensated prediction signal). The step S212 selectively
performs the disparity-compensated prediction from an other-viewpoint
reference picture or pictures in response to the coding-mode signal and the
disparity vector or vectors, and thereby generates a disparity-compensated
prediction block (a disparity-compensated prediction signal). The step
5212 corresponds to the motion/disparity-compensated predicting section
402 in Fig. 13.

A step S213 subsequent to the step S212 generates a final
prediction signal from at least one of the motion-compensated prediction
block and the disparity-compensated prediction block in accordance with
the coding-mode signal. The step S213 corresponds to the
prediction-signal generating section 403 in Fig. 13.

A step S214 following the step S213 decodes the coded residual
signal into the decoded residual signal through the signal processing
inclusive of the inverse quantization and the inverse orthogonal transform.
The step S214 corresponds to the residual-signal decoding section 404 in

Fig. 13.
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A step S215 subsequent to the step S214 superimposes the decoded
residual signal on the final prediction signal to generate a decoded picture
signal. The step S215 corresponds to the adder 405 in Fig. 13

A step S216 following the step S215 stores the decoded picture
signal into the related decoded picture buffer. After the step S216, the
program reaches a step S219 through the loop points S217 and S218.

The step S219 sequentially outputs picture-corresponding segments
(pictures) of the decoded picture signal from the decoded picture buffer in
the display timing order. The program advances from the step S219 to the
loop point S220, and then ends.

After the control programs for the processors PR(0), PR(1), and PR(2)
end, the control program for the CPU 20B also ends.

Fifth Embodiment

Fig. 16 shows a multi-view video encoding apparatus according to a
fifth embodiment of this invention. The encoding apparatus of Fig. 16 is
similar to that of Fig. 1 except that an encoding management section 501
and a coded bitstream generating section 502 replace the encoding
management section 101 and the coded bitstream generating section 102
(see Fig. 1) respectively.

The encoding management section 501 performs encoding-related
management in accordance with encoding parameters set from an external.
The encoding-related management utilizes information (parameters) about
the whole of the video sequences, information (parameters) about pictures,
and information (parameters) about slices constituting each picture.
Furthermore, the encoding management section 501 performs the
management of the picture encoding order for each video sequence M(v) and
the management of view dependencies (reference dependencies) among

pictures in the video sequences M(v). Basically, the encoding management
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section 501 is similar in operation to the encoding management section 101
in Fig. 1.

The encoding management section 501 feeds the coded bitstream
generating section 502 with the parameters about the whole of the video
sequences, the parameters about pictures, and the parameters about
supplemental enhancement information. On the other hand, the encoding
management section 501 does not feed the view dependency counts to the
bitstream generating section 502. Thus, the view dependency counts are
neither encoded nor sent toward a decoding side.

The encoding management section 501 feeds information about the
view dependencies (the reference dependencies) among pictures in the video
sequences M(v) to the coded bitstream generating section 502. The
encoding management section 501 notifies the number of the viewpoints to
the coded bitstream generating section 502.

The coded bitstream generating section 502 encodes the parameters
about the whole of the video sequences, the parameters about pictures, the
parameters about supplemental enhancement information, the view
dependencies, and the number of viewpoints into a coded bitstream
representative of an SPS (sequence parameter set), a PPS (picture
parameter set), and SEI (supplemental enhancement information)
prescribed by the MPEG-4 AVC/H.264 standards. The parameters about
the whole of the video sequences, the view dependencies, and the number of
viewpoints are assigned to the SPS. The parameters about pictures are
assigned to the PPS. The parameters about supplemental enhancement
information are assigned to the SEI. The coded bitstream generating
section 502 sends the coded bitstream inclusive of SPS, PPS, and SEI to the
decoding side.

The decoding side decodes the coded bitstream inclusive of SPS, PPS,
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and SEI to recover the parameters about the whole of the video sequences,
the parameters about pictures, the parameters about supplemental
enhancement information, the view dependencies, and the number of
viewpoints. The decoding side calculates the view dependency counts for
the respective viewpoints from the recovered view dependencies and the
recovered number of viewpoints.

The number of viewpoints and the view dependencies are encoded as
information about the whole of the video sequences in, for example, a way
disclosed in "Joint Draft 1.0 on Multiview Video Coding, Joint Video Team of
ISO/IEC MPEG & ITU-T VCEG, JVT-U209, November 2006". For the
encoding of the number of viewpoints and the view dependencies, this
encoding way utilizes a syntax structure shown in Fig. 17.

With reference to Fig. 17, "seq_parameter_set_mvc_extension" is
contained in an SPS prescribed by the MPEG-4 AVC/H.264 standards.
Syntax elements representing parameters are as follows. There is
"num_views_minusl" indicating a parameter for encoding the number of
viewpoints from which the multi-view video is taken. The value of
"num_views_minus1" is equal to the number of viewpoints minus 1. There
is "num_anchor_refs_l0[i]" indicating the number of disparity-compensated
prediction references for reference picture list O for anchor pictures with
viewpoint ID equal to "i". Here, the anchor picture means a picture of a
first time point which can be decoded without referring to another picture of
a second time point different from the first time point as a reference picture.
The decoding of an anchor picture of a time point and a first viewpoint can
refer to only an anchor picture of the same time point and a second
viewpoint different from the first viewpoint as a reference picture.
Accordingly, the encoding of an anchor picture can not use

motion-compensated prediction. For example, the pictures P(0O, 0), P(1, 0),
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P(2, 0), P(O, 4), P(1, 4), and P(2, 4) in Fig. 2 are anchor pictures. Regarding
inter-picture prediction (motion-compensated prediction or
disparity-compensated prediction) for a P slice or a B slice, a reference
picture list is used for designating which of candidate reference pictures is
actually referred to as a reference picture. There are reference picture lists
Oand 1. Fora P slice, inter-picture prediction can be implemented
through the use of only the reference picture list 0. For a B slice,
inter-picture prediction can be implemented through the use of both the
reference picture lists O and 1.

In Fig. 17, "anchor_ref_10[i][j]" indicates the ID of a viewpoint that is
used as the j-th reference of reference picture list O for anchor pictures of
the viewpoint with viewpoint ID equal to "i". There is
"num_anchor_refs_11[i]" specifying the number of disparity-compensated
prediction references for reference picture list 1 for anchor pictures with
viewpoint ID equal to "i". There is "anchor_ref_11[i]{j]" indicating the ID of a
viewpoint that is used as the j-th reference of reference picture list 1 for
anchor pictures of the viewpoint with viewpoint ID equal to "i". There is
"num_non_anchor_refs_lO[i]" indicating the number of
disparity-compensated prediction references for reference picture list O for
non-anchor pictures with viewpoint ID equal to "i". Here, non-anchor
pictures are pictures except anchor pictures. The encoding and decoding
of a non-anchor picture of a first time point can refer to a picture of a second
time point different from the first time point as a reference picture. Thus,
the encoding and decoding of a non-anchor picture can use
motion-compensated prediction. For example, the pictures P(0, 1), P(1, 1),
P(2, 1), P(O, 2), P(1, 2), and P(2, 2) in Fig. 2 are non-anchor pictures.

In Fig. 17, "non_anchor_ref_lO[i][j]" indicates the ID of a viewpoint

that is used as the j-th reference of reference picture list O for non-anchor
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pictures of the viewpoint with viewpoint ID equal to "i". There is
"num_non_anchor_refs_l1[i]" specifying the number of
disparity-compensated prediction references for reference picture list 1 for
non-anchor pictures with viewpoint ID equal to "i". There is
"non_anchor_ref_11[i][j]" indicating the ID of a viewpoint that is used as the
j-th reference of reference picture list 1 for non-anchor pictures with the
viewpoint with viewpoint ID equal to "i". Each syntax element is encoded
into a form without a sign according to an exponential Golomb coding
scheme. The exponential Golomb coding is one type of universal coding.
Thus, the exponential Golomb coding is variable length coding without
using a conversion table.

In the case where the view sequences are encoded with
motion-compensated prediction and disparity-compensated prediction
under conditions of Fig. 2 according to the syntax structure of Fig. 17,
syntax elements take values as shown in Fig. 18.

An encoding side encodes the previously-indicated parameters
before sending the coded version of the parameters to a decoding side. The
decoding side decodes the coded parameters. When decoding a coded
picture from a certain viewpoint, the decoding side can decide which of
pictures from viewpoints should be referred to as a reference picture on the
basis of the decoded parameters. The decoding side may calculate view
dependency counts from the decoded parameters.

With reference back to Fig. 16, the coded bitstream generating
section 502 receives, from the encoding management section 501, the
parameters about the whole of the video sequences, the parameters about
pictures, the parameters about the supplemental enhancement information,
the view dependencies (the reference dependencies) among pictures in the

video sequences M(v), and the number of the viewpoints. The coded
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bitstream generating section 502 encodes the parameters about the whole
of the video sequences, the parameters about pictures, the parameters
about supplemental enhancement information, the view dependencies, and
the number of viewpoints into a coded bitstream representative of an SPS
(sequence parameter set), a PPS (picture parameter set), and SEI
(supplemental enhancement information) prescribed by the MPEG-4
AVC/H.264 standards. The parameters about the whole of the video
sequences, the view dependencies, and the number of viewpoints are
assigned to the SPS. The encoding of the view dependencies is
implemented according to the syntax structure in Fig. 17. The parameters
about pictures are assigned to the PPS. The parameters about
supplemental enhancement information are assigned to the SEI. The
coded bitstream generating section 502 sends the coded bitstream inclusive
of SPS, PPS, and SEI to the decoding side. The decoding side decodes the
coded view dependencies and the coded number of viewpoints before
calculating view dependency counts from the decoded view dependencies
and the decoded number of viewpoints.

The bitstream generating section 502 does not encode the view
dependency counts. Therefore, the bitstream generating section 502 does
not transmit the view dependency counts to the decoding side.

As previously mentioned, the number of viewpoints and the view
dependencies (the reference dependencies) are encoded before being
transmitted to the decoding side. The decoding side decodes the coded
number of viewpoints and the coded view dependencies. The decoding side
computes the view dependency counts for the respective viewpoints from
the decoded number of viewpoints and the decoded view dependencies. As
previously mentioned, the coded bitstreams of the respective viewpoints are

transmitted to the decoding side. For example, the decoding side decodes
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the coded bitstreams in real time on a parallel processing basis. The
decoding side derives desired delays of the start of decoding the coded
bitstreams from the computed view dependency counts. The decoding side
starts decoding the coded bitstreams at timings accorded with the desired
delays so that the picture-based synchronization among the coded
bitstreams can be acquired. Therefore, the decoding of a coded picture of a
viewpoint to generate a reference picture is surely completed before the
start of the decoding of a coded picture of another viewpoint which uses the
reference picture in disparity-compensated prediction.

Sixth Embodiment

Fig. 19 shows a multi-view video decoding apparatus according to a
sixth embodiment of this invention. The decoding apparatus of Fig. 19 is
similar to that of Fig. 12 except for design changes mentioned hereafter.

The decoding apparatus of Fig. 19 receives the coded bitstream
inclusive of SPS, PPS, and SEI, and the different-viewpoint coded
bitstreams S(v) from the encoding apparatus of Fig. 16, where "v" denotes
an ID for each viewpoint, and v=0, 1, 2, ---. The decoding apparatus
decodes the coded bitstream inclusive of SPS, PPS, and SEI. Furthermore,
the decoding apparatus decodes the different-viewpoint coded bitstreams
S(v) into different-viewpoint decoded video sequences M(v)A.

The decoding apparatus of Fig. 19 includes a coded-bitstream
decoding section 601 and a decoding management section 602 instead of
the coded-bitstream decoding section 301 and the decoding management
section 302 (see Fig. 12) respectively. The decoding apparatus of Fig. 19
further includes a calculating section 612 provided between the
coded-bitstream decoding section 601 and the decoding management
section 602.

The coded-bitstream decoding section 601 decodes the coded
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bitstream inclusive of SPS, PPS, and SEI, and thereby recovers the
parameters about the whole of the view sequences, the parameters about
pictures, the parameters about supplemental enhancement information,
the number of the viewpoints, and the view dependencies. The
coded-bitstream decoding section 601 obtains information about the
number of viewpoints in the bitstream from "num_views_minusl1". It
should be noted that the value of "num_views_minus1" is equal to the
number of viewpoints minus 1. The coded-bitstream decoding section 601
obtains information about the view dependencies from
"num_anchor_refs_l0[i]", "anchor_ref_l0[i][j]", "num_anchor_refs_I1[i]",
"anchor_ref_11[i][j]", "num_non_anchor_refs_10[i]", "non_anchor_ref_lO[i][j]",
"num_non_anchor_refs 11[i]", and "non_anchor_ref_11[i][j]".

The coded-bitstream decoding section 601 feeds the decoding
management section 602 with the parameters about the whole of the view
sequences, the parameters about pictures, and the parameters about
supplemental enhancement information. The coded-bitstream decoding
section 601 feeds the calculating section 612 with the information about
the number of viewpoints and the information about the view dependencies.

The calculating section 612 detects a base viewpoint among the
viewpoints from the number of viewpoints and the view dependencies
notified by the coded-bitstream decoding section 601. Here, a base
viewpoint means a viewpoint corresponding to pictures encoded without
referring to decoded pictures in the other viewpoints for the
disparity-compensated prediction. The calculating section 612 computes
the view dependency counts for the respective viewpoints from the number
of viewpoints, the view dependencies, and the detected base viewpoint. It
should be noted that each of the view dependency counts for the non-base

viewpoints represents a desired delay of the decoding of coded pictures of
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the present non-base viewpoint relative to the decoding of coded pictures of
the base viewpoint.

A view dependency count for a viewpoint having an ID of "i" is
denoted by "view_dependency_count[i]", wherei= 0, 1, 2, ‘-, Imax (equal to
the number of viewpoints minus 1). In the case where the encoding of a
picture from a first viewpoint refers to a picture from a second viewpoint
different from the first viewpoint as a reference picture for
disparity-compensated prediction, the second viewpoint is called a
disparity-compensation reference viewpoint. The number of
disparity-compensation reference viewpoints is denoted by
"num_ref_viewsJ[i]", where "i" indicates a viewpoint ID andi=0, 1, 2, -,
Imax (equal to the number of viewpoints minus 1). A
disparity-compensation reference ID is denoted by "ref_view_id[i][k]", where
"i" indicates a viewpoint ID andi= 0, 1, 2, -, Imax (equal to the number of
viewpoints minus 1), and "k" identifies each of disparity-compensation
reference viewpoints for the viewpoint of interest and k=0, 1, 2, -, Kmax
(equal to the value of "num_ref views]i]" minus 1).

For each of the viewpoints, the calculating section 612 computes the
number of disparity-compensation reference viewpoints and the IDs of the
disparity-compensation reference viewpoints. Specifically, for each of the
viewpoints, the parameters "anchor_ref_10[i][j]", "anchor_ref_11[i][j]",
"non_anchor_ref_10[i]{j]", and "non_anchor_ref_11]i][j]" indicate the IDs of
viewpoints corresponding to pictures which are referred to as reference
pictures for motion-compensated prediction and disparity-compensated
prediction. The calculating section 612 derives the IDs of the
disparity-compensation reference viewpoints from these parameters.

In the case where the syntax elements take values of Fig. 18, the IDs

of disparity-compensation reference viewpoints and the number of the
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disparity-compensation reference viewpoints for each of the viewpoints are
equal to those in Fig. 20.

With reference to Figs. 18 and 20, regarding the viewpoint O,
"non_anchor_ref_l0[0][0]", "non_anchor_ref_10[0][1]",
"non_anchor_ref_11[0][0]", and "non_anchor_ref _11[0][1]" are "0". Thus, the
encoding of pictures from the viewpoint O refers to pictures from only the
viewpoint O as reference pictures for prediction. Accordingly, the
calculating section 612 concludes the viewpoint O to be a base viewpoint.
It should be noted that a base viewpoint means a viewpoint corresponding
to pictures encoded without referring to decoded pictures in the other
viewpoints for the disparity-compensated prediction. Therefore, regarding
the viewpoint O, the number of disparity-compensation reference
viewpoints is "0". As mentioned above, the calculating section 612 detects
a base viewpoint (the viewpoint 0) among the viewpoints from the
information about the number of the viewpoints and the information about
the view dependencies.

Regarding the viewpoint 1, "anchor_ref_10[1][0]",

"anchor_ref 11[1][1]", and "non_anchor_ref 10[1][1]" are "0", and
"anchor_ref 10[1][1]", "anchor_ref_11]{1][0]", and "non_anchor_ref 11[1][1]"
are "2" while "non_anchor_ref_10[1][0]" and "non_anchor_ref_11[1][0]" are "1".
For the viewpoint 1, the calculating section 612 derives the IDs of
disparity-compensation reference viewpoints from these parameters.

Since the parameters are equal to the above values, the calculating section
612 concludes that the number of disparity-compensation reference
viewpoints is "2", and the IDs of disparity-compensation reference
viewpoints are "0" and "2" ("num_ref_views[1]" is "2" and "ref_view_id[1][0]"
is "0", and "ref_view_id[1][1]" is "2"). Furthermore, the calculating section

612 concludes the viewpoint 1 to be different from a base viewpoint.
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Regarding each of the viewpoints 2-7, the calculating section 612
computes the number of disparity-compensation reference viewpoints and
the IDs of the disparity-compensation reference viewpoints, and decides
whether or not the present viewpoint is a base viewpoint in a way similar to
the above one.

The calculating section 612 sets a view dependency count for a base
viewpoint to "0". In Fig. 20, regarding only the viewpoint O, the number of
disparity-compensation reference viewpoints is "0". Thus, the viewpoint O
is a base viewpoint. Accordingly, the view dependency count for the
viewpoint O is set to "0" (only "view_dependency_count[0]" is "0"). Then, the
calculating section 612 computes the view dependency counts for the
respective viewpoints except the base viewpoint.

The computation of the view dependency counts is as follows. First,
the calculating section 612 initializes an index "i" to "0". The index "i"
denotes the ID of each viewpoint. Then, the calculating section 612
decides whether or not the view dependency count
"view_dependency_count[i]" for the present viewpoint has already been
computed.

When the view dependency count "view_dependency_count[i]" for
the present viewpoint has already been computed, the calculating section
612 increments the index "i" by "1".

On the other hand, in the case where the view dependency count
"view_dependency_count[i]" for the present viewpoint has not been
computed yet, the calculating section 612 implements the following
operation steps. First, the calculating section 612 initializes an index "k"
to "0". The index "k" identifies each of disparity-compensation reference
viewpoints for the present viewpoint. Second, the calculating section 612

decides whether or not the view dependency count
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"view_dependency_count(ref_view_id[i](k]]" for the instant
disparity-compensation reference viewpoint with respect to the present
viewpoint has already been computed. When the view dependency count
"view_dependency_count[ref_view_id[i][k]]" has not been computed yet, the
calculating section 612 concludes that the computation of the view
dependency counts for all the disparity-compensation reference viewpoints
with respect to the present viewpoint has not been completed yet. On the
other hand, when the view dependency count
"view_dependency_count[ref_view_id[i][k]]" has already been computed, the
calculating section 612 increments the index "k" by "1". Then, the
calculating section 612 compares the index "k" and the number of
disparity-compensation reference pictures for the present viewpoint
("num_ref_views[i]"). When the index "k" is equal to or greater than the
reference picture number "num_ref_views]i]", the calculating section 612
concludes that the computation of the view dependency counts for all the
disparity-compensation reference viewpoints with respect to the present
viewpoint has been completed. Otherwise, the calculating section 612
repeats the decision as to whether or not the view dependency count
"view_dependency_count[ref_view_id[i][k}]]" has already been computed, and
the subsequent operation steps.

After concluding that the computation of the view dependency
counts for all the disparity-compensation reference viewpoints with respect
to the present viewpoint has not been completed yet, the calculating section
612 increments the index "k" by "1".

On the other hand, after concluding that the computation of the
view dependency counts for all the disparity-compensation reference
viewpoints with respect to the present viewpoint has been completed, the

calculating section 612 implements the following operation steps. First,
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the calculating section 612 tentatively sets the view dependency count
"view_dependency_count[i]" for the present viewpoint to "1". Second, the
calculating section 612 initializes the index "k" to "0". Third, the
calculating section 612 compares the view dependency count
"view_dependency_countli]" for the present viewpoint and the view
dependency count "view_dependency_count[ref_view_id[i][k]] for the instant
disparity-compensation reference viewpoint with respect to the present
viewpoint. When the view dependency count "view_dependency_count(i]"
is equal to or smaller than the view dependency count
"view_dependency_count[ref_view_id[i][k]], the calculating section 612 sets
the view dependency count "view_dependency_countli]" equal to the view
dependency count "view_dependency_count|ref_view_id[i][k]] plus "1".
Then, the calculating section 612 increments the index "k" by "1". On the
other hand, when the view dependency count "view_dependency_count]i]" is
greater than the view dependency count
"view_dependency_count[ref_view_id[i][k]], the calculating section 612
increments the index "k" by "1". After incrementing the index "k" by "1",
the calculating section compares the index "k" and the number of
disparity-compensation reference pictures for the present viewpoint
("num_ref_views[i]"). When the index "k" is equal to or greater thén the
reference picture number "num_ref views|i]", the calculating section 612
implements a next operation step. Otherwise, the calculating section 612
repeats the comparison between the view dependency count
"view_dependency_count[i]" and the view dependency count
"view_dependency_count[ref_view_id[i][k]], and the subsequent operation
steps. Then, the calculating section 612 increments the index "i" by "1".
After incrementing the index "i" by "1", the calculating section 612

compares the index "i" and the number of viewpoints minus 1
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('mum_views_minusl"). In the case where the index "i" is greater than the
number of viewpoints minus 1 "num_views_minusl", the calculating
section 612 decides whether or not the computation of the view dependency
counts for all the viewpoints has been completed. When the computation
of the view dependency counts has been completed, the calculating section
612 terminates the signal processing to compute the view dependency
counts for the respective viewpoints with respect to the present viewpoint.
Otherwise, the calculating section 612 repeats initializing the index "i" to "0"
and the subsequent operation steps. On the other hand, in the case where
the index "i" is equal to or smaller than the number of viewpoints minus 1
"num_views_minusl", the calculating section 612 repeats the decision as to
whether or not the view dependency count "view_dependency_count][i]" for
the present viewpoint has already been computed, and the subsequent
operation steps.

In this way, the calculating section 612 decides whether or not each
of the viewpoints is a base viewpoint. Furthermore, the calculating section
612 sets the view dependency count for the base viewpoint to "0", and
computes the view dependency counts for the respective viewpoints except
the base viewpoint. The calculating section 612 feeds the decoding
management section 602 with information representing whether or not
each of the viewpoints is a base viewpoint, and information representing the
view dependency counts for the respective viewpoints. The decoding
management section 602 operates in response to the view dependency
counts for the respective viewpoints as the decoding management section
302 in Fig. 12 does. Operation of a combination of the decoding
management section 602, the coded-bitstream decoding sections 301, 303,
306, and 309, the buffers 304, 307, and 310, and the picture decoding

sections 305, 308, and 311 in Fig. 19 is similar to that of a combination of
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the decoding management section 302, the coded-bitstream decoding
sections 301, 303, 306, and 309, the buffers 304, 307, and 310, and the
picture decoding sections 305, 308, and 311 in Fig. 12.

The calculating section 612 may not feed the decoding management
section 602 with information representing whether or not each of the
viewpoints is a base viewpoint. In this case, the decoding management
section 602 checks whether or not each of the view dependency counts for
the respective viewpoints is "0". Then, the decoding management section
602 decides that a viewpoint corresponding to a view dependency count of
"0" is a base viewpoint, and that each viewpoint corresponding to a view
dependency count different from "0" is not a base viewpoint.

As previously mentioned, the encoding apparatus encodes the
number of the viewpoints and the view dependencies (the reference
dependencies) before transmitting the coded version thereof to the decoding
apparatus. The decoding apparatus decodes the coded number of
viewpoints and the coded view dependencies. The decoding apparatus
computes the view dependency counts for the respective viewpoints from
the decoded number of viewpoints and the decoded view dependencies.
The encoding apparatus transmits the coded bitstreams of the respective
viewpoints to the decoding apparatus. The decoding apparatus decodes
the coded bitstreams in real time on a parallel processing basis. The
decoding apparatus derives desired delays of the start of decoding the coded
bitstreams from the computed view dependency counts. The decoding
apparatus starts decoding the coded bitstreams at timings accorded with
the desired delays so that the picture-based synchronization among the
coded bitstreams can be acquired. Therefore, the decoding of a coded
picture of a viewpoint to generate a reference picture is surely completed

before the start of the decoding of a coded picture of another viewpoint
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which uses the reference picture in disparity-compensated prediction.

Seventh Embodiment

A multi-view video decoding apparatus in a seventh embodiment of
this invention is similar to that of Fig. 14 except for design changes
mentioned hereafter. The decoding apparatus in the seventh embodiment
of this invention is similar in operation to that of Fig. 19.

Fig. 21 is a flowchart of a segment of the control program for the CPU
20B and a segment of the control program for each of the processors PR(0),
PR(1), and PR(2) in the decoding apparatus of the seventh embodiment of
this invention. The flowchart in Fig. 21 is a modification of the flowchart in
Fig. 15.

With reference to Fig. 21, the segment of the control program for the
CPU 20B has steps S301 and S302. The segment of the control program
for each of the processors PR(0), PR(1), and PR(2) is similar to that in Fig. 15,
and has the loop points and the steps S202-S220.

As shown in Fig. 21, the step S301 in the segment of the control
program for the CPU 20B decodes the coded bitstream inclusive of SPS, PPS,
and SEI, thereby recovering the parameters about the whole of the video
sequences, the parameters about pictures, the parameters about
supplemental enhancement information, the number of the viewpoints, and
the view dependencies (the reference dependencies).

The step S302 follows the step S301. The step S302 detects a base
viewpoint among the viewpoints from the number of viewpoints and the
view dependencies obtained by the step S301. The step S302 computes
the view dependency counts for the respective viewpoints from the number
of viewpoints, the view dependencies, and the detected base viewpoint.

The step S302 is followed by a step for starting the control programs

for the processors PR(0), PR(1), and PR(2). These control programs are
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designed to control the processors PR(0), PR(1), and PR(2) to decode the
coded bitstreams S(0), S(1), and S(2) into the decoded video sequences
M(0)A, M(1)A, and M(2)A in real time on a parallel processing basis. After
the step S302 in the control program for the CPU 20B is executed, each of
the control programs for the processors PR(0), PR(1), and PR(2) reaches a
step S204 through the loop points S202 and S203. The view dependency
counts for the respective viewpoints which are computed by the step S302
are used by the control programs for the processors PR(0), PR(1), and PR(2).

As shown in Fig. 22, the step S302 has a sequence of steps S401,
S402, and S403. For each of the viewpoints, the step S401 computes the
number of disparity-compensation reference viewpoints and the IDs of the
disparity-compensation reference viewpoints. Specifically, for each of the
viewpoints, the parameters "anchor_ref_l0[i][j]", "anchor_ref_11[i][j]",
"non_anchor_ref_10[i][j]", and "non_anchor_ref_l1[i][j]" indicate the IDs of
viewpoints corresponding to pictures which are referred to as reference
pictures for motion-compensated prediction and disparity-compensated
prediction. The step S401 derives the IDs of the disparity-compensation
reference viewpoints from these parameters. The step S401 counts the
derived IDs to detect the number of the disparity-compensation reference
viewpoints.

The step S402 following the step S401 detects, among the
viewpoints, one for which the number of the disparity-compensation
reference viewpoints is "O". The step S402 labels the detected viewpoint as
the base viewpoint. The step S402 sets the view dependency count for the
base viewpoint to "0".

The step S403 subsequent to the step S402 computes the view
dependency counts for the respective viewpoints except the base viewpoint.

As shown in Fig. 23, the step S403 includes steps starting from a
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step S501. The step S501 initializes an index "i" to "0". The index "i"
denotes the ID of each viewpoint. After the step S501, the program
advances to a step S502.

The step S502 decides whether or not the view dependency count
"view_dependency_count[i]" for the present viewpoint has already been
computed. When the view dependency count "view_dependency_count]i]"
has already been computed, the program advances from the step S502 to a
step S506. Otherwise, the program advances from the step S502 to a step
SS503.

As shown in Fig. 24, the step S503 includes steps starting from a
step S601. The step S601 initializes an index "k" to "0". The index "k"
identifies each of disparity-compensation reference viewpoints for the
present viewpoint. After the step S601, the program advances to a step
S602.

The step S602 decides whether or not the view dependency count
"view_dependency_count|ref_view_id[i][K]]" for the instant
disparity-compensation reference viewpoint with respect to the present
viewpoint has already been computed. When the view dependency count
"view_dependency_count[ref_view_id[i][k]]" has already been computed, the
program advances from the step S602 to a step S603. Otherwise, the
program advances from the step S602 to a step S606.

The step S606 concludes that the computation of the view
dependency counts for all the disparity-compensation reference viewpoints
with respect to the present viewpoint has not been completed yet. After the
step S606, the program advances to a step S504 in Fig. 23.

The step S603 increments the index "k" by "1". A step S604
following the step S603 compares the index "k" and the number of

disparity-compensation reference pictures for the present viewpoint
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("num_ref_views[i]"). When the index "k" is equal to or greater than the
reference picture number "num_ref_viewsJ[i]", the program advances from
the step S604 to a step S605. Otherwise, the program returns from the
step S604 to the step S602.

The step S605 concludes that the computation of the view
dependency counts for all the disparity-compensation reference viewpoints
with respect to the present viewpoint has been completed. After the step
S605, the program advances to the step S504 in Fig. 23.

With reference back to Fig. 23, the step S504 checks whether or not
the computation of the view dependency counts for all the
disparity-compensation reference viewpoints with respect to the present
viewpoint has been completed by referring the result of the conclusion by
the step S503. When the computation of the view dependency counts has
been completed, the program advances from the step S504 to a step S505.
Otherwise, the program advances from the step S504 to the step S506.

As shown in Fig. 25, the step S505 includes steps starting from a
step S701. The step S701 tentatively sets the view dependency count
"view_dependency_count[i]" for the present viewpoint to "1".

A step S702 following the step S701 initializes the index "k" to "0".
After the step S702, the program advances to a step S703.

The step S703 compares the view dependency count
"view_dependency_count]i]" for the present viewpoint and the view
dependency count "view_dependency_count[ref_view_id[i][k]] for the instant
disparity-compensation reference viewpoint with respect to the present
viewpoint. When the view dependency count "view_dependency_countfi]"
is equal to or smaller than the view dependency count
"view_dependency_count[ref_view_id[i]{k]], the program advances from the

step S703 to a step S704. Otherwise, the program advances from the step
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S703 to a step S705.

The step S704 sets the view dependency count
"view_dependency_count[i]" equal to the view dependency count
"view_dependency_count[ref_view_id[i][k]] plus "1". After the step S704,
the program advances to the step S705.

The step S705 increments the index "k" by "1". A step S706
following the step S705 compares the index "k" and the number of
disparity-compensation reference pictures for the present viewpoint
("num_ref_viewsJ[i]"). When the index "k" is equal to or greater than the
reference picture number "num_ref_views[i]", the program advances from
the step S706 to the step S506 in Fig. 23. Otherwise, the program returns
from the step S706 to the step S703.

With reference back to Fig. 23, the step S506 increments the index
"i" by "1". A step S507 subsequent to the step S506 compares the index "i"
and the number of the viewpoints minus 1 ("num_views_minusl"). When
the index "i" is greater than the number of Vie.wpoints minus 1
"num_views_minusl", the program advances from the step S507 to a step
S509. Otherwise, the program returns from the step S507 to the step
S502.

The step S509 decides whether or not the computation of the view
dependency counts for all the viewpoints has been completed. When the
computation of the view dependency counts has been completed, the
operation of the step S403 ends. Otherwise, the program returns from the
step S509 to the step S501.

Eighth Embodiment

An eighth embodiment of this invention is similar to one of the first
to seventh embodiments thereof except for the following design change.

The video sequences M(v) include actual and virtual ones. An
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actual video sequence means a video sequence actually generated by a
video camera corresponding to a viewpoint. A virtual video sequence
means a video sequence generated by virtually taking pictures from a
viewpoint. For example, a virtual video sequence is generated from actual
video sequences of different viewpoints through interpolation, or generated
from an actual video sequence through conversion.

It should be noted that all the video sequences M(v) may be virtual
ones.

Ninth Embodiment

A ninth embodiment of this invention is similar to one of the first to
seventh embodiments thereof except that the video sequences M(v)
represent pictures generated by computer graphics.

Tenth Embodiment

A tenth embodiment of this invention is similar to the first to seventh
embodiments thereof except for design changes mentioned hereafter. The
tenth embodiment of this invention relates to one of a transmission system,
a storage system, and a receiving system which implement the encoding
and decoding of multi-view video.

Eleventh Embodiment

An eleventh embodiment of this invention is similar to one of the
second, fourth, and seventh embodiments thereof except for design changes
mentioned hereafter. According to the eleventh embodiment of this
invention, the computer programs (the control programs for the computer
systems 10 and 20) are originally stored in a computer-readable recording
medium or mediums. The computer programs are installed on the
computer systems 10 and 20 from the recording medium or mediums.

Alternatively, the computer programs may be downloaded into the

computer systems 10 and 20 from a server through a wire or wireless
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communication network. The computer programs may be provided as
data transmitted by digital terrestrial broadcasting or digital satellite

broadcasting.
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WHAT IS CLAIMED I8S:

1. A method of encoding a multi-view video signal including picture
signals corresponding to different viewpoints respectively, the method
comprising the steps of:

designating at least one among the viewpoints as a base viewpoint,
the base viewpoint corresponding to a picture signal which is encoded
without referring to at least one picture signal corresponding to one of the
viewpoints except the base viewpoint;

determining a desired delay time of the start of decoding a coded
signal originating from each of the picture signals corresponding to the
viewpoints except the base viewpoint relative to the start of decoding a
coded signal originating from the picture signal corresponding to the base
viewpoint, and generating information representing the determined delay
time; and

encoding the generated information.

2. An apparatus for decoding a coded multi-view video signal including
coded signals resulting from encoding picture signals corresponding to
different viewpoints respectively, wherein at least one among the viewpoints
is designated as a base viewpoint, the base viewpoint corresponding to a
picture signal which is encoded without referring to at least one picture
signal corresponding to one of the viewpoints except the base viewpoint,
and wherein the coded multi-view video signal contains coded information
representing a desired delay time of the start of decoding a coded signal
originating from each of the picture signals corresponding to the viewpoints
except the base viewpoint relative to the start of decoding a coded signal

originating from the picture signal corresponding to the base viewpoint, the
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apparatus comprising:

first means for decoding the coded information in the coded
multi-view video signal to recover the desired delay times for the coded
signals originating from the picture signals corresponding to the viewpoints
except the base viewpoint;

second means for decoding the coded signal originating from the
picture signal corresponding to the base viewpoint;

third means for decoding the coded signals originating from the
picture signals corresponding to the viewpoints except the base viewpoint;
and

fourth means for delaying the decoding of the coded signals by the
third means relative to the decoding of the coded signal by the second
means by time intervals equal to the desired delay times recovered by the

first means.

3. A method of decoding a coded multi-view video signal including
coded signals resulting from encoding picture signals corresponding to
different viewpoints respectively, wherein at least one among the viewpoints
is designated as a base viewpoint, the base viewpoint corresponding to a
picture signal which is encoded without referring to at least one picture
signal corresponding to one of the viewpoints except the base viewpoint,
and wherein the coded multi-view video signal contains coded information
representing a desired delay time of the start of decoding a coded signal
originating from each of the picture signals corresponding to the viewpoints
except the base viewpoint relative to the start of decoding a coded signal
originating from the picture signal corresponding to the base viewpoint, the
method comprising the steps of:

decoding the coded information in the coded multi-view video signal
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to recover the desired delay times for the coded signals originating from the
picture signals corresponding to the viewpoints except the base viewpoint;

decoding the coded signal originating from the picture signal
corresponding to the base viewpoint;

decoding the coded signals originating from the picture signals
corresponding to the viewpoints except the base viewpoint; and

delaying the decoding of the coded signals originating from the
picture signals corresponding to the viewpoints except the base viewpoint
relative to the decoding of the coded signal originating from the picture
signal corresponding to the base viewpoint by time intervals equal to the

recovered desired delay times.

4. A computer program stored in a computer readable medium for
decoding a coded multi-view video signal including coded signals resulting
from encoding picture signals corresponding to different viewpoints
respectively, wherein at least one among the viewpoints is designated as a
base viewpoint, the base viewpoint corresponding to a picture signal which
is encoded without referring to at least one picture signal corresponding to
one of the viewpoints except the base viewpoint, and wherein the coded
multi-view video signal contains coded information representing a desired
delay time of the start of decoding a coded signal originating from each of
the picture signals corresponding to the viewpoints except the base
viewpoint relative to the start of decoding a coded signal originating from
the picture signal corresponding to the base viewpoint, the computer
program comprising the steps of:

decoding the coded information in the coded multi-view video signal
to recover the desired delay times for the coded signals originating from the

picture signals corresponding to the viewpoints except the base viewpoint;
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decoding the coded signal originating from the picture signal
corresponding to the base viewpoint;

decoding the coded signals originating from the picture signals
corresponding to the viewpoints except the base viewpoint; and

delaying the decoding of the coded signals originating from the
picture signals corresponding to the viewpoints except the base viewpoint
relative to the decoding of the coded signal originating from the picture
signal corresponding to the base viewpoint by time intervals equal to the

recovered desired delay times.

5. A method of decoding a coded multi-view video signal including
coded signals resulting from encoding picture signals corresponding to
different viewpoints respectively, wherein at least one among the viewpoints
is designated as a base viewpoint, the base viewpoint corresponding to a
picture signal which is encoded without referring to at least one picture
signal corresponding to one of the viewpoints except the base viewpoint,
and wherein the coded multi-view video signal contains coded information
about view dependencies representing which of the picture signals are
referred to as reference signals for the encoding of each of the picture
signals, the method comprising the steps of:

decoding the coded information in the coded multi-view video signal
to recover the view dependencies;

computing a desired delay time of the start of decoding a coded
signal originating from each of the picture signals corresponding to the
viewpoints except the base viewpoint relative to the start of decoding a
coded signal originating from the picture signal corresponding to the base
viewpoint in response to the recovered view dependencies;

decoding the coded signal originating from the picture signal
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corresponding to the base viewpoint;

decoding the coded signals originating from the picture signals
corresponding to the viewpoints except the base viewpoint; and

delaying the decoding of the coded signals originating from the
picture signals corresponding to the viewpoints except the base viewpoint
relative to the decoding of the coded signal originating from the picture
signal corresponding to the base viewpoint by time intervals equal to the

computed desired delay times.
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ABSTRACT OF THE DISCLOSURE

A multi-view video signal is encoded. The multi-view video signal
includes picture signals corresponding to different viewpoints respectively.
One among the viewpoints is designated as a base viewpoint. The base
viewpoint corresponds to a picture signal which is encoded without
referring to at least one picture signal corresponding to one of the
viewpoints except the base viewpoint. There is determined a desired delay
time of the start of decoding a coded signal originating from each of the
picture signals corresponding to the viewpoints except the base viewpoint
relative to the start of decoding a coded signal originating from the picture
signal corresponding to the base viewpoint. Information representing the
determined delay time is generated. Then, the generated information is

encoded.
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FIG. 4
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.seq _ parameter_set_mvc_extension () { BIT LENGTH
: : INTEGER WITHOUT SIGN
num_views_minus1 EXPONENTIAL GOLOMB CODE
for (i=0;i<=num_views_minus1; i++){

: INTEGER WITHOUT SIGN
num_anchor_refs_I0[i] EXPONENTIAL GOLOMB CODE
for (j=0;j<num_anchor_refs_|0[i]; j++)

o INTEGER WITHOUT SIGN
anchor_ref_I0[i][}] EXPONENTIAL GOLOMB CODE

: INTEGER WITHOUT SIGN
num_anchor_refs_{1[i] EXPONENTIAL GOLOMB CODE
for (j=0;j<num_anchor_refs_I1[i]; j++)

e INTEGER WITHOUT SIGN
anchor_ref_I1[i][] EXPONENTIAL GOLOMB CODE
1
for (i=0;i<=num_views_minus1; i++){

| : INTEGER WITHOUT SIGN
num_anchor_refs_l0[i] EXPONENTIAL GOLOMB CODE
for (j=0; j<num_anchor_refs_I0[i]; j++)

o INTEGER WITHOUT SIGN
non_anchor_ref_IO[i]{j] EXPONENTIAL GOLOMB CODE
num_non_anchor_refs_I[i] Exg\gﬁgﬁ-ﬁ )ﬁ 'gé?glﬂg'gg% ‘
for (i=0;j<num_non_anchor_refs_I1[i]; j++)

- INTEGER WITHOUT SIGN
non_anchor_ref_I1{i][j] EXPONENTIAL GOLOMB CODE

}
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VHTRUS 1/,

U.S.A.
DECLARATION FOR UTILITY OR DESIGN APPLICATION (37 CFR 1.63) and

POWER OF ATTORNEY
Attorney Ref. No. o} 24/008’1

As a below-named inventor, | hereby declare that each inventor’s residence, mail address and citizenship are as stated below next to their
name. | believe the inventor(s) named below to be the original, first and sole inventor (if only one name is listed below) or the original, first
and joint inventors (if plural names are listed below) of the subject matter which is claimed and for which a patent is sought on the invention
entited METHOD AND APPARATUS FOR ENCODING AND DECODING MULTI-VIEW VIDEO SIGNAL, AND RELATED COMPUTER

PROGRAMS, the specification of which

(Check X is attached hereto.
one) O was filed on as Application Serial No.
and was amended on (if applicable).

| hereby state that | have reviewed and understand the contents of the above-identified specification, including the claims, as amended by
any amendment specifically referred to above, and acknowledge the duty to disclose information which is material to the patentability as
defined in 37 CFR 1.56, including for continuation-in-part applications, material information which became available between the filing
date of the prior application and the national or PCT international filing date of the continuation-in-part application.

| hereby claim foreign priority benefits under 35 U.S.C. 119 (a)-(d) or (f), or 365(b) of any foreign application(s) for patent, inventor's or
plant breeder’s rights certificate(s), or 365(a) of any PCT international application which designated at least one country other than United
States of America, listed below and have also identified below, by checking the box, any foreign application for patent, inventor's or plant
breeder’s rights certificate(s), or any PCT international application having a filing date before that of the application on which priority is
claimed.

FOREIGN APPLICATION(S), IF ANY, REFERRED TO ABOVE

APPLICATION NUMBER COUNTRY FILING DATE PRIORITY CERTIFIED COPY ATTACHED
CLAIMED
2006-279364 Japan October 13, 2006 YES YES _ O NO_[®
2006-354878 Japan December 28, 2006 YES YES O NO_X
YES O NO_O

| hereby claim benefit under 35 U.S.C. 120 of any U.S. application(s) listed below.

APPLICATION SERIAL NUMBER DATE STATUS

| hereby appoint Louis Woo, RN 31,730, Conrad Clark, RN 30,340 and Christopher Brody, RN 33,613 as my/our attorneys with full power
of substitution and revocation, to prosecute the application identified above and to transact all business in the United States Patent and
Trademark Office connected therewith.

Direct all correspondence to the address associated with Customer Number 021395

LAW OFFICES OF LOUIS WOO, 717 North Fayette Street, Alexandria, Virginia 22314
Telephone: (703) 299-4090 :

| hereby declare that all statements made herein of my own knowiedge are true and that all statements made on information and belief are
believed to be true; and further that these statements were made with knowledge that wiliful false statements and the like so made are
punishable by fine, imprisonment, or both, under 18 U.S.C. 1001 and that such wiliful false statements may jeopardize the validity of the
application or any patent issuing thereon.

Note:  Please sign one full given name and your surname, using initials where appropriate for other names.
1, Full name of inventor Hiroya Nakamura Date: S€ prember 2 6, 2007

Inventor's signature /7 1O %W/
Residence Kanagawa-ken, Japan
Mail Address VICTOR COMPANY OF JAPAN LIMITED
12, 3-chome, Moriya-cho, Kanagawa-ku, Yokohama-shi, Kanagawa-ken, Japan
Citizenship Japanese
X Additional inventor(s) listed
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w

ADDED PAGE TO COMBINED DECLARATION AND POWER OF ATTORNEY
FOR SIGNATURE BY SECOND AND SUBSEQUENT INVENTORS

Full name of inventor
Inventor's signature

Date:

VHTRUS 2/,

Atty Ref. No. 0)a¢4
08|

September 26, 2007

Nt Usda

Residence Kanagawa-ken, Japan

Mail Address VICTOR COMPANY OF JAPAN LIMITED

12, 3-chome, Moriya-cho, Kanagawa-ku, Yokohama-shi, Kanagawa-ken, Japan
Citizenship Japanese

Full name of inventor
Inventor's signature

Date:

Residence
Mail Address
Citizenship

Full name of inventor
Inventor's signature

Date:

Residence
Mait Address
Citizenship

Full name of inventor
Inventor's signature

Date:

Residence
Mail Address
Citizenship

Full name of inventor
Inventor's signature

Date:

Residence
Mail Address
Citizenship

Full name of inventor
Inventor's signature

Date:

Residence
Mail Address
Citizenship
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
In re Application of:

Hiroya NAKAMURA et al.

Serial No. Art Unit:
Filed: October 10, 2007 Examiner:
For: METHOD AND APPARATUS FOR Atty Docket: 0124/0081

ENCODING AND DECODING
MULTI-VIEW VIDEO SIGNAL,
AND RELATED COMPUTER
PROGRAMS

APPLICATION DATA SHEET (37 CFR § 1.76)

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

BIBLIOGRAPHIC DATA

1. Applicant Information:

Applicant: Hiroya Nakamura
Citizenship: Japanese

Residence: Kanagawa-ken, Japan
Applicant: Motoharu Ueda
Citizenship: Japanese

Residence: Kanagawa-ken, Japan

2. Correspondence for this application should be addressed as follows:
Louis Woo
Law Office of Louis Woo
717 North Fayette Street
Alexandria, Virginia 22314

® Customer No.: 021395
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3. Application information:

Title of Invention: METHOD AND APPARATUS FOR ENCODING AND
DECODING MULTI-VIEW VIDEO SIGNAL, AND
RELATED COMPUTER PROGRAMS
Docket number assigned to this application: 0124/0081
Suggested Classification: Class:
Subclass:
Technology Center:

Total number of drawing sheets: 23
Type of application: Utility - to be published
Suggested figure for publication:

4. Representative information:
The following has a power of attorney or authorization of agent in this application:
Louis Woo, Reg. No. 31,730
Law Office of Louis Woo
717 North Fayette Street
Alexandria, Virginia 22314
Customer No.: 021395
5. Domestic Priority Information:
0 Domestic priority is claimed for this application per the following:
o 35 U.S.C. § 120: Application No.:
Filed:
Status:
Relationship:
6. Foreign Priority Information

® Foreign priority is claimed for this application as follows:

Japanese Patent Application No. 2006-279364 filed October 13, 2006
Japanese Patent Application No. 2006-354878 filed December 28, 2006

2 (Atty Docket: 0124/0081)
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7. Assignee Information

The assignee of this application is: Victor Company of Japan, Ltd.

3-12, Moriya-cho, Kanagawa-ku
Yokohama 221-0022 Japan

Extent of interest of assignee in application: Entire right, title and interest

Reg. No. 31,730 ;——-* -

Louis Woo

Law Office of Louis Woo
717 North Fayette Street
Alexandria, VA 22314

Phone: (703) 299-4090

Customer No. 021395

(Atty Docket: 0124/0081)
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uired to respond to a collection of information unless it displays a valid OMB control number.

U.S. PTO
11/907188
10/10/2007 PTO/SB/OS (04-05)

Approved for use through 07/31/2006. OMB 0651-0032
0.8 Patedt atd Trademark Office. U.S. DEPARTMENT OF COMMERCE

0124/0081

See 37 CFR 1.27.
Specification [Total Pages 93 ]

Both the claims and abstract must start on a new page
(For information on the preferred arrangement, see MPEP 608.01(a))

Drawing(s) (35 U.S.C. 113)

3.4
4[]

[Total Sheets 23 ]

5. Oath or Declaration [Total Sheets 2 ]
a. Newly executed (original or copy)
b. { ] A copy from a prior application (37 CFR 1.63(d))
for continuation/divisional with Box 18 completed)

i DELETION OF INVENTOR(S)
Signed statement attached deleting inventor(s)
name in the prior application, see 37 CFR
1.83(d)(2) and 1.33(b).

6. Application Data Sheet. See 37 CFR 1.76

7. D CD-ROM or CD-R in duplicate, large table or

Tﬂputer Program (Appendix)
Landscape Table on CD

8. Nucleotide and/or Amino Acid Sequence Submission
(if applicable, items a. - c. are required)
a. [:I Computer Readable Form (CRF)
b. Specification Sequence Listing on:

. D CD-ROM or CD-R (2 copies); or
ii. [:] Paper

C. [:j Statements verifying identity of above copies

U T | L | TY Attorney Docket No.
PATENT APPLICATION Firstnventor Hiroya NAKAMURA et o
TRANSMITTAL Title Method and Apparatus for Encoding
(Only for new nonprovisional applications under 37 CFR 1.53(b)) Express Mail Label No. )
Commissioner for Patents
APPLICATION ELEMENTS ADDRESS TO: P.0. Box 1450
See MPEP chapter 600 concerning utility patent application contents. Alexandria VA 22313-1450
1.[Z] Fee Transmittal Form (e.g., PTO/SB/17) ACCOMPANYING APPLICATION PARTS
(Submit an original and a duplicate for fee processing)
2. I:] Applicant claims small entity status.

9. Assignment Papers (cover sheet & document(s))

Name of Assignee__Victor Company of Japan, Ltd.

10. [] 37 CFR 3.73(b) Statement
(when there is an assignee)

Power of
Attorney

11. L__] English Translation Document (if applicable)

12.[7] InfoEﬁtlon Disclosure Statement (PTO/SB/08 or PTO-1449)
Copies of citations attached

13. D Preliminary Amendment

14. - [v] Return Receipt Postcard (MPEP 503)
(Should be specifically itemized)

15. [ ] Certified Copy of Priority Document(s)
(if foreign priority is claimed)

16. |:| Nonpublication Request under 35 U.S.C. 122(b)(2)(B)(i).
Applicant must attach form PTO/SB/35 or equivalent.

17. D Other:

D Divisional

Examiner

D Continuation

18. If a CONTINUING APPLICATION, check appropriate box, and supply the requisite information below and in the first sentence of the
specification following the title, or in an Application Data Sheet under 37 CFR 1.76:

D Continuation-in-part (CIP)

of prior application No.:

Art Unit:

Prior application information:

19. CORRESPONDENCE ADDRESS

The address associated with Customer Number: 021395 OR D Correspondence address below

Name Law Office of Louis Woo

Address 717 N Fayette Street

City Alexandria I State VA Zip Code | 22314

Country us Telephone | 703.299-4080 Email

Signature - . —~ Date | October 10, 2007

Name : Registration No.

PrintType) Louis Woo (Attorney/Aqent) 31,730 )

This collection of information is required by 37 CFR 1.53(b). The information is required to obtain or retain a benefit by the public which is to file (and by the
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to
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PATENT ABSTRACTS OF JAPAN

(11)Publication number : 61-144191
(43)Date of publication of application : 01.07.1986

(51)Int.Cl. ' “HO4N 13/00 -
(él)Application number : 59—265793 ' (71)Applicant : NIPPON HOSO KYOKAI <NHK>
(22)Date of filing : - 17.12.1984 . (72)Inventor : YUYAMA ICHIRO

C

(54) TRANSMITTING SYSTEM OF STEREOSCOPIC TELEVISION PICTURE
(57)Abstract: : . ’

PURPOSE: To make largely compression of stereoscopic television picture signals by
transmitting difference signals between data compressed right and left pictures and
positional deviation amount between a picture and right and left pictures.
CONSTITUTION: An object is photographed by two cameras and a left picture and a
right picture are obtained. These pictures are divided into plural small areas. The right
picture (a) in one of these small areas is shifted and difference from the left picture (b)
in the same area is made minimum. The right picture (a) is shifted by deflection vector
(c) and a picture (d) is obtained. The difference between the picture (d) and left picture
(b) is taken and a right/left difference signal (e) is obtained. As the difference between
the picture (d) and left picture (b) is minimized, the right/left difference signal (e)

becomes a level close to zero in most areas, and large compression of data quantity
can be made. :

LEGAL STATUS
[Date of request for examination) 4
[Date of sending the examiner's decision of rejection]

[Kind of final disposal of application other than the examiner's
decision of rejection or application converted registration]

[Date of final disposal for application]

[Patent number] .
"[Date of registration] . .
[Number of appeal against examiner's decision of rejéction]

[Date of requesting appeal against examiner's decision of
rejection] - - : : N :

. [Date of extinction of right]

275



@B FEHIHFUP) © % 5B L
o AMIBHEAH (A MEE1-144191

@Int.Cl.*  mEEE  AAREES @748 FBRI6IE(1986)7 A 18
H 04 N 13/00 6668—5C :

FENK KR RV 1 (27?)

QRHENEH  wrLeya VEREEHA

% FR PB59—265798
@ B FE59(1984)128178

@% B &% & W — B RRRHESKES1TEIENS BARSBEBSEN
. AR

Ot A B F K BB PR EEWHE2TRE2ELS

B B A H#E: R BF H14E

w. & 8 . kMbh. FREGABOERKESD LTHLO
LREOESK  LHFPLEDII EREEBR  Thi. “
LHKEMRORE ) _ , (xEOHF) N
L m4FLesavEABAKERTICSH xR, ThKFLEII ERBBOGERICHEL
kD, BRKFVEPIYEBROEEERY TR, EERERBBILEOIIABGEETH -
FANPhAR@OIABACAHL, EDO AR Rbihb, COBRB, BREKHB>FvEIay
RSP D —FOE@E, TN EREEE BRDIBOGARYBRLETAIRABRH O,
EHGTAMLERCH 5 ARAOBIOE  TRAIKFVC I Y EREBONOGETRK
RroSMANSI(NDHLIC, ME—TF LT, 154 v HICASRY Y T AALER,
NERKWUBLT, HE-FOTBLNEM EEANEHE@OBHICL D EOATVHE LT,
FOBRLOMOURABRE RS, &K EOBOMLEBRLAEATOSRANETBAL
MELCRERABBCLIRBLENE-  nBHHESS - 111811828 [EMNES
FOERLMEMFOGRLOBEALRD K| OAESKARIATL,
CtoEBRLTF—SERL. BT~ 2EMR LD BRKIBLESA Y BKEBIAALE
Thio2@B, HE-FoE@ L. R 31bm»{194y59777pﬂtutu.
RABRERLTBILXGEETHC LAS K94 7battotBEATeBOEMENI
Rrtrathrvevav@RERFR, = NN@BLSih, dbKk, BrBaNCLEaEERL
8RGO MM EEADTEWEHBLE, EAATCLIARE

(R EOHASH)
ERYRXKFILE S Y ERABBDODERTFT R

Wi EERECBFEL,. EN /5L m@ani
EGBRTREBKRI-BLDLHAVTRR, EHERK

—539—

276



L 1

a'ﬁwnomﬂo'v_é_(ru\cama‘ E&RIC\
BRBSAYFEAOBDLABY T OTLEHE®
KBHCLNTES (HALRIBOOFY b
B, EEROBERF+ SN, EEAB
KHTHIBRAORANIRRBMICHASTET
RAAEOBOMARO 22T RENRSH O,

EHKZDHFRKIDLESEIERLALL S 12
rvHRTIZ,
B, xABKODVWITEEROESLEITRTH
HRONBRODVTEBANBELEIFTTHTH 5,

ROTHIEROB T IR DO BEERTEE 1 5y

TREHbKEZODERTRIAYORBTSELAED
bbtiﬂtﬁifbrbt!bvﬁﬂtu¥f
¥VMTtLt5.
(ﬁ%bﬂ&bx5thMﬂA)
uxm*&momrtﬁ«nza<.chtt
ﬂn#rve)s/iaméoﬁﬁrn = &
CHRRABOLHOERRBRARL B LD 20,
-mumno%amxﬁmu RHBLRETHMN 2
TELTLES KABS D%,

(=R . ‘
ARUTREDR, EBCHSTEI 22987

(E&®, £ER)KHL, BNKIKTOTa

”/;9ﬂtﬁnomu G1°/!§KEtiﬂ
.o&na<ﬂsr)tm».cnmﬂirsﬁu
(LLAREB@) Y ABLA®. 5E@ (6L
(REBQ) LOBBILND, COBABLAD
BN AEBD (LLAREER) WAL L b
CERTHZLRINHBERRCERTH L L
b, SMAUNEHRINTWRVWEER (b L <
REER) K RBATRACAET S, £0L S
KLUTERA B RAORAKDBT 500
BEUEBIBECRT LI R B ke T3,
EXIUVEBERRBIBOCRT LD, +
bbb ABKOVWIRELTEB LOCRA ALY
DL O0W.DEDXSKKE—FKLIRAbALs
BEobD, TLBADLIKELD @B 2

BRI AESBACH . RARTREDES
ABRYBBTACESTHIDOLI KB E -

X707 2L, 78y IOV CELETGR M

ETHRETETERLOETO X 5

#mMeI61-144191 (2)

(MBAYBRT B HOES)

XL TERBOEBNN, BYLELANEOE R
KXH, BABLELETIRBICAXYGEE L,
RBMTRIAYRARZID AV HERE LT
BETII®RTI LYV a v BRGEFT XL B &t ¥
AtTsb0TH 5,

THEbLERALKTFVEC I3 > ERAERH R
B, TPV DI FRBRYGEET DS -
. BMIKF VI ERDELEER K LAY
hYEBOLERC DN, TOIERICEH B
~BFOBRE, EONFERLLEHLHETS5E L
URKHLZAAROBEIOER O BB S 2 2

KLEBIIK. ME—F0ERL WS L CHE—

FOBRLMNEVMFOERLEOMOC R WS ¥ %
RO, GIERCLCBURRABRCL V@B L
EHE—SO0TRLNRBIOER:OBEE %
ROTCEDNDEBBEF—2ERL, BF - 2ER
ANRBUBL, HE-FOads. NECHKNE

-#l&abfﬂét&ﬁﬁfbct&ﬁﬁth

bDTH B,

NDABRL. tORBEEARBEKNOAZA

b&tiﬂMOﬂﬂGt B L REXRIRE ..

BRLLbHRETS,
aomn»ursgum*nxm.smmnﬁ

DEBRKAMEATUBLEL, vy, vy, .
by by, P34 Y THIAI~s +OEMICD |

NTHAD, RLEKCSD 0, RAARDE

@R, EEOERT, TOXSEl), Lo
ROBaLBOHLAERCK @B LOEYBAIC
THAFES, ABGEX7-VxBEALTEOME
RERDLABFERECL), RS BOO@ER Y &
DEEMBILL-OBSBOOTRIC MG E 7
ZRERHDITLENRTED, BEPAB LD LS
RRBXI PArBIBCOKINBS B OB %
MBLILDOT, M6 EQ LSS ML LOELR

BB LK IDNBIHNOEEEAE LSS

rees,
LOELEBBBIX, XXE , 5EQ M —0B
R BEFOEEBXCO2THRDAELDTH Y,

CLEBRAOMK L DEESMBEEFOELAS Y

—540—

277



v ’
1

CRLAEBRDBVCEBROBTHIDT, KBH
PEMTELEEBBIRCE LA LD, —
WO, DEKHEAETIBAL7ay 7ORBRBI
CHBEBBUSABRELTVARG ThHb, &
DTCLDORBYFEBRRBFALABCI vyl
BhEE, TTRRA{ALATVWALF~2EN
BCID BB THABTAMEF— 2 B0 ERH
TEn,
 2EMTHE., RLATEAETABEAN S HW
YRB<7 b ABEEC THBLTH S B oMW
BEGREBIR, KsWOOBMBLHMT S
IR IDNBIENNEERABLEZIAS SR H
b ThB,
(xmh) _
KRCARBORRA* DAL BRLALH Y T
MEKRAT 5, ' _
BB ARALKS v oa Y ERGEET
ROBEBTHD, 340 HA5KCLHWBOND
EE@. EBRXARACLOFETH AL LT
ExL, REAVABUTE , EERYBELE,

BDEXRILTHER2 bArEBEIIX,

1o 1 :
Mtn £ I (Vy(N+i+p , N+3+q)
p.q i=0j=0 '

- VR(N+1 ,K+3)}

&ﬂvﬁ'.f‘hbiz\n, ZZ TV (N+1+p U+ +q)
RES@NRNBZE., ANFBOT7av 201 3
24 v, IBRRCEB~<2+r»(p.,.q)iaR
LAERDBERAEHODHL, VR(N+1 , N+j) 2%
ERON , N7av21, i BROBBEHLD
Fo 2nMBp qRMOBERLEVE (-1,
t)ocEitarietnr, - ° .

 ROTHIENLIKCANBALERS 225,
BAEBLIZY = F -7 FuUx (Read Address ) I
IOMABEAND T v—uieY) —kELEERICS
KT oRRBL., Yey 2ADRRBRELEG RS
DfIxED. (p . Q) KRTHBRNMEY AN,

RADHEKELS(p . a) k@AB<2 AT
. MAEEBEFVvEYa R 1125 94~

1440EBRT1IETNIBRA I TS LT hil,

HMid61-144191 (3)

Ee=s-KRRL, ENDERX@BET 1 ~ 7 —
HEKINRMENE , ENBKEL(REZA
3r5KT 5,
BIBOKPTEHBEOMAALR 1 D0 I,
BHBBOMBYBIBROOKERYT, TAF7 v 2y
— L, FIAFTVIYP -3, ENPNEGR., B
BB, MB<2 A AU ER, 2MTHBH
Tbb‘ﬁ%BO&ﬂKIOGHﬁitmhbc'
LiTE B, ‘
RCAB<2 b rOMBIROCTRANS, 4%
ABTaYIEMEEGHEALLIIA Y KFHMD
13 RRXRTMBAZIh, LOYoy 2@MAEE L
RAATENBE, AFATENSBCHDL L,
MB<2 bADLEOIRIABABRLB OFTOLZ L
C13MB, THbLHLETSABLKTLIA T2
PN, EEFACZ IR, s RX, 8 BXA
BONOCAM, HEMEIKsPICRT s AMO W
B (EOOARRRDOUM) KBEL, Chb®
B2 FAKIBABEEALN (D, ) T
N, CAOBMB<2 AR IAMBEDES &

7a7 2% (11856/11)x(1440/13) =
1zwo(7uw1)‘ﬂn?4§~o§tﬁo
Bom<lstdre, 172 K2CL
XDOKIZ1ex11=183(B)¥NRTHDT,
1> V-4A2@ T2 12000 x 183 x12 (@)

T ONALET, 1BDNCHI S TH A DM
38 (maec)+(13000Xx188x18)=1.8

(neec) 2%, REOLKIAMARIAET & &
nasc TR TEIDT, LERHDOHAE L4

AR EARBETHIZ LR IDAELTMTH D,

RERFOLEVA IO B NNER I BOMB
BEUETH B, _
:zunﬁru&.tinetxbmvnzi_
CLTABBALROLN, ZOBK L HalOR
BMADKBABONKETELXKO@BEY v 714
YRLTHAN, 2HUDOMB LT BRI D\
THRBADHEBLEXTNRRAL, Yoy 20@8
RI2IAMHBTRAB<?2 b Ak 25T HMAL €
LTEBDT, ~—FoxThMMmTES,
IRNBROEBEY T B0, Yay 2k

—541—

278



' +
'

TLUODRBLEODRBTHRELLLGORMB/BE L
THAROBRYTICLLTRTH 5,

RBLSEULO D ASKRAVIDAEORBEA

KOVCERBR, CARVHPDERENRE
. ABDO N LT e vTIr—K—H—KMB
ATHRTS (B 8HEE, M), &0EE (TR
" wkBLTHE, ELF ,FLC.GLH, MTXR
BeBAL, E+ORB<I bAL BRI W
EREOBBLLOLEERET A,

COBEBREr , aDERICEDOTETX2 Y
— R RBL, o, tOUBRTWHE L ABDARL
tovhanAt, BABHLTCs , vOHNRT
X2V —vRRHBLL , g OURTHELEND
RLEDTHBBRLD, -

KB ERBLMAC E , K& NHK H# H R,
, &1 ,p2e(1981) "HEME
FU-aMERLFR " LRERTHE, END
MEN—ABCCBLICRLEN, BFOAT
BB HHDTLETERKBELTH (o
AHCOPOLUMTIR, WOHERRTOLE

Vol 8 8

CABOHMLTLIVOLMMLMRET L b
L Tes, ' '

ALK T HEME T TEMLEBICLESDE

T BRARTHD., ArOLIHBMERLOOBE S

I rATRKEREROMBYEETEINR, Xk
 RATRBEARNEEIRTTWRO L ATENE

COTHABRMRKSBLTELICRARDI<I b
YRAVCOLERD D,

(RBOHR)
CORBARBTHIBCLIRKIBELOR
EERYLBELEXKFLVE DS YORBCR
L. XSG GESROERSTEL ) . BB
FvevavrFReEFOMOBRESIDT S X
HTHEhF Ve sy FROGAMNTREL S o
ALEMBEIvETS S v B LI LKT VY
v ayvTit, —EEDVVYkﬁll'ZG(*) x
1440 (%) x8 (R,G,B 8B ) =
4,M0.M0K%L.wnémooxlooh
AEULEBEAB <2 L P RUBL L EXHEAE
Dt XHd»0.2 %8E (10,0004,860,000)

HedG1-144191 (4)
EXEBELEBOBIMBKCHB L, EEBIA
—WBhYEA—BKRETVWHLn, KRTHT v
— A TREINREIM—DTRTHLHN, "HEHRE"
CRAIBRTAI V- aDERERO B RTEM
QIR D70, #7 bUBBKRERLD 7 L
—LEARSCANDODEED, ThETHR
TRELTEAMBOAREI R K E VR, "8
THE TR A BB RREAUEEN 2 (0L
k9.6517v-Aﬁ0ﬂd0ﬁﬁﬁ%#;k
Be L L, "HEME " ODBRITERN
MYERLT. 17 v aGECHTHERNGL
DRVCERBTEETHSKEHL B, 27+ Y
BHCEEITVv-AaMTEETHEC L) 7 V
~AMMEDHRBL LD, —FLUUDONS
Kuwvrﬂanaerbﬁtihummm—r
LTI IO ;

TR BHEME T TRRECHBEECASY
BEvs, TRRATRELENRETLTHE TH A
RB. ETEHOVWRRD T oy 2 @RE AN

LWL, AHOCXKADEB <2 b A2 KF DR

KT ET. BBFLEORRES Yy LFOE

CRAUET, SHLLTCAEGEEAEREILLOR
T REFVESBYOLIANMEBERCTEENRTE S,

IRZDFRATREERORPAEG TR &

EDAIDARNEC I NELAEEEROET

FHOXRABKO20To, SRE<2 brD L
THARSNRET-ZLRAShHBE, Thy
B LREDPASBKLIABOKBET 50T,
ARNTMALESAAD I 2O EBYBRET S
cemTE B, '
sHMEOMMT®A
nxmwutkwmﬁfvzvayﬁeiﬁﬁ
KOBRAE, % 1M, BEALAEL MWD
HRE, AAEO—REHE RTH. ’
e, b, BIHRAEROTEKF LE 3
YREPTIMUAYBRATHLHOH, |
ﬁtﬂuxﬁﬁmxbﬁﬂo7u74mo@ﬂ
¥R+ HE, '
BIHRARANELGREBRORE L MK
KRB+ 50 BT, i), b, @, @, g,

—542—

279



. ’
1

th¥nh, EER . EER . WAB~<2 2, AB
BNEBR ELEBRBERTE.,
BOHI@AB<2 P rRHOILBHICL BNEN
Zrra0 1A ERTE,
BITHRRRARB <7+ rAHEOBRE K R
Tf.:bﬂ?fﬂ_ﬂiﬁ.
WeHBERENBORKAXRTHE TH 5,

BHHEA B X K % & £
. -

RAASEL & # 8 s(f—{;a‘,
. LStk

moam: & 4 K 6l

2

3
rg'*
| SHE:
i o i
“ R4 35 v +
: e , s >

- . X

0

—543—

280

(c)

Hms1-144191 (5)

B1H
(a)

AT

o
A

A.B,C.0 T 40HED

.

5.

2

o~

5
~eln
NS
| ™
N E -
+ F- D W
hy ~ R
-,rva st
- f-wQ
. D “§

) <



B G1-144191 (6)

w2 % 3
(a)
\x—.[-umr-x
_ten \/
— ) —
8 ‘ I\

. . A MEE
I » '? t ' /H .

_(b.'J . oz

Entrdk 17 Y

. X
[ : - . .
. ] . s
! % _ S AN
4 171
¥ v -7
o it NAY
[ '
i £k

% - v -1

(d) (e)

H6H

V6i,2)

~s02.0 O O
oo o 00 o

—544—

281



#ME361-144191 (7)

BT
T 7 3 an
L | S
fx '3 X 5 £ ‘.‘; P
IR
0-p Y A . ! .'}’F
k,0-F1__JA 1 1 4l ]
. |
j I(N-u.Hml ‘
B 8 M
(b))
0:MEH ‘
EF.GH:n Y E F G ;g . ‘
R, S, T,U:T07279- : . o . 3
SC:x79-v H H _ TA.*#GRMM
TR:{EA 3% . : .
_ fﬂ;&“ TAlHTA TA d ‘f:éﬂ{;g’)}‘ﬂr
TR ’ [ =ra7v7e- ]
r S t u “
1A | #In47v 749~ ]
T!A__l. TFTA
B¢ RS T U

—545—

282



PATENT ABSTRACTS OF JAPAN

(11)Publication number : 06098312
" (43)Date of publication of application : 08.04.1994

(51Int.Cl. . ' HO4N  7/137

HO4N 13/02
(21)Application number : 04-246492 ~ (1)Applicant : FUJITSU LTD
(22)Date of filing : 16.09.1992 (72)Inventor : MORIMATSU ElJI
, A KONOSHIMA MAKIKO
NAKAGAWA AKIRA
MATSUDA KIICHI

[

(54) HIGH EFFICIENCY PICTURE CODING SYSTEM
(57)Abstract: : C
PURPOSE: To attain high efficiency coding by using an optional screen of a multi-eye
stereoscopic video different timewise or specially as a reference screen so as to
predict compensation as coded picture quality.
CONSTITUTION: Patterns are subjected to motion compensation or parallax Lt
compensation in pattern matching sections 1-1 to 1-nin a coding and an error and “:ﬁi;l s
compensation vector is fed to a selection section 2. A reference pattern whose error is = e
minimum is selected therein and sent to a reception side as a selection flag together
with the compensation vector and given also to a coder 3. The coder 3 obtains a
prediction error between a prediction value (when a reference pattern is a local
decoded pattern of a preceding frame, a locally decoded value, and when a reference
pattern is a current pattern, a locally decoded value of the code) corresponding to the
reference pattern indicated by the selection flag and the coded pattern and sends the
error to the receiver side. Thus, the adaptive compensation and prediction with the

- coded pattern by using the optional pattern of a multi-eye stereoscopic video image
different timewise or specially as a reference pattemn so as to predict compensation as

- coded picture quality to realize the high efficiency coding to the entire multi~eye
stereoscopic video image. .

13t
nCT

LEGAL STATUS ‘
[Date of request for examination) 16.04.1999
[Date of sending the examiner's decision of rejection] 04.12.2001

[Kind of final disposal of application other than the examiner’s
decision of rejection or application converted registration]

[Date of final disposal for application]

[Patent number]

[Date of registration]
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Z AMENDMENT PAID FOR : FEE (3) FEE ($)
w " Total . Minus | ** = o .
S| orerriiem : : X $26 = OR | x $s0 =
O [ independent C Minus | = = 1 .
ﬁ 7 CFR 1.16(h)) . X $105 = . ' OR | X $210 =
S | Application Size Fee (37 CFR 1.16(s)) B
< .
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16() $185 OR $370
‘ ‘ TOTAL or TOTAL
) ) ADD'L FEE ADD'L FEE
* tfthe entry in column 1 is tess than the entry in column 2, write *0° in column 3.
** If the “Highest Number Previously Paid For” IN THIS SPACE Is léss than 20, enter “20".
*** If the “Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter *3".
The "Highest Number Previously Paid For* (Total or Independent) is the highest number found:in the appmpriate box in column 1.

This collection of information is required by 37 CFR 1.16. 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 govemned by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete,

including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depénding 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.0. 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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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
In re Application of:
Hiroya NAKAMURA et al.

Serial No. - Art Unit:

Filed: October 10, 2007 . Examiner:
For: METHOD AND APPARATUS FOR Atty Docket: 0124/0081

ENCODING AND DECODING
MULTI-VIEW VIDEO SIGNAL,
AND RELATED COMPUTER
PROGRAMS

INFORMATION DISCLOSURE STATEMENT
FILED PURSUANT TO 37 CFR 1.97

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

Sir:

For insuring compliance with the applicants’ duty of disclosure under 37 CFR §1.56,
the undersigned hereby submits the attached Form PTO-1449 listing references for
consideration by the Examiner in charge of the above-identified patent application. All
foreign art and/or publications listed is attached herewith for the examiner’s consideration.

Please note that the publication entitled “Joint Draft 1.0 on Multiview Video Coding”
was published in November 2006, which is later than the priority date of October 13, 2006

for the instant invention. Therefore, the noted publication is not prior art against the claims

of the instant application.

These documents are being submitted:

[XX] within three months of the filing of the above U.S. national application or of
the date of entry of the U.S. national stage in an International Patent
Application (no fee is due); (37 CFR §1.97(b))

[ before receiving a first Office Action on the merits of the above-identified
patent application (no fee is due); (37 CFR §1.97(b))
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following receipt of a first Office Action, but before issuance of a Final Office
Action or a Notice of Allowance (if this box is checked, one of the last three
boxes-also must be checked); (37 CFR §1.97(c))

concurrently with the filing of the RCE pursuant to 37 CFR 1.114

OR

following receipt of a Notice of Allowance or a Final Office Action. The
undersigned hereby requests consideration of this Information Disclosure
Statement after the mailing the Final Office Action or Notice of Allowance by
filing this Information Disclosure Statement under 37 CFR §1.97(d)

The Commissioner is authorized to debit $180.00 for payment of the fee set
forth in 37 CFR § 1.17(p). (37 CFR §1.97(d)(2))

The undersigned certifies that each item of this information is being
submitted within three months of the date it was cited by the Patent
Office in a counterpart application. (37 CFR §1.97(e)(1))

The undersigned certifies that, after making reasonable inquiry, he/she has
no knowledge that any item of this information was cited by a foreign patent
office in a counterpart application or was known more than three months
prior to this submission. (37 CFR §1.97(e)(2))

The Commissioner is hereby authorized to charge payment of any deficiency in the

above fee(s) or to charge any additional fees required under 37 CFR § 1.16 or 1.17 or
credit any overpayment to Deposit Account No. 50-0501. A duplicate copy of this
authorization is attached for the Finance Branch.

Respectfully submitted,

é- —_

Louis Woo, Reg. No. 31,730
Law Offices of Louis Woo
717 North Fayette Street

@% Alexandria, Virginia 22314
Date: | 0 / 7«90,7 Phone: (703) 299-4090

2 (Atty Docket: 0124/0081)
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