
















































































































































































































































































































































































































































































































































































UNITED STATES PATENT AND TRADEMARK OFFICE

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

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION NUMBER I FILING OR 371(C) DATE I FIRST NAMED APPLICANT I ATTY. DOCKET NO./TITLE |
13/192,111 07/27/2011 Jani LAINEMA NC73661US-NP
CONFIRMATION NO. 5397
73658 POA ACCEPTANCE LETTER
Nokia, Inc.
Attn Intelectual Property Fights Docketing L

200 South Mathilda Ave

Sunnyvale, CA 94086
Date Mailed: 06/27/2012

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 03/23/2012.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

[ttran/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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73658 PUBLICATION NOTICE
Nokia, Inc.
Attn: Intellectual Property Rights Docketing IR ORI
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Sunnyvale, CA 94086

Title:METHOD AND APPARATUS FOR PROVIDING COMPLEXITY BALANCED ENTROPY CODING

Publication No.US-2012-0250763-A1
Publication Date:10/04/2012

NOTICE OF PUBLICATION OF APPLICATION

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

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

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set forth
in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's Office of
Public Records. The Office of Public Records can be reached by telephone at (703) 308-9726 or (800) 972-6382,
by facsimile at (703) 305-8759, by mail addressed to the United States Patent and Trademark Office, Office of
Public Records, Alexandria, VA 22313-1450 or via the Internet.

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

dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through the Patent
Electronic Business Center at www.uspto.gov using the public side of the Patent Application Information and
Retrieval (PAIR) system. The direct link to access this status information is currently http://pair.uspto.gov/. Prior to
publication, such status information is confidential and may only be obtained by applicant using the private side of
PAIR.

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

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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Application No. Applicant(s)
13/192,111 LAINEMA ET AL.

Office Action Summary Examiner Art Unit AIA (First Inventor to File)
FRANCIS G. GEROLEO 2485 ,S\ltgt”s

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

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status
1) Responsive to communication(s) fled on _____
[] A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon ____.
2a)[] This action is FINAL. 2b)[X] This action is non-final.

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

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

Disposition of Claims
5[ Claim(s) 1-20 is/are pending in the application.

5a) Of the above claim(s) is/are withdrawn from consideration.
6)[] Claim(s) is/are allowed.
7)X Claim(s) 1-20 is/are rejected.
8)[] Claim(s) _____is/are objected to.
9] Claim(s) are subject to restriction and/or election requirement.

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the corresponding application. For more information, please see
hitp/hwww usplo gov/patents/init_events/peh/indax.jsp or send an inquiry to PPHieaedback@uspio.qoy.

Application Papers
10)[] The specification is objected to by the Examiner.
11)X] The drawing(s) filed on 27 July 2011 is/are: a)[X] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119
12)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a)J Al b)[]Some * ¢)[] None of the:
1.[] Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No.
3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)

1) IZI Notice of References Cited (PTO-892) 3) |:| Interview Summary (PTO-413)

2) [X] Information Disclosure Statement(s) (PTO/SB/08 Paper No(s)/Mail Date. __
) nformation Disclosure Statement(s) ( ) 4) l:l Other:

Paper No(s)/Mail Date
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DETAILED ACTION
Claim Rejections - 35 USC § 102
1. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the

basis for the rejections under this section made in this Oftice action:

A person shall be entitled to a patent unless —

(b) the invention was patented or described in a printed publication in this or a foreign countty or in public use or on
sale in this country, more than one year prior to the date of application for patent in the United States.

2. Claims 1-20 are rejected under 35 U.S.C. 102(b) as being anticipated by US 2009/0141806
Al (“Marpe”).

Marpe, in Figures, 1-16, discloses a Video Frame Encoding and Decoding that is the same
apparatus/method and computer program product, as specified in claims 1, 8, 15 of the present
invention, comprising:

categorizing a plurality of syntax elements of video content (e.g. 104 in tig. 2) into first and
second categories (e.g. 113 in tig. 2 (i.e. regular or bypass)) based on a frequency of occurrence of
the syntax elements in the video content (e.g. based on whether the bits corresponding to a bin
string have a 50/50 chance to be 1 ot 0) (patagraph [0054]);

entropy coding symbols that correspond to the first category of syntax elements (e.g. 118 in
tig. 2) and that have been subjected to a context update (e.g. 112 in fig. 2); and

entropy coding symbols that correspond to the second category of syntax elements (e.g. 120
in fig. 2) and that have bypassed context updating (e.g. as illustrated in fig. 2, when switch 113 is

connected to bypass, 112 context modeler is bypassed).
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Regarding claims 2, 9, 16, Marpe further discloses further comprising causing a

categorization of the syntax elements to be signaled at a block, slice, picture or sequence level (see

tig. 2; paragraph [0044]).

Regarding claims 3, 10, 17, Marpe further discloses further comprising performing
binarization of the symbols that correspond to the second category of syntax elements prior to

bypassing the context updating (see 102 in tig. 2).

Regarding claims 4, 11, 18, Marpe further discloses wherein performing binarization

comprises performing binarization so as to target a predetermined probability (see paragraph

[0052]).

Regarding claims 5, 12, 19 Marpe further discloses further comprising causing an indication

of the entropy coding to be signaled at a block, slice, picture or sequence level (see fig. 2; paragraph

[0044]).

Regarding claims 6, 13, 20, Marpe further discloses wherein categorizing the plurality of
syntax elements comprises categorizing the plurality of syntax elements based on a relationship of

the frequency of occurrence of the syntax elements to a predetined threshold (see paragraph [0054]).

Regarding claims 7, 14, Marpe further discloses further comprising performing binarization
of the symbols that correspond to the first category of syntax elements prior to entropy coding the

symbols that correspond to the first category of syntax elements (see 102 in tig. 2).
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Conclusion

Any inquiry concerning this communication or eatlier communications from the examiner
should be directed to FRANCIS G. GEROLEO whose telephone number is (571)270-7206. The
examiner can normally be reached on Monday - Friday 8:00am-5:00pm.

If attempts to reach the examiner by telephone are unsuccesstul, the examiner’s supervisor,
Jay Patel can be reached on 5712722988. 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://pait-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.

/Young Lee/
Primary Examiner, Art Unit 2485

/FRANCIS G GEROLEO/
Examiner, Art Unit 2485
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attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
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process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
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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 autherity 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
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8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became ahandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

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

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /F.G.G

EFS Web 2.1.17



Page 1 of 1

UNITED STATES PATENT AND TRADEMARK OFFICE

BIB DATA SHEET

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

CONFIRMATION NO. 5397

Jani LAINEMA, Tampere, FINLAND;
Kemal UGUR, Tampere, FINLAND;
Antti Olli HALLAPURO, Tampere, FINLAND;

** CONTINUING DATA *+*+essssmiimiinbiohbikins
This appln claims benefit of 61/368,316 07/28/2010

*k FOREIGN APPLICATIONS kkkkhkdkhkhkhhhkhkhhkhkkhkhkkd

** IF REQUIRED, FOREIGN FILING LICENSE GRANTED **
08/05/2011

SERIAL NUMBER | FILING or 371(c) CLASS GROUP ART UNIT [ATTORNEY DOCKET
13/192,111 07/27/2011 375 2485 NC73661US-NP
RULE
APPLICANTS

Foreign Priority claimed U ves Wno STATE OR

35 USC 119(a-d) conditions met D Yes D No D Met after COUNTRY

Allowance
Verified and JFRANCIS
GEROLEO/ FINLAND

Acknowledged Examiner's Signature Initials

SHEETS TOTAL |(INDEPENDENT
DRAWINGS | CLAIMS CLAIMS

8 20 3

ADDRESS

Nokia, Inc.

Attn: Intellectual Property Rights Docketing
200 South Mathilda Ave

Sunnyvale, CA 94086

UNITED STATES

TITLE

METHOD AND APPARATUS FOR PROVIDING COMPLEXITY BALANCED ENTROPY CODING

|Q All Fees
|0 1.16 Fees (Filing)

FILING FEE |FEES: Authority has been given in Paper
1220 No._ forfollowing: |EI 1.18 Fees (Issue)

|EI Other
|0 Credit

RECEIVED |No. to charge/credit DEPOSIT ACCOUNT [0 1.17 Fees (Processing Ext. of fime) I

BIB (Rev. 05/07).




Doc code: IDS PTO/SB/08a (01-10)

Lo . . . Approved for use through 07/31/2012. OMB 0651-0031
Doc description: Information Disclosure Statement (IDS) Filed U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERGE

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

Application Number 13192111
Filing Date 2011-07-27

INFORMATION DISCLOSURE

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

First Named Inventor | Jani Lainema

Art Unit 2485

Examiner Name Francis Geroleo

Attorney Dacket Number NC73661US-NP

U.S.PATENTS Remove
. . . . Pages,Columns,Lines where
E)l(gm*lner Cite Patent Number Kind Issue Date Nar.ne of Patentee or Applicant Relevant Passages or Relevant
Initial No Ccde! of cited Document )
Figures Appear
1
If you wish to add additional U.S. Patent citation information please click the Add button. Add
U.S.PATENT APPLICATION PUBLICATIONS Remove
Examiner| .. Fublication Kind | Publication Name of Patentee or Applicant Pages,Columns Lines where
e Cite No . Relevant Passages or Relevant
Initial Number Code’| Date of cited Document

Figures Appear

If you wish to add additional U.S. Published Application citation information please click the Add button. Add

FOREIGN PATENT DOCUMENTS Remove

Name of Patentee or Pages,Columns Lines
Examiner| Cite | Foreign Document Country Kind | Publication Applicant of cited where Relevant Ts
Initial* No | Number3 Code2? j Code4| Date Dpp Passages or Relevant
ocument .
Figures Appear
1 []
If you wish to add additional Foreign Patent Document citation informaticn please click the Add button ~ Add
NON-PATENT LITERATURE DOCUMENTS Remove
, . Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item

Examiner| Cite S : . '

e (book, magazine, journal, serial, symposium, catalog, etc}, date, pages(s), volume-issue humber(s), TS
Initials No : ; )

publisher, city and/or country where published.

EFS Web 2.1.17



Application Number 13192111
Filing Date 2011-07-27

INFORMATION DISCLOSURE

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

First Named Inventor | Jani Lainema
Art Unit 2485

Examiner Name Francis Geroleo

Attorney Dacket Number NC73661US-NP

1 European Search Report received for corresponding European Patent Application No. |:|
118119187 dated December 20, 2013, 6 pages.

2 Vivienne et al., "A High Throughput CABAC Algorithm Using Syntax Element Partitioning”, Image Processing (ICIP} |:|
2009, 16th IEEE International Conference on IEEE, Piscataway, NJ, USA, November 7, 2009, pages 773-776.

Marpe et al_, "Context-Based Adaptive Binary Arithmetic Coding in the H.264/AVC Video Compression Standard”,
3 IEEE Transactions on Circuits and Systems for Video Technology, |IEEE Service Center, Piscataway, NF, US, Vol. 13, |:|
No. 7, July 1, 2003, pages 620-636.

If you wish to add additional non-patent literature document citation information please click the Add button  Add
EXAMINER SIGNATURE

Examiner Signature Date Considered

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 60%. Draw line through a
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO
Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPQ Standard ST.16 if possible. 5 Applicant is to place a check mark here i
English language translation is attached.

EFS Web 2.1.17



Application Number 13192111

Filing Date 2011-07-27

INFORMATION DISCLOSURE

First Named Inventor | Jani Lainema

STATEMENT BY APPLICANT

L. Art Unit 2485
( Not for submission under 37 CFR 1.99)

Examiner Name Francis Geroleo

Attorney Dacket Number NC73661US-NP

CERTIFICATION STATEMENT

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

That each item of informaticn contained in the information disclosure statement was first cited in any communication
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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:
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The infarmation on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.5.C. 552} and the Privacy Act (5 U.S5.C. 552a). Records from this system of records may be disclesed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
hegotiations.
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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 informatioh shall be required to comply with the
requirements of the Privacy Act of 1874, as amended, pursuant to 5 U.S5.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.5.C. 181) and for review pursuant to the Atemic Energy Act (42 U.S.C. 218(¢c)).

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

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.5.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Commissioner for Patents
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SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT
UNDER 37 C.F.R. § 1.97(¢c)

Attached is a document listed on form PTO-1449 along with a copy of the non-patent
literature document in accordance with 37 CFR 1.98(a)(2).

It is requested that the Examiner consider this document and officially make it of record
in accordance with the provisions of 37 C.F.R. § 1.97 and Section 609 of the MPEP. By
identifying the listed document, Applicant in no way makes any admission as to the prior art
status of the listed document, but is instead identifying the listed document for the sake of full
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This Information Disclosure Statement is submitted in accordance with 37 C.F.R.

§ 1.97(c), before final Office Action or Allowance, whichever is earlier.

In accordance with the requirements of 37 C.F.R. § 1.97(c), the following statement as
specified in 37 C.F.R. § 1.97(¢) is made:

Each item of information contained in this statement was first cited in a communication
from a foreign patent office in a counterpart foreign application not more than three (3) months
prior to the filing of this statement. In this regard, Applicants note that the communication from
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than thirty (30) days prior to the filing of this Information Disclosure Statement.
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RESPONSE UNDER 37 C.F.R. § 1.111

In response to the Office Action dated October 31, 2013, please consider the following:
Listing of claims begins on page 2 of this paper.

Remarks begin on page 6 of this paper.




Application No.: 13/192,111
Amendment Dated April 30, 2014
Reply to Office Action of October 31, 2013

Listing of the Claims:

1. (Original) A method comprising:

categorizing a plurality of syntax elements of video content into first and second
categories based on a frequency of occurrence of the syntax elements in the video content;

entropy coding symbols that correspond to the first category of syntax elements and that
have been subjected to a context update; and

entropy coding symbols that correspond to the second category of syntax elements and

that have bypassed context updating.

2. (Original) A method according to Claim 1 further comprising causing a

categorization of the syntax elements to be signaled at a block, slice, picture or sequence level.

3. (Original) A method according to Claim 1 further comprising performing
binarization of the symbols that correspond to the second category of syntax elements prior to

bypassing the context updating.

4, (Original) A method according to Claim 3 wherein performing binarization

comprises performing binarization so as to target a predetermined probability.

5. (Original) A method according to Claim 1 further comprising causing an

indication of the entropy coding to be signaled at a block, slice, picture or sequence level.

6. (Original) A method according to Claim 1 wherein categorizing the plurality of
syntax elements comprises categorizing the plurality of syntax elements based on a relationship

of the frequency of occurrence of the syntax elements to a predefined threshold.

7. (Original) A method according to Claim 1 further comprising performing
binarization of the symbols that correspond to the first category of syntax elements prior to

entropy coding the symbols that correspond to the first category of syntax elements.

20of 8
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8. (Original) An apparatus comprising at least one processor and at least one
memory including computer program code, the at least one memory and the computer program
code configured to, with the processor, cause the apparatus to at least:

categorize a plurality of syntax elements of video content into first and second categories
based on a frequency of occurrence of the syntax elements in the video content;

entropy code symbols that correspond to the first category of syntax elements and that
have been subjected to a context update; and

entropy code symbols that correspond to the second category of syntax elements and that

have bypassed context updating.

9. (Original) An apparatus according to Claim 8 wherein the at least one memory
and the computer program code are further configured to, with the processor, cause the apparatus
to cause a categorization of the syntax elements to be signaled at a block, slice, picture or

sequence level.

10. (Original) An apparatus according to Claim 8 wherein the at least one memory
and the computer program code are further configured to, with the processor, cause the apparatus
to perform binarization of the symbols that correspond to the second category of syntax elements

prior to bypassing the context updating.

11. (Original) An apparatus according to Claim 10 wherein the at least one memory
and the computer program code are configured to, with the processor, cause the apparatus to

perform binarization by performing binarization so as to target a predetermined probability.

12. (Original) An apparatus according to Claim 8 wherein the at least one memory
and the computer program code are further configured to, with the processor, cause the apparatus
to cause an indication of the entropy coding to be signaled at a block, slice, picture or sequence

level.
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13. (Original) An apparatus according to Claim 8 wherein the at least one memory
and the computer program code are configured to, with the processor, cause the apparatus to
categorize the plurality of syntax elements by categorizing the plurality of syntax elements based

on a relationship of the frequency of occurrence of the syntax elements to a predefined threshold.

14. (Original) An apparatus according to Claim 8 wherein the at least one memory
and the computer program code are further configured to, with the processor, cause the apparatus
to perform binarization of the symbols that correspond to the first category of syntax elements

prior to entropy coding the symbols that correspond to the first category of syntax elements.

15. (Original) A computer program product comprising at least one non-transitory
computer-readable storage medium having computer-executable program code instructions
stored therein, the computer-executable program code instructions comprising program code
instructions to:

categorize a plurality of syntax elements of video content into first and second categories
based on a frequency of occurrence of the 'syntax elements in the video content;

entropy code symbols that correspond to the first category of syntax elements and that
have been subjected to a context update; and

entropy code symbols that correspond to the second category of syntax elements and that

have bypassed context updating.

16. (Original) A computer program product according to Claim 15 wherein the
computer-executable program code instructions further comprise program code instructions to
cause a categorization of the syntax elements to be signaled at a block, slice, picture or sequence

level.,
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17. (Original) A computer program product according to Claim 15 wherein the
computer-executable program code instructions further comprise program code instructions to
perform binarization of the symbols that correspond to the second category of syntax elements

prior to bypassing the context updating.

18. (Original) A computer program product according to Claim 17 wherein the
comprise program code instructions to perform binarization comprise program code instructions

to perform binarization so as to target a predetermined probability.

19. (Original) A computer program product according to Claim 15 wherein the
computer-executable program code instructions further comprise program code instructions to
cause an indication of the entropy coding to be signaled at a block, slice, picture or sequence

level.

20. (Original) A computer program product according to Claim 15 comprise the
program code instructions to categorize the plurality of syntax elements comprise program code
instructions to categorize the plurality of syntax elements based on a relationship of the

frequency of occurrence of the syntax elements to a predefined threshold.

50f8




Application No.: 13/192,111
Amendment Dated April 30, 2014
Reply to Office Action of October 31, 2013

REMARKS

The present application includes Claims 1-20.Claims 1-20 were rejected.

Rejections under 35 U.S.C. § 102
The Office Action rejects Claims 1-20 under 35 USC 102(b) as being anticipated by US
2009/0141806 A1 (“Marpe™).

Applicant respectfully asserts that Marpe does not teach or suggest each of the elements
recited in independent Claim 1, 8, or 15. In particular, independent Claims 1, 8, and 15 each
recite, albeit in somewhat different language, “categorizing a plurality of syntax elements of
video content into first and second categories based on a frequency of occurrence of the syntax
elements in the video content.” Applicant respectfully asserts that Marpe fails to teach or suggest
at least this recitation of the independent Claims 1, 8§, and 15.

The Office Action asserts that the categorizing of a plurality of syntax elements of video
content into first and second categories “based on frequency of occurrence of syntax elements in
the video content” is taught in Paragraph 54 “based on whether the bits corresponding to a bin
string have a 50/50 chance of being 1 or 0.” (Office Action mailed October 31, 2013; Pg. 2).
Paragraph 54 is reproduced below.

The aim of switch 113 is to ease the subsequent binary arithmetic coding
performed in stage 100 ¢. To be more precise, some of the bins in the bin string
output by binarizer 102 show heuristically nearly an equi-probable distribution.
This means, the corresponding bits are, with a probability of nearly 50%, 1 and,
with a probability of nearly 50%, 0, or, in other words, the bits corresponding to
this bin in a bin string have a 50/50 chance to be 1 or 0. These bins are fed to the
bypass-coding input terminal 116 and are binary arithmetically coded by use of an
equi-probable probability estimation, which is constant and, therefore, needs no
adaption or updating overhead. For all other bins, it has been heuristically
determined that the probability distribution of these bins depends on other bins as
output by stage 10 a so that it is worthwhile to adapt or update the probability
estimation used for binary arithmetically coding of the respective bin as it will be
described in more detail below exemplarily with respect to exemplary syntax
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elements. The latter bins are thus fed by switch 113 to the input terminal of
context modeler 112.
(Paragraph 54).

Paragraph 52 and 53 disclose binary bins as portions of the binary output stream of the
binaizer which transfers the syntax element into a suitable binary representation. The switch
merely determines if the bin will have a 50/50 split of 1s and Os or not. If the binary bin has an
equal-probable 1 and O ratio the bin is sent to the bypass code engine. If the bin is not 50/50 the
bin is sent to the regular code engine via the context modeler. This is not “categorizing a
plurality of syntax elements of video content into first and second categories based on a
frequency of occurrence of the syntax elements in the video content” as recited in the
independent claims.

To provide a more contextual example, in Marpe if a syntax element is received by the
binaizer it may produce a binary output stream of 110100100100101010011110111110, which
may processed in 6 bit bins 110100, 100100, 101010, 011110, 111110. The switch would send
the first and third bin to the bypass code engine, due to having 50/50 split of 1s and Os, whereas
the second, forth, and fifth would be sent to the regular coding engine. This determination is
based only on the binary makeup of the bin and not the syntax element. Since the determination
is not based on the syntax element, it cannot be made based on the frequency of occurrence of a
syntax element. Further, Marpe is not categorizing syntax elements as the first portion of the
element recites, as discussed, Marpe is categorizing bit stream bins, not the syntax elements.
Marpe fails to teach or suggest “categorizing a plurality of syntax elements of video content
into first and second categories based on a frequency of occurrence of the syntax elements in
the video content,” as recited in each of the independent claims, and therefore fails to anticipate
these claims.

For at least the foregoing reasons, Applicant respectfully asserts that Marpe does not
anticipate independent Claim 1, 8, 15 and respectfully requests that the rejection of these claims

be withdrawn.
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The patentability of the independent claim has been argued as set forth above and thus
the Applicants will not take this opportunity to argue the merits of the rejection with regard to
the dependent claims. However, the Applicants do not concede that the dependent claims are not
independently patentable and reserve the right to argue the patentability of the dependent claims

at a later date if necessary.

CONCLUSION

In light of the remarks above, Applicant respectfully submits that the application is in
condition for allowance and respectfully requests that a Notice of Allowance be issued. The
Examiner is encouraged to contact Applicant’s undersigned attorney to resolve any remaining

issues in order to expedite examination of the present application.

It is not believed that extensions of time or fees for net addition of claims are required,
beyond those that may otherwise be provided for in documents accompanying this paper.
However, in the event that additional extensions of time are necessary to allow consideration of
this paper, such extensions are hereby petitioned under 37 CFR § 1.136(a), and any fee required
therefor (including fees for net addition of claims) is hereby authorized to be charged to Deposit

Account No. 16-0605.

Respectfully submitted,

ant A. Gildehaus
Registration No. 68,805

Customer No. 10949

ALSTON & BIRD LLP

Bank of America Plaza

101 South Tryon Street, Suite 4000
Charlotte, NC 28280-4000

Tel Charlotte Office (704) 444-1000

Fax Charlotte Office (704) 444-1111
LEGAL02/34814253v1
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7)X Claim(s) 1-20 is/are rejected.
8)[] Claim(s) is/are objected to.
9] Claim(s) are subject to restriction and/or election requirement.
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DETAILED ACTION
This communication is in response to US Patent Application No.: 13/192111 filed on
7/27/2011 that claims benefit to a US Provisional Application No.: 61/368316 filed on 7/28/2010.
A reply was filed on 4/30/2014 in response to the non-final office action dated 10/31/2013. Claims
1-20 are currently pending.
Notice of Pre-AIA or AIA Status

1. The present application is being examined under the pre-AIA first to invent provisions.

Claim Rejections - 35 USC § 102
2. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the

basis for the rejections under this section made in this Oftice action:

A person shall be entitled to a patent unless —

(b) the invention was patented or described in a printed publication in this or a foreign country or in public use ot on
sale in this country, more than one year prior to the date of application for patent in the United States.

3. Claims 1-20 are rejected under 35 U.S.C. 102(b) as being anticipated by US 2009/0141806
Al (“Marpe”) for the same reasons as set forth in Section 2 of the last office action, dated
10/31/2013.
Response to Arguments

4. Applicant's arguments filed 4/30/2014 have been fully considered but they are not
persuasive.

Applicant asserts on pages 6-7 of the Remarks that Marpe does not disclose categorizing a
plurality of syntax elements based on a frequency of occurrence of the syntax elements because the
determining in Marpe is based only on the binary makeup of the bin and not the syntax element and

concludes that " since the determination is not based on the syntax element, it cannot be made
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based on the frequency of occurrence of a syntax element.". Applicant further asserts on page 7 that
Marpe does not disclose categorizing syntax elements because "Matpe is categorizing bit stream

bins, not the syntax elements.".

However, it is noted in Figure 2 of Marpe, for instance see "binary valued syntax element”
and "non-binatry valued syntax element” that syntax elements can be binaty or non-binary valued
(see also paragraph [0047]-[0048] for specific examples of binary and non-binary valued syntax
elements). And as illustrated in Figure 2 of Marpe, the categorization is done on binarized syntax

elements (see 108 in fig. 2).

Conclusion
5. The prior art made of record and not relied upon is considered pertinent to applicant's
disclosure.
a. Winger, US 2005/0179572 A1, Method for selection of contexts for arithmetic

coding of reference picture and motion vector residual bitstream syntax elements

b. Hu, US 8213499 B2, Method and apparatus for context address generation for
motion vectors and coefticients

C. Girardeau, US 7714754 B2, Entropy decoder with pipelined processing and methods

for use therewith

6. THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time

policy as set forth in 37 CFR 1.136(a).
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Art Unit: 2485

A shortened statutory period for reply to this final action is set to expire THREE MONTHS
from the mailing date of this action. In the event a first reply is filed within TWO MONTHS of the
mailing date of this final action and the advisory action is not mailed until after the end of the
THREE-MONTH shortened statutory period, then the shortened statutory period will expire on
the date the advisory action is mailed, and any extension fee pursuant to 37 CFR 1.136(a) will be
calculated from the mailing date of the advisory action. In no event, however, will the statutory
period for reply expire later than SIX MONTHS from the mailing date of this final action.

Any inquiry concerning this communication or eatlier communications from the examiner
should be directed to FRANCIS G. GEROLEO whose telephone number is (571)270-7206. The
examiner can normally be reached on Monday - Friday 8:00am-5:00pm.

If attempts to reach the examiner by telephone are unsuccesstul, the examiner’s supervisor,
Jay Patel can be reached on 5712722988. 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://pait-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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BALANCED ENTROPY CODING

Docket No.: 042933/442419
Customer No.: 10949

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

Alexandria, VA 22313-1450

AMENDMENT AFTER FINAL UNDER 37 CFR § 1.116
Sir:

In response to the Final Office Action dated June 4, 2014, please amend the above-
identified application as follows:

Amendments to the Claims are reflected in the listing of claims beginning on page 2 of this
paper.

Remarks begin on page 7 of this paper.



Appl. No.: 13/192,111
Amdt. dated 12/02/2014
Reply to Final Office Action of 06/04/2014

Amendments to the Claims:

1. (Currently Amended) A method comprising:

determining a frequency of occurrence threshold based on an expected frequency of

occurrence of syntax elements in a bit stream:

categorizing a plurality of syntax elements of video content into first and second

categories based on athe frequency of occurrence threshold, wherein ef+the-syntax elements in

the-video-contentwhich occur greater than the frequency of occurrence threshold are categorized

into the first category and syntax elements which occur less than the frequency of occurrence are

categorized into the second category;

entropy coding symbols that correspond to the first category of syntax elements and that
have been subjected to a context update; and
entropy coding symbols that correspond to the second category of syntax elements and

that have bypassed context updating.

2. (Original) A method according to Claim 1 further comprising causing a

categorization of the syntax elements to be signaled at a block, slice, picture or sequence level.

3. (Original) A method according to Claim 1 further comprising performing
binarization of the symbols that correspond to the second category of syntax elements prior to

bypassing the context updating.

4. (Original) A method according to Claim 3 wherein performing binarization

comprises performing binarization so as to target a predetermined probability.

5. (Original) A method according to Claim 1 further comprising causing an

indication of the entropy coding to be signaled at a block, slice, picture or sequence level.
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6. (Original) A method according to Claim 1 wherein categorizing the plurality of
syntax elements comprises categorizing the plurality of syntax elements based on a relationship

of the frequency of occurrence of the syntax elements to a predefined threshold.

7. (Original) A method according to Claim 1 further comprising performing
binarization of the symbols that correspond to the first category of syntax elements prior to

entropy coding the symbols that correspond to the first category of syntax elements.

8. (Currently Amended) An apparatus comprising at least one processor and at
least one memory including computer program code, the at least one memory and the computer
program code configured to, with the processor, cause the apparatus to at least:

determine a frequency of occurrence threshold based on an expected frequency of

occurrence of syntax elements in a bit stream:

categorize a plurality of syntax elements of video content into first and second categories

based on athe frequency of occurrence threshold, wherein efthe-syntax elements in-the-videe

cententwhich occur greater than the frequency of occurrence threshold are categorized into the

first category and syntax elements which occur less than the frequency of occurrence are

categorized into the second category;

entropy code symbols that correspond to the first category of syntax elements and that
have been subjected to a context update; and

entropy code symbols that correspond to the second category of syntax elements and that

have bypassed context updating.

9. (Original) An apparatus according to Claim 8 wherein the at least one memory
and the computer program code are further configured to, with the processor, cause the apparatus
to cause a categorization of the syntax elements to be signaled at a block, slice, picture or

sequence level.
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10. (Original) An apparatus according to Claim 8 wherein the at least one memory
and the computer program code are further configured to, with the processor, cause the apparatus
to perform binarization of the symbols that correspond to the second category of syntax elements

prior to bypassing the context updating.

11. (Original) An apparatus according to Claim 10 wherein the at least one memory
and the computer program code are configured to, with the processor, cause the apparatus to

perform binarization by performing binarization so as to target a predetermined probability.

12. (Original) An apparatus according to Claim 8 wherein the at least one memory
and the computer program code are further configured to, with the processor, cause the apparatus
to cause an indication of the entropy coding to be signaled at a block, slice, picture or sequence

level.

13. (Original) An apparatus according to Claim 8 wherein the at least one memory
and the computer program code are configured to, with the processor, cause the apparatus to
categorize the plurality of syntax elements by categorizing the plurality of syntax elements based

on a relationship of the frequency of occurrence of the syntax elements to a predefined threshold.

14. (Original) An apparatus according to Claim 8 wherein the at least one memory
and the computer program code are further configured to, with the processor, cause the apparatus
to perform binarization of the symbols that correspond to the first category of syntax elements

prior to entropy coding the symbols that correspond to the first category of syntax elements.

15. (Currently Amended) A computer program product comprising at least one
non-transitory computer-readable storage medium having computer-executable program code
instructions stored therein, the computer-executable program code instructions comprising

program code instructions to:
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determine a frequency of occurrence threshold based on an expected frequency of

occurrence of syntax elements in a bit stream:

categorize a plurality of syntax elements of video content into first and second categories

based on athe frequency of occurrence threshold, wherein efthe-syntax elements in-the-sideo

eententwhich occur greater than the frequency of occurrence threshold are categorized into the

first category and syntax elements which occur less than the frequency of occurrence are

categorized into the second category;

entropy code symbols that correspond to the first category of syntax elements and that
have been subjected to a context update; and
entropy code symbols that correspond to the second category of syntax elements and that

have bypassed context updating.

16. (Original) A computer program product according to Claim 15 wherein the
computer-executable program code instructions further comprise program code instructions to
cause a categorization of the syntax elements to be signaled at a block, slice, picture or sequence

level.

17. (Original) A computer program product according to Claim 15 wherein the
computer-executable program code instructions further comprise program code instructions to
perform binarization of the symbols that correspond to the second category of syntax elements

prior to bypassing the context updating.
18. (Original) A computer program product according to Claim 17 wherein the
comprise program code instructions to perform binarization comprise program code instructions

to perform binarization so as to target a predetermined probability.

19. (Original) A computer program product according to Claim 15 wherein the

computer-executable program code instructions further comprise program code instructions to
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cause an indication of the entropy coding to be signaled at a block, slice, picture or sequence

level.

20. (Original) A computer program product according to Claim 15 comprise the
program code instructions to categorize the plurality of syntax elements comprise program code
instructions to categorize the plurality of syntax elements based on a relationship of the

frequency of occurrence of the syntax elements to a predefined threshold.
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REMARKS
The present application includes Claims 1-20. Claims 1-20 were rejected. By this
Amendment, Claims 1, 8, and 15 have been amended. Support for the amendments may be found

in at least Paragraph 48. As such, the amendments do not introduce new matter.

Claim Rejections — 35 USC § 102

Claims 1-20 were rejected under 35 U.S.C. § 102(b) as being anticipated by Marpe et al.
(US 2009/0141806 A1) for the same reasons set forth in Section 2 of the last office action.

Applicant respectfully asserts that Marpe does not disclose, teach, or suggest each of the
elements recited in independent Claim 1, 8, or 15. In particular, independent Claims 1, 8, and 15,

as amended, each recite, albeit in somewhat different language, “determining a frequency of

occurrence threshold based on an expected frequency of occurrence of syntax elements in a bit

stream” and “categorizing a plurality of syntax elements of video content into first and second

categories based on the frequency of occurrence threshold, wherein syntax elements which occur

greater than the frequency of occurrence threshold are categorized into the first category and

syntax elements which occur less than the frequency of occurrence are categorized into the

second category.” Applicant respectfully asserts that Marpe fails to disclose, teach, or suggest at

least this recitation of the independent Claims 1, 8, and 15.

The Office Action asserts that the categorizing of a plurality of syntax elements of video
content into first and second categories “based on frequency of occurrence of syntax elements in
the video content” is taught in Paragraph 54 “based on whether the bits corresponding to a bin
string have a 50/50 chance of being 1 or 0.” (Office Action mailed October 31, 2013; Pg. 2).
Paragraph 54 is reproduced below.

The aim of switch 113 is to ease the subsequent binary arithmetic coding
performed in stage 100 ¢. To be more precise, some of the bins in the bin string
output by binarizer 102 show heuristically nearly an equi-probable distribution.
This means, the corresponding bits are, with a probability of nearly 50%, 1 and,
with a probability of nearly 50%, 0, or, in other words, the bits corresponding to
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this bin in a bin string have a 50/50 chance to be 1 or 0. These bins are fed to the
bypass-coding input terminal 116 and are binary arithmetically coded by use of an
equi-probable probability estimation, which is constant and, therefore, needs no
adaption or updating overhead. For all other bins, it has been heuristically
determined that the probability distribution of these bins depends on other bins as
output by stage 10 « so that it is worthwhile to adapt or update the probability
estimation used for binary arithmetically coding of the respective bin as it will be
described in more detail below exemplarily with respect to exemplary syntax
elements. The latter bins are thus fed by switch 113 to the input terminal of

context modeler 112,
(Paragraph 54).

Paragraphs 52 and 53 disclose binary bins as portions of the binary output stream of the
binaizer which transfers the syntax element into a suitable binary representation. The switch
merely determines if the bin will have a 50/50 split of 1s and Os or not. If the binary bin has an
equal-probable 1 and 0 ratio the bin is sent to the bypass code engine. If the bin is not 50/50 the
bin is sent to the regular code engine via the context modeler. The 50/50 bin composition
determination is to “ease the subsequent binary arithmetic coding,” there is no teaching or
suggestion of “*determining a frequency of occurrence threshold based on the expected frequency
of occurrence of syntax elements in a bit stream.”

Further, providing a more contextual example, in Marpe if a syntax element is received
by the binaizer it may produce a binary output stream of 110100100100101010011110111110,
which may processed in 6 bit bins 110100, 100100, 101010, 011110, 111110. The switch would
send the first and third bin to the bypass code engine, due to having 50/50 split of 1s and Os,
whereas the second, forth, and fifth would be sent to the regular coding engine. This
determination is based only on the binary makeup of the bin and not the frequency of
occurrence of the syntax element. Marpe fails to teach or suggest “categorizing a plurality of
syntax elements of video content into first and second categories based on the frequency of
occurrence threshold, wherein syntax elements which occur greater than the frequency of
occurrence threshold are categorized into the first category and syntax elements which occur less
than the frequency of occurrence are categorized into the second category.” as recited in each of

the independent claims, and therefore fails to anticipate these claims.
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For at least the foregoing reasons, Applicant respectfully asserts that Marpe does not
anticipate independent Claim 1, 8, or 15 and respectfully requests that the rejection of these

claims be withdrawn

The patentability of the independent claims has been argued as set forth above and thus
the Applicant will not take this opportunity to argue the merits of the rejection with regard to the
dependent claims. However, the Applicant does not concede that the dependent claims are not
independently patentable and reserves the right to argue the patentability of the dependent claims

at a later date if necessary.
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CONCLUSION

In light of the remarks above, Applicant respectfully submits that the application is in

condition for allowance and respectfully requests that a Notice of Allowance be issued. The

Examiner is encouraged to contact Applicant’s undersigned attorney to resolve any remaining

issues in order to expedite examination of the present application.

It is not believed that extensions of time or fees for net addition of claims are required,

beyond those that may otherwise be provided for in documents accompanying this paper.

However, in the event that additional extensions of time are necessary to allow consideration of

this paper, such extensions are hereby petitioned under 37 CFR § 1.136(a), and any fee required

therefor (including fees for net addition of claims) is hereby authorized to be charged to Deposit

Account No. 16-0605.

Customer No. 10949

ALSTON & BIRD LLP

Bank of America Plaza

101 South Tryon Street, Suite 4000
Charlotte, NC 28280-4000

Tel Charlotte Office (704) 444-1000
Fax Charlotte Office (704) 444-1111

Respectfully submitted,

Gra\r}§\\{ ;il dehaus\\“~
Reégistration No. 68,805
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NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

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

Authorized Signature

Date

Typed or printed name

Registration No.

PTOL-85 Part B (10-13) Approved for use through 10/31/2013.
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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 DOCKETNO. |  CONFIRMATION NO. |
13/192,111 07/27/2011 Jani LAINEMA 042933/442419 5397
| EXAMINER |
10949 7590 01/21/2015
Nokia Corporation and Alston & Bird LLP GEROLEO, FRANCIS
c/o Alston & Bird LLP
Bank of America Plaza, 101 South Tryon Street | ART UNIT PAPER NUMBER |
Suite 4000 2485

Charlotte, NC 28280-4000
DATE MAILED: 01/21/2015

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

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance.

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

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

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

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary
depending upon the individual case. Any comments on the amount of time you require to complete this form
and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT
SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box
1450, Alexandria, Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to
respond to a collection of information unless it displays a valid OMB control number.

Privacy Act Statement

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

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

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

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

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

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

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

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

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

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

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



Application No. Applicant(s)
13/192,111 LAINEMA ET AL.
: IH i i AlA (First Inventor to
Notice of Allowability E’éi\ﬂ'é'f’sf G. GEROLEO gﬂag i File) Status
No

-- 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 the amendment filed on 12/2/14.
Oa declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on

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

3. X The allowed claim(s) is/are 1-20. As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution
Highway program at a participating intellectual property office for the corresponding application. For more information, please see
hitp:/fwww.usplo.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHisedback@usplo.gov .

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

a)[J Al b)[J Some *c)[] None of the:
1. [ Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [] Copies of the certified copies of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17.2(a)).
* Certified copies not received: __

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

5. [J CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.

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

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

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

Attachment(s)

1. X Notice of References Cited (PTO-892) 5. [] Examiner's Amendment/Comment

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

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

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

/FRANCIS G GEROLEQ/ /Jayanti K Patel/
Examiner, Art Unit 2485 Supervisory Patent Examiner, Art Unit 2485

U.S. Patent and Trademark Office
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20150105




Application/Control No. Applicant(s)/Patent Under
Reexamination
. . 13/192,111 LAINEMA ET AL.
Notice of References Cited . .
Examiner Art Unit
FRANCIS G. GEROLEO 2485 Page 1 of 1
U.S. PATENT DOCUMENTS
* Countre?otg—?\lr::m’\tlnzmgﬁg Code MM[?(t\((aYY Name Classification
* A | US-2002/0131506 A1 09-2002 Kerofsky et al. 375/240.23
* B | US-2012/0014433 A1 01-2012 Karczewicz et al. 375/240.02
* c | US-8,294,603 B2 10-2012 Sze et al. 341/107
D | US-
E | US-
F | US-
G | US-
H | US-
| Us-
J | US-
K | US-
L | USs-
M | US-
FOREIGN PATENT DOCUMENTS
* Countre?olgg-?ﬂztm’\tizrzﬁg Code MM[??\?YY Country Name Classification
N
O
P
Q
R
S
T
NON-PATENT DOCUMENTS
* Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages)
u
\
w
X

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

U.S. Patent and Trademark Office
PTO-892 (Rev. 01-2001) Notice of References Cited Part of Paper No. 20150105
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EAST Search History

EAST Search History (Prior Art)

Ref iiHits Search Query DBs Default iiPlurals jiTime
# Operator Stamp
S102 ij2 ("20120250763").PN. US-PGPUB; OR OFF 2015/01/05
USPAT; 07:23
DERWENT
S$103 {1 2012-B49332.NRAN. DERWENT CR OFF 2015/01/05
07:23
S104 125397 {(entropy near2 (cod$3 or US-PGPUB; OR OFF 2015/01/05
encod$3)) USPAT; USOCR; 07:43
FPRS; EPO; JPO;
DERWENT;
IBM_TDB
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FPRS; EPO; JPO;
DERWENT;
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IBM_TDB
S110 {161 (S106 same S107) US-PGPUB; OR OFF 2015/01/05
USPAT; USOCR,; 07:46
FPRS; EPO; JPO;
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IBM_TDB
S111 ii4 $108 and S110 US-PGPUB; OR OFF 2015/01/05
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file:///Cl/Users/fgeroleo/Documents/e-Red%20Folder/13192111/EASTSearchHistory.13192111_AccessibleVersion.htm[1/5/2015 3:06:49 PM]




EAST Search History

3
N
N
N
N
N

iBM_TDB
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US-PGPUB;
USPAT; USOCR;
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OFF

2015/01/05

07:47
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2066
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OFF
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OFF
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08:21
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METHODS AND SYSTEMS FOR REFINEMENT COEFFICIENT
CODING IN VIDEO COMPRESSION

TECHNICAL FIELD

[0002] The present disclosure relates generally to video processing. More
specifically, the present disclosure relates to methods and systems for encoding and

decoding information relating to video compression technigues.

BACKGROUND

[0003] Computer technologies have continued to progress in video
compression techniques. Video compression refers to compression of digital video
data. Video compression is desirable for efficient coding of video data in video file
formats and streaming and broadcasting video formats. Compression is a conversion
of data to a format that requires fewer bits, usually performed so that the data can be
stored or transmitted more efficiently. Decompression, which is the inverse of
compression, produces a replica of the original data. |

[0004] Today, many video compression methods apply a certain type of
discrete transform such as Discrete Cosine Transform (DCT) for reducing a
remaining spatial redundancy in a prediction residual, which is generated using either
temporal or spatial prediction techniques. Many video compression techniques also
involve quantization, which may be either scalar quantization or vector quantization.
After quantization, quantized coefficients may be entropy coded and placed into a
compressed video bit stream. The compressed bit stream is then sent to a decoder,
which will decompress the bit stream and recover a close approximation of the
original video data.

[0005] Video compression techniques may benefit consumers of various forms
of media. For example, in broadcast engineering, digital television is made practical
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by video compression. TV stations can broadcast not only HDTV, but multiple virtual
channels on the same physical channel as well. Digital video broadcast may use the
MPEG-2 standard video compression format. H.264/MPEG-4 and VC-1 are
beginning to emerge as new standards in video compression.

[0006] Unfortunately, known systems and methods for coding information in
video compression suffer from various drawbacks. Accordingly, benefits may be
realized by improved systems and methods for coding information in video
compression. Some systems and methods for coding information in video
compression are described herein.

SUMMARY

In one aspect of the present invention, there is provided a method for
coding refinement coefficients in a signal-to-noise ratio (SNR) scalable enhancement
layer of a compressed video sequence comprising: receiving a video sequence;
constructing a prediction of an original video signal in a current frame from the video
sequence; forming a residual signal by subtracting the prediction of the original video
signal from the original video signal in the current frame; applying a transform to the
residual signal so as to convert the residual signal into a domain in which the residual
signal is represented by a plurality of transform coefficients; quantizing the plurality of
transform coefficients to generate a plurality of nonzero transform coefficients,
wherein each of the nonzero transform coefficients has a value of nonzero and at
least some of the nonzero transform coefficients are refinement coefficients, wherein
each of the refinement coefficients has the value of nonzero prior to quantizing;
mapping each refinement coefficient to a ternary refinement symbol to generate a
plurality of refinement symbols, wherein the ternary refinement symbol has three
values and each refinement symbol has one of the three values; grouping the
refinement symbols in a certain coding order to generate a plurality of refinement
symbol groups; and coding the refinement symbol groups using variable length
codes.
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In another aspect of the present invention, there is provided an
electronic device that is configured to encode refinement coefficients in a signal-to-
noise ratio (SNR) scalable enhancement layer of a compressed video sequence, the
electronic device comprising: a processor; memory in electronic communication with
the processor; instructions stored in the memory, the instructions being executable to:
receive a video sequence; construct a prediction of an original video signal in a
current frame from the video sequence; form a residual frame by subtracting the
prediction of the original video signal from the original video signal in the current
frame; apply a transform to the residual signal so as to convert the residual signal into
a domain in which the residual signal is represented by a plurality of transform
coefficients; quantize the plurality of transform coefficients to generate a plurality of
nonzero transform coefficients, wherein each of the nonzero transform coefficients
has a value of nonzero and at least some of the nonzero transform coefficients are
refinement coefficients, wherein each of the refinement coefficients has the value of
nonzero prior to quantizing; map each refinement coefficient to a ternary refinement
symbol to generate a plurality of refinement symbols, wherein the ternary refinement
symbol has three values and each refinement symbol has one of the three values;
group the refinement symbols in a certain coding order to generate a plurality of
refinement symbol groups; and code the refinement symbol groups using variable
length codes.

In another aspect of the present invention, there is provided a
computer-readable medium comprising executable instructions for coding refinement
coefficients in a signal-to-noise ratio (SNR) scalable enhancement layer of a
compressed video sequence, the instructions comprising: receiving a video
sequence; constructing a prediction of an original video signal in a current frame from
the video sequence; forming a residual signal by subtracting the prediction of the
original video signal from the original video signal in the current frame; applying a
transform to the residual signal so as to convert the residual signal into a domain in
which the residual signal is represented by a plurality of transform coefficients;
quantizing the plurality of transform coefficients to generate a plurality of nonzero
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transform coefficients, wherein each of the nonzero transform coefficients has a value
of nonzero and at least some of the nonzero transform coefficients are refinement
coefficients, wherein each of the refinement coefficients has the value of nonzero
prior to quantizing; mapping each refinement coefficient to a ternary refinement
symbol to generate a plurality of refinement symbols, wherein the ternary refinement
symbol has three values and each refinement symbol has one of the three values;
grouping the refinement symboals in a certain coding order to generate a plurality of
refinement symbol groups; and coding the refinement symbol groups using variable
length codes.

In another aspect of the present invention, there is provided a method
for decoding refinement coefficients in an encoded video sequence comprising:
receiving an encoded video sequence; decoding refinement symbols of the video
sequence using a variable length coding table, wherein the refinement symbols were
encoded using a plurality of refinement coefficients, wherein each refinement
coefficient is mapped to a ternary refinement symbol to generate the refinement
symbols, and wherein the ternary refinement symbol has three values and each
refinement symbol has one of the three values; decoding the refinement coefficients
using the refinement symbols, wherein the refinement coefficients were grouped in a
certain coding order and wherein the refinement coefficients are comprised within a
plurality of transform coefficients; dequantizing the plurality of transform coefficients
to generate a refinement signal; applying an inverse transform to the refinement
signal; and constructing a video sequence using the inverse transform of the
refinement signal.

In another aspect of the present invention, there is provided an
electronic device that is configured to encode refinement coefficients in a signal-to-
noise ratio (SNR) scalable enhancement layer of a compressed video sequence, the
electronic device comprising: means for receiving a video sequence; means for
constructing a prediction of an original video signal in a current frame from the video
sequence; means for forming a residual frame by subtracting the prediction of the

original video signal from the original video signal in the current frame; means for
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applying a transform to the residual signal so as to convert the residual signal into a
domain in which the residual signal is represented by a plurality of transform
coefficients; means for quantizing the plurality of transform coefficients to generate a
plurality of nonzero transform coefficients, where.in each of the nonzero transform
coefficients has a value of nonzero and at least some of the nonzero transform
coefficients are refinement coefficients, wherein each of the refinement coefficients
has the value of nonzero prior to quantizing; means for mapping each refinement the
plurality of transform coefficients to a ternary refinement symbol to generate a
plurality of refinement symbols, wherein the ternary refinement symbol has three
values and each refinement symbol has one of the three values; means for grouping
the refinement symbols in a certain coding order to generate a plurality of refinement
symbol groups; and means for coding the refinement symbol groups using variable
length codes.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Figure 1 illustrates one embodiment of a scalable video coding
bitstream structure;

[0008] Figure 2 illustrates one embodiment of a base layer and a plurality of
enhancement layers being sent from an encoder across a network to a decoder;

[0009] Figure 3 illustrates a method for encoding information;

[0010] Figure 4 illustrates one embodiment of a method to decode an encoded
video sequence;

[0011] Figure 5 illustrates one embodiment of a picture frame divided into a

plurality of macroblocks;

[0012] Figure 6 illustrates one embodiment of classifying significant and
refinement coefficients;
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[0013] Figure 7 illustrates a drawback of one variable length coding (VLC)
refinement coding scheme;
[0014] Figure 8 illustrates one embodiment of a subband-based coding order;
[0015] Figure 9 illustrates one embodiment of refinement symbols that may be

associated with syntaxes used in refinement coding;

[0016] Figure 10 illustrates one embodiment of a variable length coding (VLC)
table;
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[0017] Figure 11 illustrates one embodiment of multiple fine granularity scalability
(FGS) layers;

[0018] Figurc 12 illustratcs onc cmbodiment of a solution to a problem duc to
grouping of refinement coefficients when significance and refinement coding are
interleaved;

[0019] Figure 13 illustrates another embodiment where significance coding and
refinement coding may be interleaved and subband FGS coding order is used;

[0020] Figure 14 illustrates one embodiment of a method of a decoder-based
solution;

[0021] Figurc 15 illustratcs onc cmbodiment of a mcthod of an cncoder-bascd
solution; and

[0022] Figure 16 illustrates a block diagram illustrating major hardware components

typically utilized to process digital images and/or digital video.

DETAILED DESCRIPTION

[0023] A method for coding refinement coecfficients in a signal-to-noise ratio
(“SNR™) scalable enhancement layer of a compressed video sequence is disclosed. A
video sequence is received. A prediction of an original video signal in a current frame
is constructed from the video sequence. A residual signal is formed by subtracting the
prediction of the original video signal from the original video signal in the current
(rame. A transform is applied to the residual signal. A plurality of transform
coefficients is quantized. A refinement coefficient is mapped to a ternary refinement
symbol. Refinement symbols are grouped in a certain coding order. The refinement
symbol groups are coded using variable length codes.

[0024] A variable length coding table is adaptively selected for different
enhancement layers. In an embodiment, the variable length coding table is adaptively
selected based on a probability estimation of the refinement symbols. The selection of a
specific variable length coding table may be based on a level of an enhancement layer.
In an embodiment, the selection of the specific variable length coding table is based on
whether a coefficient is being refined for the first time or whether the coefficient has

been refined in a previous layer.
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[0025] In an embodiment, the method interleaves significant coefficients and
refinement coefficients. A slice is identified that includes a plurality of blocks. The
plurality of blocks may be scanned before the grouping of the refinement coefficients.
An order i1s determined with which the refinement coefficients will be coded. The
refinement coefficients may be stored in a queue according to the order that was
determined.

[0026] In an embodiment, every fixed-number of consecutive refinement
coefficients are coded together using the variable length coding table. 1In an
embodiment, refinement coefficients of a slice are grouped together. A flushing
operation may be performed. The variable length coding table includes a 27-entry
variable length coding table, whercin the group length is three. The subband-bascd
coding order is used on the enhancement layer.

[0027] An electronic device implementing a method for coding refinement
coefficients in an SNR scalable enhancement layer of a compressed video sequence is
also disclosed. The electronic device includes a processor and memory in electronic
communication with the processor. Instructions stored in the memory are included. A
video sequence is received. A prediction of an original video signal in a current frame
is constructed from the video sequence. A residual signal is formed by subtracting the
prediction of the original vidco signal from the original vidco signal in the current
frame. A transform is applied to the residual signal. A plurality of transform
coefficients is quantized. A refinement coefficient is mapped to a ternary refinement
symbol. Refinement symbols are grouped in a certain coding order. The refinement
symbol groups are coded using variable length codes.

[0028] A computer-readable medium including instructions for implementing a
method for coding refinement coefficients in an SNR scalable enhancement layer of a
compressed video sequence is also disclosed. A video sequence is received. A
prediction of an original vidco signal in a current framc is constructed from the vidco
sequence. A residual signal is formed by subtracting the prediction of the original video
signal from the original video signal in the current frame. A transform is applied to the
residual signal. A plurality of transform coelficients is quantized. A relinement

coefficient is mapped to a ternary refinement symbol. Refinement symbols are grouped



CA 02643705 2008-08-22
WO 2007/112341 PCT/US2007/064912

in a certain coding order. The refinement symbol groups are coded using variable
length codes.

[0029] A method for decoding refinement coefficients in an encoded video
sequence is also disclosed. An encoded video sequence is received. Refinement
symbols are decoded using a variable length coding table. Refinement coefficients are
decoded using the refinement symbols, wherein the refinement coefficients were
grouped in a certain coding order. A plurality of transform coefficients is dequantized.
An inverse transform is applied to a refinement signal. A video sequence is
constructed.

[0030] In an embodiment, the encoded video stream includes interleaved significant
symbols and rcfincment symbols. A location of the rcfincment cocfficients being
requested is stored. A sign of the corresponding base layer coefficient is stored. A
counter is incremented that relates to a number of requests made. In an embodiment, it
is determined if the counter reaches a predefined count. A read operation is invoked
causing normal variable length coding table decoding. A group of refinement symbols
are obtained.

[0031] Various embodiments of the disclosure are now described with reference to
the Figures, where like reference numbers indicate identical or functionally similar
clements. The cmbodiments of the present disclosure, as generally described and
illustrated in the Figures herein, could be arranged and designed in a wide variety of
different configurations. Thus, the following more detailed description of several
embodiments of the present disclosure, as represented in the Figures, is not intended to
limit the scope of the disclosure, as claimed, but is mercly representative of the
embodiments of the disclosure.

[0032] Many features of the embodiments disclosed herein may be implemented as
computer software, electronic hardware, or combinations of both. To clearly illustrate
this intcrchangcability of hardwarc and software, various components will be described
generally in terms of their functionality. Whether such functionality is implemented as
hardware or software may depend upon the particular application and design constraints
imposed on the overall system. Skilled artisans may implement the described

functionality in varying ways for each particular application, but such implementation
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decisions should not be interpreted as causing a departure from the scope of the present
disclosure.

[0033] Where the described functionality is implemented as computer software,
such software may include any type of computer instruction or machine-cxecutable
code stored within a memory device and/or transmitted as electronic signals over a
system bus or network. Software that implements the functionality associated with
components described herein may comprise a single instruction, or many instructions,
and may be distributed over several different code segments, among different programs,
and across several memory devices.

[0034] After general video compression techniques, such as prediction, transform,
and quantization, a next step is to perform entropy coding on syntax clements and
quantized coefticients to form a bitstream. In a video decoder, an inverse process is
performed. Syntax elements and the quantized coefficients are decoded from the
bitstream. Then inverse quantization and inverse transform steps are performed.
Finally, a reconstructed residual is added to the prediction to reconstruct the video
signal.

[0035] A Joint Video Team (JVT), which consists of the video coding experts from
ISO/IEC MPEG and ITU-T VCEG, is working on the Scalable Video Coding (SVC)
cxtension to H.264/AVC. Thc common software, called JSVM (Joint Scalable Vidco
Model), is being used by the participants. JSVM supports various scalability features.
An SVC bitstream can have fine-granularity scalability, spatial scalability, temporal
scalability, or any combinations of the three.

[0036] Fine granularity scalability, hereafter referred to as FGS, is an important and
highly desired feature for video coding. This feature allows the compressed video
bitstream to be almost arbitrarily truncated, while at the same time providing the end
user with graceful degradation of the decoded video quality. As the video decoder
rcceives and decodes more bits in this layer, it will producc better video quality.
Moreover, FGS in JSVM has been designed in a way that the improvement in video
quality is evenly spread out across the entire video frame, as opposed to being
concenirated within only a certain spalial area of the [rame, since the latter case will be

visually objectionable to the end viewer.
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[0037] FGS achieves graceful improvement of video quality using bit-plane coding.
If the base or previous layer video frame is quantized using a quantization parameter
QP, then the current enhancement layer video is quantized using a quantization
parameter typically around QP-6, which effectively cuts the quantization step size in
half. As a result of lower quantization step size, more transform coefficients will
become nonzero in the enhancement layer. All of the nonzero coefficients in the
enhancement layer can be classified into three types: mnon-significant coefficients,
significant coefficients, and refinement coefficients. “Non-significant” coefficients
refer to those coefficients that are zero in the enhancement layer, and the corresponding
coefficients in the base or previous layer are zero. “Significant” coefficients refer to
those coefficients that become nonzero in the enhancement layer and the corresponding
coefficients in the base or previous layer are zero. “Refinement” coefficients refer to
those coefficients that are already nonzero (i.e., significant) in the base or previous
layer. Their values will be refined in the current enhancement layer.

[0038] Because refinement coefficients have different statistics from other
coefficients, they are coded separately in the FGS layer. Similar to H.264/AVC, the
SVC draft recommendation also supports two entropy coding modes: the Context-
based Adaptive Binary Arithmetic Coding (CABAC) mode and the Context-based
Adaptive Variable Length Coding (CAVLC) mode. Details for an improved refinement
coefticient coding scheme in the CAVLC mode is provided that is shown to not only
improve coding efficiency, but also greatly reduce implementation complexity for both
the encoder and decoder.

[0039] In the FGS layer, refinement coefficients are sent using two syntax elements:
coeff refinement flag and coeff refinement direction flag. The first syntax element,
coeff refinement flag, specifies whether or not a refinement coefficient level is equal to
0. Without losing generality, it is assumed that if coeff refinement flag is equal to 0
the value of a refinement coefficient level is equal to 0, while coeff refinement flag
equal to 1 specifies that the value of a refinement coefficient level is either equal to —1
or equal to 1. The second element, coeff refinement direction flag, specifies whether
the sign of a transform coefficient refinement level is the same or different from the sign
ol its base or previous layer representation. Without losing generalily, it is assumed that

if coeff refinement direction flag is equal to 0, the sign of the transform coefficient
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refinement level is equal to the sign of the corresponding coefficient in the base layer;
otherwise, the refinement level has the opposite sign.

[0040] In the CAVLC mode, one way of coding the refinement coefficients in the
FGS layer is to process the refinement coefficients block by block. Once the video
coder starts coding the refinement coefficients in a block, all of the refinement
coefficients in the current block are coded before the video coder starts coding other
coefficients. Such a scheme was once adopted in one version of JSVM.

[0041] Table 1 provides such a block-based refinement encoding process

summarized in the following pseudo-code.

// refinement level coding
// vIcTabl is the VLC table to be used for coding refinement level
while (still refinement coefficient left in the current block) {

get the next refinement coefficient in the zig-zag order

let m = level of the coefficient

code the level m using the current vicTabl

update the relinement level stats

update the value of vicTabl

1

flush the refinement level bits left in the bit buffer

// refinement direction flag coding
// vlcTab2 is the VLC table to be used for coding refinement direction
while (still refinement coefficient left in the current block) {
get the next refinement coefficient in the zig-zag order
if(current refinement level is non-zero)
{
if(level has the same sign as base coeff)
let refinement direction s = 0
else
let refinement direction s = 1
code the direction s using the current vicTab2
updatc the refincment direction stats
update the value of vicTab2
}
}

flush the refinement direction bits left in the bit buffer

Table 1

[0042] The refinement decoding process is carried out in the reverse order to

recover the syntaxes coeff refinement flag and coeff refinement direction flag. With
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these two flags, together with the base or previous layer coefficients, the decoder is able
to reconstruct the refinement coefficients. The decoder also maintains and updates
statistical information in buffers in the same way to stay in sync with the encoder.
[0043] In Table 1, vicTab (vlcTabl or vilcTab2) may take one of three valucs,
indicating different ways to perform VLC coding on the refinement flag syntaxes. If
vlcTab = 0, the refinement syntaxes are sent bit by bit (flag coding). If vicTab =1, the
refinement syntaxes are sent in groups of three bits. If vicTab = 2, the refinement
syntaxes are sent in groups of four bits. The value of vicTab is adaptively determined
according to the accumulated statistics of the refinement coefficients in the current
video slice. Also, both the encoder and the decoder keep track of the value of the most
probable symbol (MPS}) and switch the actual symbol being coded if the MPS changes
from 0 to 1 or vice versa.

[0044] The current CAVLC refinement coding method may have relatively high
computational complexity. For example, the current method may need to maintain and
update the accumulated statistics of both refinement syntaxes (level syntax and direction
syntax). The current method may need to update the values of vicTaband MPS. The
current method may need to make sure the probability counts for 0 and 1 will not
overflow by scaling them back when needed. Changing the group length adaptively
may also complicate the implementation.

[0045] Even with its relative high complexity, the current refinement coding may be
inefficient. Simulations show that, for some sequences, the CAVLC refinement coding
can take up to twice as many bits (100% penalty) compared the CABAC refinement
coding, whereas the overall bit rate penalty of using the CAVLC mode instead of
CABAC is usually only around 15% or less. This inefficiency is largely due to the fact
that the CAVLC refinement coding carries out two rounds of bit flushing operations at
the end of each block (one for the level syntax, and the other for the direction syntax).
If a block contains very few refinement coefficients (e.g., only 1 or 2 coefficients), then
the frequent flushing operations may make it impossible to group 3 or 4 bits together,
hence incurring a heavy bit penalty because variable length coding cannot be used
according to this scheme.

[0046] As used herein, the terms "an embodiment"”, "embodiment"”, "embodiments",

"the embodiment”, "the embodiments", "one or more embodiments”, "some
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embodiments", "certain embodiments”, "one embodiment, "another embodiment” and
the like mean "one or more (but not necessarily all) embodiments of the disclosed
disclosure(s)," unless expressly specified otherwise.

[0047] The term "determining" (and grammatical variants thereof) is used in an
extremely broad sense. The term "determining" encompasses a wide variety of actions
and therefore "determining" can include calculating, computing, processing, deriving,
investigating, looking up (e.g., looking up in a table, a database or another data
structure), ascertaining and the like. Also, "determining” can include receiving (e.g.,
receiving information), accessing (e.g., accessing data in a memory) and the like. Also,
"determining" can include resolving, selecting, choosing, establishing, and the like.
[0048] The phrase "bascd on" docs not mcan "bascd only on," unless cxpressly
specified otherwise. In other words, the phrase "based on" describes both "based only
on" and "based at least on."

[0049] Figure 1 illustrates one embodiment 100 of a scalable video coding bitstream
structure referred to as Fine Granularity Scalability (FGS). In FGS, a video sequence is
compressed into a single video stream with at least two layers: a base layer 106 and an
enhancement layer 104. As illustrated, FGS may further include N enhancement layers
102.

[0050] In one embodiment, the base layer 106 is a nonscalable coding of the video
sequence and typically has the lowest quality of the video sequence. The enhancement
layer 104 and the N enhancement layers 102 have varying levels of quality above that of
the base layer 106. Decoding each additional enhancement layer coded alter the base
layer 106 results in an increased quality of the video sequence. In addition, FGS
bitstream has one significant advantage that during or after encoding, the bits pertaining
to the enhancement layer 104 and the N enhancement layers 102 may be truncated
(reducing the bit rate and thus the decoded picture quality) in real time. This provides
flexible control over the transmitted bit rate and allows the ecnhancement layer 104 and
the N enhancement layers 102 to be adjusted to match the available transmission bit
rate.

[0051] Figure 2 is a network block diagram 200 illustrating the base layer 202 and
N enhancement layers 204 being sent from an encoder 208 across a network 210 to a

decoder 212. The decoder 212 may decode and use the base layer 202 and all or
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portions of one or more enhancement layers 204. The decoder 212 constructs an
optimal approximation 214 of the original video sequence 206. In one embodiment, the
optimal approximation 214 is displayed on a display 216 such as a computer monitor,
television, PDA, projector, etc. A video sequence 206 is encoded as a base layer 202
and one or more enhancement layers 204. The lower quality base layer 202 represents
the minimum quality standard and each of the enhancement layers 204 are
improvements upon the base layer 202 picture quality. In one embodiment, the video
sequence 206 is encoded using the FGS video coding format as explained in Figure 1.
The FGS coding format may be particularly useful for video streaming and broadcasting
applications where the available transmission bandwidth may not be known in advance.
During or after encoding, the enhancement layers 204 may be truncated arbitrarily to
match thc availablc transmission bit ratc. As thc available bit ratc changces, thc
enhancement layers 204 can be truncated accordingly in real time to provide the optimal
quality decoded video sequence with respect to the current bandwidth. For example, the
network 200 may truncate the enhancement layers 204 and then send bit streams with
different bit rates to different destinations.

[0052] Figure 3 illustrates a method 300 for encoding information. In one
embodiment, the information to be encoded comprises a video sequence. The method
300 may be carried out within a video encoder, and the inverse of the method 300 may
be exccuted by a video decoder. An encoder is a device uscd to change a signal or data
into a code. The decoder may then produce the original signal or an approximation of
the original signal from the code. The encoder and decoder may be collectively referred
to as a video CODEC, which encodes a source image or video sequence into a
compressed form and decodes this to produce a copy or approximation of the source
sequence.

[0053] The method 300 begins 302 with the encoder receiving 304 the video
sequence. In one embodiment, the video sequence is an uncompressed video signal.
The cncoder begins to compress the vidco sequence by cxploiting the similaritics
between neighboring video frames and constructing 306 a prediction of the current
video signal. The prediction is formed from one or more previous or future frames and
is improved by compensating f(or dillerences between the [rames. A residual signal is

then formed 308 by subtracting the prediction frame from the actual current frame. The
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encoder makes use of the similarities between neighboring samples of the prediction
residual to reduce spatial redundancy.

[0054] The method 300 continues by applying 310 a transform to the residual signal
to reduce remaining spatial redundancy. The transform converts the prediction residual
signals into another domain in which they are represented by transform coefficients.
The coefficients are quantized 312 to remove insignificant values, leaving a small
number of significant coefficients that provide a more compact representation of the
residual samples. In one embodiment, the coefficients are quantized using QP-6, which
effectively reduces the quantization step size in half. As a result of a reduced quantized
step size, an increased quantity of transform coefficients will become nonzero in the
current frame. For example, the prediction residual being encoded using the method
300 may be in an enhancement layer. If the previous layer of the video frame or the
base layer of the video frame were quantized 312 using the quantization parameter QP,
then the current enhancement layer is quantized312 using QP-6.

[0055] In one embodiment, the nonzero quantized coefficients in the enhancement
layer may be classified as non-significant, significant, or refinement coefficients. “Non-
significant” coefficients refer to those coefficients that are zero in the base or previous
layer and remain zero in the current enhancement layer. “Significant” coefficients refer
to those coefficients that are zero in the base or previous layer but become nonzero
coefticients in the current enhancement layer. “Refinement” coefticients refer to those
coefficients that are already nonzero in a base or previous layer. In one embodiment,
cach refinement coefficient is mapped 313 to a ternary refinement symbol. The ternary
refinement symbol may have one of three values. The encoder scans the current
enhancement layer and groups 314 the refinement symbols in a certain coding order. In
one embodiment, the encoder groups 314 the consecutive refinement symbols in the
subband-based coding order. Each group of refinement symbols is referred to as a
“Refinement Symbol Group.” The encoder then codes 316 the Refinement Symbol
Groups and adds thesc codes to the bitstrcam. In onc embodiment, the encodcer codes
316 a Refinement Symbol Group using a variable length code (VLC) from a VLC table.
In another embodiment, the VLC table used to encode one Refinement Symbol Group
may be dynamically selected [rom a set of VLC tables, based on the current estimation

of the statistical distribution of the refinement coefficients.
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[0056] In an additional embodiment, the encoder may encode the refinement
symbols from multiple enhancement layers. For example, the encoder may encode
multiple enhancement layers under the FGS coding format. In one embodiment, the
Refinement Symbol Groups from the multiple FGS enhancement layers are coded using
an adaptive VLC table selection. In another embodiment, the VLC table is fixed for one
FGS layer, but may be different from the VLC table used in another FGS layer.

[0057] Figure 4 illustrates one embodiment of a method 400 to decode an encoded
video sequence. The decoding method 400 may be an inverse of the encoding method
300 of Figure 3. The decoding method 400 begins 402 by a decoder receiving 404 the
encoded video sequence. The encoded video sequence may also be referred to as the
bitstrcam. The dccoder decodes 406 the Refinement Symbol Groups using the VLC
table. If the Refinement Symbol Groups are encoded using the adaptive VLC tables
based on the statistical distribution of the refinement coefficients, the same statistical
information is used in the decoder to select the correct VLC table. If encoded
refinement symbols from multiple enhancement layers are received by the decoder, the
decoder may adapt the VLC table used to decode the refinement symbols according to
their respective enhancement layers.

[0058] The method 400 continues and the decoder decodes 408 the refinement
cocfficicnts using the recently decoded refinement symbols. The decoder then proceeds
to dequantize 410 the decoded refinement coetticients before they are added back to the
base or previous layer dequantized coefficients. The method 400 proceeds by applying
412 an inverse transform to the dequantized coefficients. In one embodiment, the
inverse transform may include the inverse discrete cosine transform. After the decoder
applies 412 the inverse transform to the refinement coefficients, the decoder constructs
414 an approximation of the original video sequence as it existed before the encoding
method 300 of Figure 3.

10059] Figurc 5 illustratcs onc cmbodiment of a vidco framc 500 divided into a
plurality of macroblocks. Macroblocks are the basic data units in the decoding process.
As illustrated, the video frame 500 may be partitioned into the plurality of fixed-sized
macroblocks that each includes a sample of the video (rame 500. In one embodiment,
each macroblock includes a sample of 16x16 pixels. In an additional embodiment, each

macroblock includes a luminance (luma) component and two chrominance (chroma)
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components. The luma component relates to the brightness of the particular sample
while the chroma components relate to the color characteristics of the sample. In one
embodiment, the video frame 500 is further partitioned into a plurality of slices, slice A
502, slice B 504, and slice C 506. A slice is a sequence of macroblocks which are
processed consecutively in a certain coding order. For example, slice A 502 and the
macroblocks contained within slice A 502, may be encoded and sent to the decoder
belore slice B 504 and slice C 506. In an additional embodiment, the order of encoding
the various slices 502, 504, and 506 and sending them to the decoder may be arbitrary.
For example, slice B 504 may be encoded sent to the decoder before the other slices.
Similarly, slice C 506 may be encoded and sent to the decoder before the other two
slices. Each macroblock in the N enhancement layers corresponds to a macroblock in
cach of thc N-1 cnhancement laycrs and basc laycr.

[0060] Figure 6 illustrates an example of how to classify coefficients. A base layer
coefficient block 602 and an enhancement layer coefficient block 604 are provided.
The blank spaces in the base layer 602 and the enhancement layer 604 represent
coefficients of zero. These coefficients are referred to as non-significant coefficients.
The remaining spaces, 606, 608, 608a, and 608b each represent a coefficient that may
have a nonzero value. In one embodiment, the base layer coefficient block 602 is in
previous enhancement layer using the FGS video coding format. As previously
cxplained, during the cncoding mcthod 300 of Figurc 3, transform cocfficicnts arc
quantized. After quantization, the nonzero coefticients in the enhancement layer
coefficient block 604 that their corresponding coefficients in the base layer coefficient
block 602 are zero are referred to as significant coefficients 606. These coellicients
whose corresponding coefficients in the base layer are nonzero are referred to as
refinement coefficients 608. Because significant coefficients 606 and refinement
coefficients 608 have different statistics, they are coded separately in the enhancement
layer 604 following the FGS coding format.

[0061] In onc ecmbodiment, significant cocfficicnts 606 arc thosc cocfficicnts whosc
corresponding coefficients 606a and 606b (the coefficient representing the same
subband) in the base or previous layer are zero. Refinement coefficients 608 are those
coellicients whose corresponding coellicients 608a and 608b in the base or previous

layer are nonzero.
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[0062] Figure 7 illustrates a drawback 700 of the current CAVLC refinement coding
scheme in which the block-by-block coding order is used. The block-by-block order
will inherently generate spatially uneven quality improvement within the video frame
710. As shown in Figure 7, when the bitstream 708 is truncated, all the video blocks
represented in the bitstream 708 prior to truncation 704 (blocks 0, 1, ... n-1) will have
better video quality 712 compared to the video blocks 706 (blocks n and on) whose
refinement coefficients are lost during truncation 714. A better order to encode these
refinement coefficients is to use the subband-based coding order, which is detailed in
the next Figure.

[0063] Figure 8 illustrates one embodiment of the subband-based coding order 800.
In onc cmbodiment, a first block 802, a sccond block 804, and a third block 806 arc
three blocks of coefficients in the same enhancement layer. In one embodiment, the
blocks 802, 804, and 806 are blocks in the first FGS enhancement layer such that the
subband-based FGS coding order 800 may be extended to and used on the first FGS
layer. Compared to the block-based order, the subband-based coding order 800 sends
refinement coefficients according to the transform domain subband they belong to. In
one embodiment, the notation Bx,y illustrated in the blocks 802, 804, and 806 may
represent a coefficient in subband y and in block x. For example, B0,0 represents a
coefficient in the first subband (subband 0) and in the first block 802.

[0064] In one embodiment, the encoder first encodes any refinement coctticients
present at positions B0,0, B1,0, and B2,0. The encoder then encodes any refinement
coefficients present at positions B0,1, B1,1, and B2, 1, and so forth. The subband
coding order 800 facilitates the refinement coefficients to be encoded and sent
according to the transform domain subband they belong to. Using the subband coding
order 800 results in more even quality improvement spatially as more refinement bits
are received.

[0065] Figurc 9 illustratcs onc cmbodiment 900 of refinement symbols (ref symbol)
906 that may be associated with the two syntaxes used in refinement coding,
coeff refinement flag 902 and coeff refinement dir flag 904.  As previously
explained, i a refinement coellicient has the value of 0, the syntax element
coeff refinement flag 902 is assigned the value of 0. Accordingly, the ref symbol 906

assigned is also 0. If the refinement coefficient has a nonzero value, the coeff ref flag
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902 is assigned the value of 1. If the ief'mement coefficient has the same sign as the
corresbohding refinement coefficient in the base layer or previous enhancement layer,
the coeff_ref dir_flag 904 is assigned ﬁe value of 0. If the sign of the refinement
coefficient in the base layer or previous enhancement layer is opposite the sign of the
refinement coefficient in the current layer being encoded, the coeff_ref_dir_flag 904 is
assigned the value of 1. In another embodiment, the parameters defining the value of
the coeff_ief_dig_ﬂag 904 are reversed.

[0066]  If the coeff ref dir_flag 904 is assigned the value of 0, the ref_symbol 906
is assigned the value of ‘l and if the coeff ref dir_flag 904 is assigned the value of 1,
the ref_symbol 906 is assigned the value of 2. The values of the ref symbol 906 are
then encoded and included in the bitstream. One embodimem of encoding the values of
the ref_symbol 906 is provided below. | -

[0067)  Figure ‘10 illustrates one embodiment of a variable length 'coding (VLC)
table 1000 used to éﬁcode the values of the reﬂnement'symbols as explained in Figure 9.
Under the subband coding order, consecutive refinement symbols may be grouped
together and a Refinement Symbol Group 1002 is encoded using the VLC table 1000.
The table 1000 includes a plurality of entries. Each entry has a value of a Refinement
Symbol Group 1002 as explained in Figure 9, a code length 1004 of variable length
code for coding the Ref'mement Symbol Group 1002 of a particular value, and a code
wo‘rd;‘I 006 of the variable length code for coding the Refinement-Symbol Group 1002
of a particular value. The code word 1006.is then included in the bitstream and sent to
the decoder. '

{0068]  In one embodiment, a single VLC table like the table 1000 is used <n
'reﬁnerﬁent coding, it is not necessary for the encoder and the decoder to constantly
accumulate and update refinement symbol statistics, thus, the computational complexity
may be greatly reduced. In another embodiment, a VLC table is selected from multiple
tables based on the estimation of the statistical distribution of the | refinement
coefficients, the performance can be improved with additional complexity of probability
estimation and table selection. M

[0069]  Referring now to Figure 11, current SVC standards allow multiple layers on
top of a discrete base layer 1102. When there is more than one FGS layer 1104 and
‘1 106, starting from the second FGS layer 1106 and going up, all refinement coefficients
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belong to one of two classes: the “old” refinement coefficients are those that already
have refinement coefficients in the previous FGS layer 1104, and the “new” refinement
coefficients are those that just became significant in the previous FGS layer 1104 and
are just entering the refinement stage in the current layer 1106. Figure 11 provides an
example of having two FGS layers 1104 and 1106. The first FGS layer 1104 contains
significant coefficients 1108 as well as refinement coefficients 1110. The second FGS
layer 1106 includes “old” refinement coelficients 1112 as well as “new” relinement
coefficients 1114. The coefficient 1116 is new significant coefficient in the second FGS
layer 1106. The remaining blank positions are non-significant coefficients that have no
nonzero values.

[0070] The two types of refinement coefficients 1112 and 1114 have different
symbol probability distributions. Therefore, in one embodiment, it is better to use
different VLC tables to encode them. Furthermore, different VL.C coding tables may be
used depending on the level of the current FGS layer. For example, a different VLC
table may be used to encode the refinement coefficients included in the second FGS
layer 1106 than that used to used the refinement coefficients included in the first FGS
layer 1104. Hence, a coding table more tuned for such probability distribution should
be used to improve performance. Such VLC table adaptation has very low complexity
as it is solely based on the refinement coefficient class and the FGS layer level, rather
than rclying on collccting and updating the symbol statistics. In another embodiment,
VLC table can be sclected dynamically based on the estimation of the statistical
distribution of the refinement coefficients for the current FGS layer.

[0071] Figure 12 illustrates one embodiment 1200 of a solution to the problem due
to grouping of refinement symbols when significance and refinement coding are
interleaved. In FGS coding, the significance coding pass and the refinement coding
pass for different blocks are usually interleaved together. One reason for this is that one
block might contain fewer significant coefficients than the other block. When the
significance coding pass of a certain block is over, the refincment pass for this block
will start next, while the block next to this one will still be going through its
significance coding pass. In one embodiment, the significance coding (of S0,0 and then

EOB) [or block A 1202 is over afler two rounds. Then the refinement coding of R0,0
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(and later RO,1) will start. But at the same time the significance coding of block B 1204
(coefficients S1,2 and EOB) is still ongoing.

[0072] Another reason for interleaved significance and refinement coding is the use
of the subband coding order. Figure 13 illustrates another embodiment 1300 where
significance coding and refinement coding may be interleaved. In one embodiment, the
coefficients are scanned in subbands. For example, when scanning the O-th subband
1306, block A 1302 contains a significance coefficient S0,0. Hence, significance
coding of S0,0 is carried out. Similarly, when the 0-th subband 1306 of block B 1304 is
scanned, refinement coding of refinement coefficient R1,0, is carried out.

[0073] This behavior of interleaved significance and refinement coding generates a
problem when the refincment coding is donc by grouping of multiple (for cxamplc,
three) refinement coefficients. At the encoder side, three refinement symbols are
buffered up before a VLC code word is sent out. But at the decoder side, whenever the
decoding of a refinement coefficient is encountered, the decoder will attempt to read
from the bitstream a VLC code word representing a group of three refinement symbols.
But this code word is still buffered in the encoder’s encoding buffer and has not yet
been sent. The loss of sync between the encoder and the decoder means such a coding
scheme (grouping of refinement symbols when significance and refinement passes are
interleaved) will fail. Two solutions are provided to solve this problem and are
provided below.

[0074] Figure 14 illustrates a method of a decoder-based solution 1400 that requires
no change at the encoder side. The encoder may always try to group every three
refinement symbols together before sending out a codeword. At the decoding side, when
a refinement coefficient is requested, the following operations are carried out. The
method 1400 begins by initializing 1402 a counter to zero. The location of the
refinement coefficient being requested is stored 1404, the sign of the corresponding
base layer coefficient is stored 1406, a counter (initialized to zero at the start of the slice
decoding) is incremented to keep track of how many such requests have been made
1408, if this counter reaches three 1410, a “read” operation is invoked 1412 and normal
VLC decoding is carried out. A group of three refinement symbols are returned, which

are then dispensed back to the corresponding coelficient locations as previously stored
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1414, and the counter is resct to zero 1416. If the counter is not yet three 1410, the
method 1400 returns to step 1402 and continues on.

[0075] While the decoder-side solution places more burdens on the decoder, the
encoder-side solution has minimal complexity impact on the decoder. The basic
concept is that the encoder always sends in advance multiple (for example, three)
refinement coefficients, the decoder is guaranteed to have sufficient refinement symbols
exist in the buffer when a refinement coefficients is requested. Figure 15 illustrates a
method 1500 of one type of encoder-based solution. The encoder pre-scans 1502 a
certain number of blocks in the slice and determines the order 1504 with which all the
refinement coefficients will be sent during the actual coding stage. Along the way the
refinement coefficients are stored 1506 in a queue according to this coding order. At the
coding stage, when a refinement coefficient needs to be sent, it is determined 1508
whether it has been grouped together with previous coefficient(s) and already sent out.
If so, then no action is taken 1510; otherwise, this refinement coefficient is sent 1512
together with the two coelficients immediately next to it in the queue. The method 1500
continues on until the coding pass is over.

[0076] Note that both the encoder-based and the decoder-based solutions apply to
any type of interleaving of the significance pass and the refinement pass from different
blocks, including but not limited to the two coding orders currently supported in the
SVC draft recommendation. These two solutions also apply to grouping of any number
of refinement symbols, and are not just limited to grouping of three symbols.

[0077] It should be also noted that both the decoder-based and encoder-based
solutions can be applied to the block-based refinement coding as defined in SVC Joint
Draft 5 (JD5), thus making it unnecessary to flush out the remaining refinement bits
stored in the buffer at the end of every block. For the decoder-based solution, a further
change at the encoder side can guarantee encoder and decoder synchronization. Because
the block-based refinement coding scheme in JD5 adapts the VLC table, the number of
grouped refinement symbols can change among 1, 3, and 4. At the end of a block, the
encoder should suspend the VLC table adaptation until it encounters sufficient number
of refinement coefficients (this will happen some time later as the encoder carries out
the refinement coding of the subsequent blocks). When sullicient refinement

coefficients have been encountered to invoke a write operation of a VLC code word, the
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encoder can resume the normal VLC table adaptation. Under this scheme, the frequent
flushing operation (done one every block) as used in the current refinement coding can
be minimized, and coding performance can be greatly improved.

|0078] At the end of coding a certain number of refinement coefficients, a flushing
operation may be used if the number of remaining refinement coefficients is not zero
and is less than the group size used in a typical coding process. One way of performing
the flushing operation is to add the most probable symbols to make a complete group,
and code the last group as other groups. For example, assume that the typical group
size is assumed to be 3, that there is one remaining coefficient to be coded in the
flushing operation, and that the symbol is 2. The group (2, 0, 0) will be coded,
assuming the symbol “0” is the most probable symbol in the ternary symbol set. At the
decoder side, these padded symbols are discarded. Flushing operations may also be
performed more frequently to reduce the implementation complexity. A group of
refinement coefficients that are coded together are from different locations. Limiting
the distance among the coellicients in the same group will result in some un-grouped
symbols that need to be handled by flushing operations. In another embodiment,
instead of forming a complete group by adding the most probable symbols which will
be discarded by the decoder, the VLC tables designed for coding smaller groups are
used. This may be used when the number of refinement coefficients to be flushed will
be known cxactly by the decoder. Assumc the group size is 3, and there is only onc
coefficient “R” to be flushed. Instead of coding the group (R, 0, 0) using the VLC
tables for coding group of 3 symbols, it is more efficient to use a special VLC table.
For example, a refinement symbol of value “0” is coded as “1”, a refinement symbol of
value “1” is coded as “01” and a refinement symbol of value “2” is coded as “00”.
Similarly, if the group size is 3, and there are two coefficients, “R1” and “R2”, to be
flushed. Instead of coding the group (R1, R2, 0), different VLC tables can be used for
coding the smaller group (R1, R2). In one embodiment, the Exponential-Golomb code
1s uscd for coding the index of the group which is calculated as R1*3 + R2. 1t is to be
noted that equivalently the index of the group coded can also be formed as R1 + R2 * 3.
[0079] Figure 16 illustrates a device 1600 configured to process digital images
and/or digital video. The device 1600 may represent or be implemented in a digital

television, a digital direct broadcast system, a wireless communication device, a
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personal digital assistant (PDA), a laptop computer, a desktop computer, a digital
camera, a digital recording device, a network-enabled digital television, a cellular or
satellite radio telephone, or any telecommunication device with video telephony (VT)
capabilities.

[0080] The device 1600 may process, encode, decode, transmit and/or receive
image and/or video data. The video data may be captured by a video camera, such as a
video capture unit (or image sensor) 1612, retrieved from a video archive, or obtained in
another manner. A video coding unit 1610 in the device 1600 may use a video coding
standard such as MPEG-4, ITU-T H.263, ITU-T H.264, or any other video coding
standard. The video coding unit 1610 may support inter-frame coding techniques, such
as motion estimation and motion compensation, and intra-frame coding techniques, such
as spatial estimation and intra-prediction coding techniques.

[0081] The device 1600 may include an image/video capture device 1612, such as a
camera or video camera, to capture images or video sequences and store the captured
images or sequences in a memory 1614. An image/video processing unit 1602 may
process images and/or video sequences. The memory 1604 may store the images and/or
video sequences before and after such processing.

[0082] A transceiver 1616 may receive and/or transmit coded video sequences to
another device. The transceiver 1616 may usc a wircless communication standard such
as code division multiple access (CDMA). Examples ot CDMA standards include
CDMA 1xEV-DO, WCDMA, etc.

[0083] One or more elements of the device 1600 may be communicatively coupled
via a communication bus 1618. In addition to or instead of the elements shown in FIG.
16, other elements may be included in the device 1600. The architecture illustrated in
FIG. 16 is merely an example. The techniques described herein may be implemented
with a variety of other architectures.

[0084] The memory 1614 may have a rclatively large memory spacc. The memory
1614 may comprise dynamic random access memory (DRAM), or FLASH memory.
The memory 1614 may comprise “NOR” or “NAND” gate memory technology, or any
other data storage technology. In other examples, the memory 1614 may comprise a

non-volatile memory or any other type of data storage unit.
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[0085] The image/video processing unit 1602 may comprise a chip set for a mobile
radiotelephone, which may include hardware, software, firmware, and/or one or more
microprocessors, digital signal processors (DSPs), application specific integrated
circuits (ASICs), ficld programmable gate arrays (FPGAs), or various combinations
thereof. The processing unit 1602 may include a local memory 1604 coupled to a front-
end image/video processing unit 1608 and an image/video coding unit 1610. The
coding unit 1610 may comprise an encoder/decoder (CODEC) for encoding (or
compressing) and decoding (or decompressing) digital video data.

[0086] The local memory 1604 may comprise a smaller and faster memory space
relative to the memory 1614, For example, the local memory 1604 may comprise
synchronous dynamic random access memory (SDRAM). The local memory 1604 may
comprise “on-chip” memory integrated with the other components of the processing
unit 1602 to provide fast access to data during a processor-intensive coding process.
However, the memories 1614 and 1604 may be combined into one memory, or may be
implemented in a number of other configurations. A memory controller 1606 may
control memory fetches and write-backs to the local memory 1604.

[0087] The front-end image/video processing unit 1608 may perform one or more
image processing techniques on the frames of a video sequence to improve image
quality, and thercby improve the quality of a vidco scquence.  For cxample, the
front-end image/video processing unit 1608 may perform techniques such as
demosaicing, lens rolloff correction, scaling, color correction, color conversion, and
spatial filtering. The front-end image/video processing unit 1608 may also perform
other techniques. In general, the techniques performed by the unit 1608 are referred to
as “front-end” image processing techniques because the techniques precede coding by
the image/video coding unit 1610.

[0088] The image/video capture unit 1612 may comprise image sensors that include
color filter arrays (CFAs) arranged on a surface of thc scnsors. Front-cnd imagce
processing performed by the unit 1608 may improve the quality of the video sequence
captured by the capture unit 1612. For example, the front-end processing unit 1608
and/or the coding unit 1610 may comprise a DSP programmed to process images
captured by the capture unit 1612. The same area of memory 1604 (or memory 1614)

may used for both front-end image processing purposes and for other storage purposes.
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[0089] The image/video coding unit 1610 may perform image and/or video coding,
which may include one or more video compression techniques, such as inter-frame
compression and/or intra-frame compression. For example, the coding unit 1610 may
implement motion estimation and motion compensation techniques to exploit temporal
or inter-frame data correlation to provide inter-frame compression. Alternatively or
additionally, the coding unit 1610 may perform spatial estimation and intra-prediction
techniques to exploit spatial or intra-frame data correlation to provide intra-frame
compression. The output of motion compensation (or intra-prediction) is referred to as
“residual,” and may comprise a block of data indicative of differences between a current
video block to be coded and a prediction block identified by motion estimation or
spatial estimation.

[0090] After the coding unit 1610 performs motion compensation (or
intra-prediction) to create the residual, a series of additional steps may be performed to
further code the residual and further compress the data. The additional steps may
depend on the coding standard being used, but are generally referred to as “residual
coding.” The coding unit 1610 may perform one or more of these video compression
techniques to reduce the amount of data needed to communicate a video sequence to
another device via the transceiver 1616.

[0091] Information and signals may bc represented using any of a varicty of
different technologies and techniques. For example, data, instructions, commands,
information, signals, bits, symbols, and chips that may be referenced throughout the
above description may be represented by voltages, currents, electromagnetic waves,
magnetic fields or particles, optical fields or particles, or any combination thereof.
[0092] The various illustrative logical blocks, modules, circuits, and algorithm steps
described in connection with the embodiments disclosed herein may be implemented as
electronic hardware, computer software, or combinations of both. To clearly illustrate
this intcrchangcability of hardwarc and softwarc, various illustrative componcnts,
blocks, modules, circuits, and steps have been described above generally in terms of
their functionality. Whether such functionality is implemented as hardware or software
depends upon the particular application and design constraints imposed on the overall

system. Skilled artisans may implement the described functionality in varying ways for
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each particular application, but such implementation decisions should not be interpreted
as causing a departure from the scope of the present disclosure.

[0093] The various illustrative logical blocks, modules, and circuits described in
connection with the embodiments disclosed herein may be implemented or performed
with a general purpose processor, a digital signal processor (DSP), an application
specific integrated circuit (ASIC), a field programmable gate array signal (FPGA) or
other programmable logic device, discrete gate or transistor logic, discrete hardware
components, or any combination thercof designed to perform the functions described
herein. A general purpose processor may be a microprocessor, but in the alternative, the
processor may be any conventional processor, controller, microcontroller, or state
machine. A processor may also be implemented as a combination of computing
devices, e.g., a combination of a DSP and a microprocessor, a plurality of
MICTOProcessors, one or more microprocessors in conjunction with a DSP core, or any
other such configuration.

[0094] The steps of a method or algorithm described in connection with the
embodiments disclosed herein may be embodied directly in hardware, in a software
module executed by a processor, or in a combination of the two. A software module
may reside in RAM memory, flash memory, ROM memory, EPROM memory,
EEPROM memory, registers, hard disk, a removable disk, a CD-ROM, or any other
form of storage medium known in the art. A storage medium is coupled to the
processor such that the processor can read information from, and write information to,
the storage medium. In the alternative, the storage medium may be integral to the
processor. The processor and the storage medium may reside in an ASIC. The ASIC
may reside in a user terminal. In the alternative, the processor and the storage medium
may reside as discrete components in a user terminal.

[0095] The methods disclosed herein comprise one or more steps or actions for
achieving the described method. The method steps and/or actions may be interchanged
with one another without departing from the scope of the present disclosure. In other
words, unless a specific order of steps or actions is required for proper operation of the
embodiment, the order and/or use of specific steps and/or actions may be modified

without departing (rom the scope of the present disclosure.
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[0096]  While specific embodiments and applications of the present disclosure have
been illustrated and described, it is to be understood that the disclosure is not limited to
the precise configuration and components disclosed herein. Various modifications,
changes, and variations which will be apparent to those skilled in the art may be made
in the arrangement, operation, and details of the methods and systems of the present
disclosure disclosed herein without departing from the scope of the claims.

10097] ‘What is claimed is:
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CLAIMS:
1. A method for coding refinement coefficients in a signal-to-noise ratio

(SNR) scalable enhancement layer of a compressed video sequence comprising:
receiving a video sequence;

constructing a prediction of an original video signal in a current frame
from the video sequence;

forming a residual signal by subtracting the prediction of the original
video signal from the original video signal in the current frame;

applying a transform to the residual signal so as to convert the residual
signal into a domain in which the residual signal is represented by a plurality of
transform coefficients;

quantizing the plurality of transform coefficients to generate a plurality of
nonzero transform coefficients, wherein each of the nonzero transform coefficients
has a value of nonzero and at least some of the nonzero transform coefficients are
refinement coefficients, wherein each of the refinement coefficients has the value of
nonzero prior to quantizing;

mapping each refinement coefficient to a ternary refinement symbol to
generate a plurality of refinement symbols, wherein the ternary refinement symbol

has three values and each refinement symbol has one of the three values;

grouping the refinement symbols in a certain coding order to generate a
plurality of refinement symbol groups; and

coding the refinement symbol groups using variable length codes.

2. The method of claim 1, further comprising using a variable length
coding table adaptively selected for different enhancement layers.
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3. The method of claim 1, further comprising using a variable length
coding table adaptively selected based on a probability estimation of the refinement
symbols.

4, The method of claim 2, wherein the selection of a specific variable
length coding table is based on a level of an enhancement layer.

5. The method of claim 4, wherein the selection of the specific variable
length coding table is based on whether a coefficient is being refined for the first time
or whether the coefficient has been refined in a previous layer.

6. The method of claim 1, wherein the method interleaves significant
coefficients and refinement coefficients, further comprising:

identifying a video slice that includes a plurality of blocks;

scanning the plurality of blocks before the grouping of the refinement
coefficients;

determining an order with which the refinement coefficients will be
coded; and

storing the refinement coefficients in a queue according to the order that
was determined.

7. The method of claim 1, further comprising identifying a video slice that
includes a plurality of blocks.

8. The method of claim 7, further comprising scanning the plurality of
blocks before the grouping of the refinement coefficients.

9. The method of claim 1, further comprising determining an order with
which the refinement coefficients will be coded.

10. The method of claim 9, further comprising storing the refinement
coefficients in a queue according to the order that was determined.
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11. The method of claim 1, wherein every fixed-number of consecutive
refinement coefficients are coded together using the variable length coding table.

12. The method of claim 7, further comprising grouping refinement
coefficients of the video slice together.

13. The method of claim 1, further comprising performing a flushing
operation.
14. The method of claim 13, wherein the flushing operation includes adding

one or more most probable symbols to one or more refinement symbols to make a
complete group.

16. The method of claim 13, wherein the flushing operation includes using a
variable length coding table which is selected based on the number of refinement
coefficients to be processed in the flushing operation.

16. The method of claim 1, wherein the variable length coding table
comprises a 27-entry variable length coding table, wherein the group length is three.

17. The method of claim 1, further comprising using the subband-based
coding order on the enhancement layer.

18. An electronic device that is configured to encode refinement coefficients
in a signal-to-noise ratio (SNR) scalable enhancement layer of a compressed video
sequence, the electronic device comprising:

a processor;
memory in electronic communication with the processor;
instructions stored in the memory, the instructions being executable to:

receive a video sequence;
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construct a prediction of an original video signal in a current frame from
the video sequence;

form a residual frame by subtracting the prediction of the original video
signal from the original video signal in the current frame;

apply a transform to the residual signal so as to convert the residual
signal into a domain in which the residual signal is represented by a plurality of
transform coefficients;

quantize the plurality of transform coefficients to generate a plurality of
nonzero transform coefficients, wherein each of the nonzero transform coefficients
has a value of nonzero and at least some of the nonzero transform coefficients are
refinement coefficients, wherein each of the refinement coefficients has the value of
nonzero prior to quantizing;

map each refinement coefficient to a ternary refinement symbol to
generate a plurality of refinement symbols, wherein the ternary refinement symbol
has three values and each refinement symbol has one of the three values;

group the refinement symbols in a certain coding order to generate a
plurality of refinement symbol groups; and

code the refinement symbol groups using variable length codes.

19. The electronic device of claim 18, wherein the instructions are further
executable to use a variable length coding table adaptively selected for different
enhancement layers.

20. The electronic device of claim 18, wherein the electronic device is
configured to interleave significant coefficients and refinement coefficients, and
wherein the instructions are further executable to:

identify a video slice that includes a plurality of blocks;
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scan the plurality of blocks before the grouping of the refinement
coefficients;

determine an order with which the refinement coefficients will be coded;
and

store the refinement coefficients in a queue according to the order that
was determined.

21. A computer-readable medium comprising executable instructions for
coding refinement coefficients in a signal-to-noise ratio (SNR) scalable enhancement
layer of a compressed video sequence, the instructions comprising:

receiving a video sequence;

constructing a prediction of an original video signal in a current frame
from the video sequence;

forming a residual signal by subtracting the prediction of the original
video signal from the original video signal in the current frame;

applying a transform to the residual signal so as to convert the residual
signal into a domain in which the residual signal is represented by a plurality of
transform coefficients;

quantizing the plurality of transform coefficients to generate a plurality of
nonzero transform coefficients, wherein each of the nonzero transform coefficients
has a value of nonzero and at least some of the nonzero transform coefficients are
refinement coefficients, wherein each of the refinement coefficients has the value of
nonzero prior to quantizing;

mapping each refinement coefficient to a ternary refinement symbol to
generate a plurality of refinement symbols, wherein the ternary refinement symbol
has three values and each refinement symbol has one of the three values;
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grouping the refinement symbols in a certain coding order to generate a
plurality of refinement symbol groups; and

coding the refinement symbol groups using variable length codes.

22, A method for decoding refinement coefficients in an encoded video
sequence comprising:

receiving an encoded video sequence;

decoding refinement symbols of the video sequence using a variable
length coding table, wherein the refinement symbols were encoded using a plurality
of refinement coefficients, wherein each refinement coefficient is mapped to a ternary
refinement symbol to generate the refinement symbols, and wherein the ternary
refinement symbol has three values and each refinement symbol has one of the three
values;

decoding the refinement coefficients using the refinement symbols,
wherein the refinement coefficients were grouped in a certain coding order and
wherein the refinement coefficients are comprised within a plurality of transform
coefficients;

dequantizing the plurality of transform coefficients to generate a
refinement signal;

applying an inverse transform to the refinement signal; and

constructing a video sequence using the inverse transform of the
refinement signal.

23. The method of claim 22, further comprising using different variable
length coding tables adaptively selected for different enhancement layers.

24, The method of claim 22, wherein the encoded video stream includes
interleaved significant symbols and refinement symbols, further comprising:
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storing a location of the refinement coefficient being requested:;

storing a sign of the corresponding base layer coefficient; and

incrementing a counter that relates to a number of requests made.
25. The method of claim 24, further comprising:

determining if the counter reaches a predefined count; and

invoking a read operation and causing normal variable length coding
table decoding to obtain a group of refinement symbols.

26. The method of claim 25, further comprising storing the group of
refinement symbols to the corresponding locations as previously stored.

27. "~ The method of claim 22, further comprising performing a flushing
operation.
28. The method of claim 27, wherein the flushing operation includes

discarding padded symbols.

29. The method of claim 27, wherein the flushing operation includes using a
variable length coding table which is selected based on the number of refinement
coefficients to be processed in the flushing operation.

30. An electronic device that is configured to encode refinement coefficients
in a signal-to-noise ratio (SNR) scalable enhancement layer of a compressed video
sequence, the electronic device comprising:

means for receiving a video sequence;

means for constructing a prediction of an original video signal in a
current frame from the video sequence;
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means for forming a residual frame by subtracting the prediction of the
original video signal from the original video signal in the current frame;

means for applying a transform to the residual signal so as to convert
the residual signal into a domain in which the residual signal is represented by a
plurality of transform coefficients;

means for quantizing the plurality of transform coefficients to generate a
plurality of nonzero transform coefficients, wherein each of the nonzero transform
coefficients has a value of nonzero and at least some of the nonzero transform
coefficients are refinement coefficients, wherein each of the refinement coefficients
has the value of nonzero prior to quantizing;

means for mapping each refinement the plurality of transform
coefficients to a ternary refinement symbol to generate a plurality of refinement
symbols, wherein the ternary refinement symbol has three values and each
refinement symbol has one of the three values;

means for grouping the refinement symbols in a certain coding order to
generate a plurality of refinement symbol groups; and

means for coding the refinement symbol groups using variable length
codes.
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Filing Fees for Utility under 35 USC111(a)
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Basic Filing:
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Miscellaneous-Filing:

Petition:
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Extension-of-Time:
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Title of Invention: ENTROPY CODING

First Named Inventor/Applicant Name: Jani LAINEMA
Customer Number: 10949
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Filer Authorized By: Jonathan Abbott Thomas
Attorney Docket Number: 042933/442419
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Payment information:
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Payment Type Deposit Account
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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.




Attorney's Docket No. 042933/442419

PATENT
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
In re: Jani Lainema Confirmation No.: 5397
Appl. No.: 13/192,111 Group Art Unit: 2485
Filed: July 27,2011 Examiner: Francis Geroleo
For: METHOD AND APPARATUS FOR PROVIDING COMPLEXITY BALANCED
ENTROPY CODING

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

Alexandria, VA 22313-1450

INFORMATION DISCLOSURE STATEMENT
UNDER 37 C.F.R. § 1.97(d)

This Information Disclosure Statement is being filed after a Notice of Allowance under
37 C.F.R. § 1.311, but before payment of the Issue Fee. The Notice of Allowance was mailed on
January 21, 2015.

Attached is a list of documents on form PTO-1449 along with any cited foreign patent
documents and non-patent literature documents in accordance with 37 CFR 1.98(a)(2). Also

enclosed is a translation or a concise explanation of each non-English language document.

By identifying the listed documents, Applicant in no way makes any admission as to the
prior art status of the listed documents, but is instead identifying the listed documents for the

sake of full disclosure.

In accordance with the requirements of 37 C.F.R. § 1.97(d)(2), the following statement as
specified in 37 C.F.R. § 1.97(e) is made:



Inre: Jani Lainema
Appl. No.: 13/192,111
Filed: July 27, 2011
Page 2

Each item of information contained in this statement was first cited in any
communication from a foreign patent office in a counterpart foreign application not more than

three (3) months prior to the filing of this statement.

The $180.00 fee specified in 37 C.F.R. § 1.17(p) is being paid at the time of e-filing. The
Commissioner is authorized to charge any additional fee, or credit any refund, to our Deposit
Account No. 16-0605.

Respectfully submitted,

Grant $3ildehaus
Registration No. 68,805

CusTOMER NO. 10949

ALSTON & BIRD LLP

Bank of America Plaza

101 South Tryon Street, Suite 4000

Charlotte, NC 28280-4000

Tel Charlotte Office (704) 444-1000

Fax Charlotte Office (704) 444-1111



Receipt date: 01/23/2015 13192111 - GAlU: 2485

Substitute for f 1449/PTO Complete if Known
ubstitute for form T
(Revised 07/2007) Application Number 13/192,111
Filing Date July 27,2011
INFORMATION DISCLOSURE | First Named Inventor Jani Lainema
STATEMENT BY APPLICANT | Art Unit 2485
(Use as many sheels as necessary) Examiner Name Francis Geroleo
Sheet l ] ‘ of I 1 Attorney Docket Number 042933/442419
U.S. PATENT DOCUMENTS
Document Number
Examiner | Cite Publication Date Name of Patentee or Pages, Columns, Lines, Where
Initials* | No. | Number - Kind Code (ifknown) | MM-DD-YYYY Applicant of Cited Document Relevant Passag:;};’:a‘je'eva“‘ Figures
US
USs
uUs
uUsS
FOREIGN PATENT DOCUMENTS
Foreign Patent Document Pages, Columns, English
Examiner | Cite Publication Date | Name of Patentee or Lines, Where Relevant Language
Initials No. Country Code - Number Kind Code MM-DD-YYYY | Applicant of Cited Pastgges orARelevam Translation
(if known) Document igures Appear Attached
CA 2,643,705 10-04-2007 Ye et al.
*Abstract Only
OTHER DOCUMENTS
. . . . . English Language
Incl}xde name of the agthor' (in CAPITAL LETTERS), title of the article (when approprxate)., title of Translation Attached
. . the item (book, magazine, journal, serial, symposium, catalog, etc.), date, page(s) , volume-issue
Examiner Cite number(s), publisher, city and/or country where published.
Initials* No.
Office Action from Canadian Application 2,806,523, dated December 17, 2014
Examiner Date
v feo (7S ; / . \2 44 )
Signature /Francis G Geroleo; Considered 03/11/2015

**Eyaminer: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line
through citation if not in conformance and not considered. Include copy of this form with next communication to

applicant.
CLT#35185700v1

Submitted January 23, 2015

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /F.G.G/



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.
13/192,111 07/27/2011 Jani LAINEMA 042933/442419 5397
10949 7590 03/19/2015

. ! : EXAMINER
Nokia Corporation and Alston & Bird LLP |
c/o Alston & Bird LLP GEROLEO, FRANCIS
Bank of America Plaza, 101 South Tryon Street
Suite 4000 | ART UNIT | PAPER NUMBER
Charlotte, NC 28280-4000 -
| NOTIFICATION DATE | DELIVERY MODE
03/19/2015 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the

following e-mail address(es):

usptomail @alston.com

PTOL-90A (Rev. 04/07)



UNITED STATES DEPARTMENT OF COMMERCE

U.S. Patent and Trademark Office
Address : COMMISSIONER FOR PATENTS
P.O. Box 1450
Alexandria, Virginia 22313-1450

APPLICATION NO./ FILING DATE FIRST NAMED INVENTOR / ATTORNEY DOCKET NO.
CONTROL NO. PATENT IN REEXAMINATION
13/192,111 27 July, 2011 LAINEMA ET AL. 042933/442419
EXAMINER
Nokia Corporation and Alston & Bird LLP
c/o Alston & Bird LLP FRANCIS G. GEROLEO
Bank of America Plaza, 101 South Tryon Street
Suite 4000 ART UNIT PAPER
Charlotte, NC 28280-4000
2485 20150311
DATE MAILED:

Please find below and/or attached an Office communication concerning this application or

proceeding.

Comm

issioner for Patents

Applicant's Information Disclosure Statement (IDS) forms, filed on 1/23/15 and 1/29/15, have been reviewed and considered and IDS
have been entered (please see attached).

/Jayanti K Patel/

Supervisory Patent Examiner, Art Unit 2485

/FRANCIS G GEROLEO/
Examiner, Art Unit 2485

PTO-90C (Rev.04-03)




Receipt date: 01/29/2015

13192111 - GAU: 2485

Substitute for form 1449/PTO Complete if Known
ubstitute for form : :
(Revised 07/2007) Application Number 13/192,111
Filing Date July 27, 2011
INFORMATION DISCLOSURE | First Named Inventor Jani Lainema
STATEMENT BY APPLICANT | Art Unit 2485
(Use as many sheets as necessary) Examiner Name Francis Geroleo
Sheet. | 1 | of | 1 [ Atiorney Docket Number | 042933/442419
OTHER DOCUMENTS
. . . . . English Language
Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of Translation Attached
. . the item (book, magazine, journal, serial, symposium, catalog, etc.), date, page(s) , volume-issue
Ega.mlner Cite number(s), publisher, city and/or country where published.
Initials™® No.
1 Office Action from Korean Patent Application 2013-7005051, dated YES
November 27, 2014
Examiner Eommmie 5 Parlan] Date
Signature /Francis G Geroleo/ Considered 03/11/2015

**Examiner: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line
through citation if not in conformance and not considered. Include copy of this form with next communication to

applicant.

CLT#35336117v1

Submitted January 29, 2015

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /F.G.G./



PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commlssmner for Patents
P.O.Box 1
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
ppropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
1cated 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

malntenance fee notifications.

Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) apers. Each additional paper, such as an assignment or formal drawing, must
Eave its own certificate of mailing or transmission.

Certificate of Mailing or Transmission

10_949 _7590 o121 201_5 I hereby certify that this Fee(s) Transmittal is being deposited with the United
Nokia Corporatlon and Alston & Bird LLP States Postal Service with sufficient postage for first class mail in an envelope
/o Alston & Bird LLP addressed to the Mail Stop ISSUE FEE address above, or being facsimile
¢/0 Alston ) Ir transmitted to the USPTO (571) 273-2885, on the date indicated below.
Bank of America Plaza, 101 South Tryon Street
Suite 4000 (Depositor's name)
Charlotte, NC 28280-4000 (Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
13/192,111 07/27/2011 Jani LAINEMA 042933/442419 5397

TITLE OF INVENTION: METHOD AND APPARATUS FOR PROVIDING COMPLEXITY BALANCED ENTROPY CODING

| APPLN. TYPE ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional UNDISCOUNTED $960 $0 $0 $960 04/21/2015
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
GEROLEO, FRANCIS 2485 375-240080
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list .
CFR 1.363). 1 Alston & Bird LLP

(1) The names of up to 3 registered patent attorneys
| Chan%e 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 name is 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)
Nokia Corporation Espoo, Finland

Please check the appropriate assignee category or categories (will not be printed on the patent) : [ Individual |iCorporation 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)
X 15suc Fee [ A check is enclosed.
[ Publication Fee (No small entity discount permitted) | Payment by credit card. Form PTO-2038 is attached.
(1 Advance Order - # of Copies ﬁ The director is hereby authorized to charge the required fee(s), any deficiency, or credits any

overpayment, to Deposit Account Number _ 16-060Q5__ (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)

d Applicant certifying micro entity status. See 37 CFR 1.29 NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.

| Applicant asserting small entity status. See 37 CFR 1.27 NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

| Applicant changing to regular undiscounted fee status. NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro

entity status, as applicable.

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

IGrant Gildehaus/ April 15, 2015

Authorized Signature Date

Grant Gildehaus 68,805
Typed or printed name Registration No.

Page 2 of 3

PTOL-85 Part B (10-13) Approved for use through 10/31/2013. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE



Electronic Patent Application Fee Transmittal

Application Number:

13192111

Filing Date:

27-Jul-2011

Title of Invention:

METHOD AND APPARATUS FOR PROVIDING COMPLEXITY BALANCED

ENTROPY CODING

First Named Inventor/Applicant Name:

Jani LAINEMA

Filer:

Jonathan Abbott Thomas/Lisa Rone

Attorney Docket Number:

042933/442419

Filed as Large Entity

Filing Fees for Utility under 35 USC111(a)

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

960

960




Sub-Total in

Description Fee Code Quantity Amount USD($)

Extension-of-Time:

Miscellaneous:

Total in USD ($) 260




Electronic Acknowledgement Receipt

EFS ID: 22068854

Application Number: 13192111

International Application Number:

Confirmation Number: 5397

METHOD AND APPARATUS FOR PROVIDING COMPLEXITY BALANCED

Title of Invention: ENTROPY CODING

First Named Inventor/Applicant Name: Jani LAINEMA
Customer Number: 10949
Filer: Jonathan Abbott Thomas/Lisa Rone
Filer Authorized By: Jonathan Abbott Thomas
Attorney Docket Number: 042933/442419
Receipt Date: 15-APR-2015
Filing Date: 27-JUL-2011
Time Stamp: 14:20:45
Application Type: Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes

Payment Type Deposit Account
Payment was successfully received in RAM $960

RAM confirmation Number 356

Deposit Account 160605

Authorized User

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




File Listing:

Document . L. . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (ifappl.)
256117
1 Issue Fee Payment (PTO-85B) 442419-IssueFee.pdf no 1
8ecal9d6bbd2b8362ef492630bd7ac54048
Warnings:
Information:
30799
2 Fee Worksheet (SB06) fee-info.pdf no 2
fe768cdf3712ee3bel36c¢4c61c4908554012
dfed
Warnings:
Information:
Total Files Size (in bytes); 286916

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
13/192,111 05/19/2015 9036701 042933/442419 5397
10949 7590 04/29/2015
Nokia Corporation and Alston & Bird LLP
c/o Alston & Bird LLP
Bank of America Plaza, 101 South Tryon Street
Suite 4000

Charlotte, NC 28280-4000
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 276 day(s). Any patent to issue from the above-identified application will
include an indication of the adjustment on the front page.

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

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

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

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

Jani LAINEMA, Tampere, FINLAND;
Kemal UGUR, Tampere, FINLAND;
Antti Olli HALLAPURO, Tampere, FINLAND;

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation
works to encourage and facilitate business investment. To learn more about why the USA is the best country in
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.

IR103 (Rev. 10/09)



ALSTON&BIRD..»

Bank of America Plaza
101 South Tryon Street, Suite 4000
Charlotte, NC 28280-4000

704-444-1000
Fax: 704-444-1111
www.alston.com

Guy R Gosnell Email: guy.gosnell@alston.com

January 28,2016

Certificate of Correction Branch
Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Re: U.S. Patent No. 9,036,701; Issued: May 19, 2015
Application No. 13/192,111; Filing Date: July 27, 2011
Title: Method and Apparatus for Providing Complexity
Balanced Entropy Coding
Our File 042933/442419

Dear Sir or Madam:

It is respectfully requested that a Certificate of Correction be issued for the
above-identified patent.

Specifically, during prosecution of this application an amendment was filed on
December 2, 2014, introducing the addition of the following phrase at the end of the
third paragraph in each of independent Claims 1, 8, and 15:

“...which occur greater than the frequency of occurrence threshold are
categorized into the first category and syntax-elements which occur less than
the frequency of occurrence are categorized into the second category”

In this amendment, applicants’ attorney inadvertently transposed the wording
of “first catégory” and “second category”. The phrase added by amendment should
have read:

“...which occur greater than the frequency of occurrence threshold are
categorized into the second category and syntax elements which occur less
than the frequency of occurrence are categorized into the first category”

Support confirming the inadvertent transposition of “first category” and
“second category” can be found in the specification at column 9, lines 51-63.

Atlanta » Brussels ¢ Charlotte ® Dallas ® Los Angeles ¢ New York ¢ Research Triangle ® Silicon Valley ¢ Washington, D.C.




U.S. Patent No. 9,036,701
Issued: May 19, 2015

Certificate of Correction Request
Page 2

A Certificate of Correction setting forth the requested corrections to Claims 1,
8, and 15 is being filed simultaneously herewith, along with the required Certificate
of Correction fee of $100.

Sincerely,

Guy R. Gosnell
Reg. No. 34,610

Enclosure
LEGAL02/36155646v1




UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 9,036,701 B2 Page 1 of 1

APPLICATIONNO. : 13/192,111
ISSUE DATE : May 19, 2015
INVENTOR(S) : Lainema et al.

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

In the claims:

Column 14
Lines 14 and 57, "first category" should read --second category--.
Lines 16 and 59, "second category" should read --first category--.

Column 16
Line 5, "first category" should read --second category--;
Line 7, "second category" should read --first category--.

MAILING ADDRESS OF SENDER

ALSTON & BIRD LLP

Bank of America Plaza

101 South Tryon Street, Suite 4000
Charlotte, NC 28280-4000

Tel Charlotte Office (704) 444-1000
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13192111

Filing Date:

27-Jul-2011

Title of Invention:

METHOD AND APPARATUS FOR PROVIDING COMPLEXITY BALANCED

ENTROPY CODING

First Named Inventor/Applicant Name:

Jani LAINEMA

Filer:

Jonathan Abbott Thomas/Marigrace Faulkner

Attorney Docket Number:

042933/442419

Filed as Large Entity

Filing Fees for Utility under 35 USC111(a)

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:

Certificate of Correction

1811 1

100

100




Description

Fee Code

Quantity

Amount

Sub-Total in
UsD($)

Extension-of-Time:

Miscellaneous:

Total in USD ($)

100




Electronic Acknowledgement Receipt

EFS ID: 24762989

Application Number: 13192111

International Application Number:

Confirmation Number: 5397

METHOD AND APPARATUS FOR PROVIDING COMPLEXITY BALANCED

Title of Invention: ENTROPY CODING

First Named Inventor/Applicant Name: Jani LAINEMA
Customer Number: 10949
Filer: Jonathan Abbott Thomas/Marigrace Faulkner
Filer Authorized By: Jonathan Abbott Thomas
Attorney Docket Number: 042933/442419
Receipt Date: 29-JAN-2016
Filing Date: 27-JUL-2011
Time Stamp: 11:51:48
Application Type: Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes

Payment Type Deposit Account
Payment was successfully received in RAM $100

RAM confirmation Number 11623

Deposit Account 160605
Authorized User ALSTON & BIRD, LLP

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




File Listing:

Document .. . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (ifappl.)
87824
1 Request for Certificate of Correction coc442419wFEE.PDF no 3
95c0dafc24fac7c5ed78f7a887a87534a23ef]
Warnings:
Information:
30600
2 Fee Worksheet (SB06) fee-info.pdf no 2
f7d41c99e097c6c706eb362c9729032f2f10
895c
Warnings:
Information:
Total Files Size (in bytes): 118424

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

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

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