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.Serial No.: to be assigned . Group Art Unit: to be assigned
Filed: herewitgh

For: METHOD AND DEVICE FOR INDICATING QUANTIZER PARAMETERS
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P.O. Box 1450
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FILING A DIVISIONAL APPLICATION

Sir:
In conjunction with filing a divisional application, please amend the patent application as

follows:
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In the Specification

Please amend the paragraph beginning on page 1, line 4 as follows:

This application is a divisional application of and claims priority to a co-pending U.S.
patent application Serial No. 10/421.629. filed April 23, 2003, which is based on and claims

priority to U.S. provisional application No. 60/374,667, filed April 23, 2002.

Please amend the paragraph beginning on page 6, line 7 as follows:

The quantized DCT coefficients for each block are passed from the quantizer 106 to the
video multiplex coder 170, as indicated by line 125 in Figure 1. The video multiplex coder 170
orders the quantized trax\lsform coefficients for each block using a zigzag scanning procedure,
thereby converting the two-dimensional array of quantized transform coefficient values into a
one-dimensional array. [[.]] Typically, the video multiplex coder 170 next represents each non-
zero quantized coefficient in the one-dimensional array by a pziir of values, referred to as level
and run, level being the value of the quantized coefficient and run being the number of
consecutive zero-valued coefficients preceding the coefficient in question. The run aﬁd level
values are further compressed using entropy coding. For example, a method such as variable

length coding (VLC) may be used to produce a set of variable length codewords representative

of each (run, level) pair.
Please amend the paragraph beginning on page 15, line 29 as follows:

Preferably, an indication of the default level of quantization to be used throughout
encoding of the digital video sequence is provided. Even more preferably, an indication of the
default level of quantization is provided in the encoded bit-stream representative of the digital
video sequence, Advantaegeushy advantégeously, the encoded bit-stream, including the
indication of the default level of quantization to be used throughout encoding of the digital video

sequence, is transmitted to a video decoding device.



944-001.107-2

In the Drawings

Please replace Figures 5 and 6 with the attached replacement sheets showing the

corrected Figures 5 and 6.
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In the Claims

1. (canceled)

2. (canceled)

3. (canceled)

4. (currently amended)

A method of encoding a digital video sequence for use in a video coding application to produce

an encoded video bit-stream representative of the digital video sequence, the digital video

sequence comprising a number of frames, each frame of said sequence comprising an array of
pixels divided into a plurality of blocks. each block comprising a certain number of said pixels,
said method comprising:

encoding a frame of the digital video sequence by applying motion compensated prediction _

to blocks of pixels for producing corresponding blocks of prediction error values;

applying a transform céding technique to said blocks of prediction error values to produce
sets of transform coefficient values representative of said blocks of prediction error values;

defining a default level of quantization for use in encoding of the digital video sequence to

quantize the sets of transform coefficient values: and

providing an indication of the default level of quantization to a decoding process.

5. (original) An encoding method according to claim 4, wherein said indication of the default

level of quantization is provided in the encoded bit-stream representative of the digital video

sequence.

6. (original) An encoding method according to claim 5, wherein the encoded bit-stream is

transmitted from a video encoding device to a corresponding video decoding device.

7. (currently amended) An encoding method according to claim [[1]] 4, wherein the default level

of quantization is updated during the encoding of the digital video sequence, said method further
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comprising the-step-of providing an indication of the updated default level of quantization to a

decoding process.

8. (currently amended) An encoding method according to claim [[1]] 4, wherein said sets of
transform coefficient values are quantized to yield sets of quantized transform coefficient values
representative of said blocks of prediction error values based on a level of quantization different

from the default level of quantization.

9. (currently amended) An encoding method according to claim 8, further comprising the-step-of
providing to a decoding process an indication of a difference between said level of quantization

and the default level of quantization.

10. (original) An encoding method according to claim 8, wherein said level of quantization is
adjusted from one frame of the digital video sequence to another such that an actual level of
quantization applied to the sets of transform coefficients for a particular frame of the digital

video sequence is different from the default level of quantization.

11.(original) An encoding method according to claim 10, wherein said actual level of

quantization is representable as a difference with respect to the default level of quantization.

12. (currently amended) An encoding method according to claim 10, further comprising the-step
of providing to a decoding process an indication of a difference between said actual level of

quantization and the default level of quantization.

13. (original) An enéoding method according to claim 8, wherein the plurality of blocks of
pixels, into which a frame of said digital video sequence is divided, are grouped into one or more
segments and wherein the level of quantization applied to said sets of transform coefficient
values is adjusted from one segment of a frame to another such that an actual level of
quantization applied to the sets of transform coefficients for a particular segment of a frame is

different from the default level of quantization.
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14. (currently amended) An encoding method according to claim 13, further comprising the-step
of providing to a decoding proceés an indication of a difference between said level of

quantization and the default level of quantization.
15. (canceled)

16. (canceled)

17. (currently amended) A video encoder for encoding a digital video sequence to produce an

encoded video bit-stream representative of the digital video sequence, the digital video sequence

comprising a number of frames, each frame of said sequence comprising an array of pixels

divided into a plurality of blocks. each block comprising a certain number of said pixels, said

video encoder comprising:

means for encoding a frame of the digital video sequence by applying motion compensated

prediction to blocks of pixels to provide corresponding blocks of prediction error values;
means for transforming said blocks of prediction error values for providing sets of
transform coefficient values representative of said blocks of prediction error values;

means for selecting a default level of quantization for quantizing said sets of transform

coefficient values; and aecording-to-elaim-15;-arranged-to-provide

means for providing an indication of said default level of quantization in the encoded bit-

stream representative of the digital video sequence.

18. (currently amended) A video encoder according to claim [[15]] 17, wherein said sets of
transform coefficient values are quantized to yield sets of quantized transform coefficient values
representative of said blocks of prediction error values based on a level of quantization different

from the default level of quantization.

19. (original) A video encoder according to claim 18, arranged to provide an indication of a
difference between said level of quantization and the default level of quantization in the encoded

bit-stream.



944-001.107-2

20. (currently amended) A video encoder according to claim [[15]] 17, wherein the default level
of quantization can be updated and the video encoder is arranged to provide an indication of the

updated default level of quantization in the encoded bit-stream.

21. (original) A video encoder according to claim 20, wherein said sets of transform coefficient
values are quantized to yield sets of quantized transform coefficient values representative of said
blocks of prediction error values based on a level of quantization different from the updated

default level of quantization.

22. (original) A video encoder according to claim 18, wherein said level of quantization applied
to said sets of transform coefficient values can be adjusted from one frame of the digital video
sequence to another so as to apply an actual level of quantization to the sets of transform

. coefficients for a particular frame of the digital video sequence and wherein said actual level of

quantization is different from the default level of quantization.

23. (original) A video encoder according to claim 22, arranged to provide an indication of said
difference with respect to the default level of quantization in the encoded bit-stream

representative of the digital video sequence.

24. (original) A video encoder according to claim 18, arranged to group the plurality of blocks
into which a frame of said digital video sequence is divided into one or more segments and to
adjust the level of quantization applied to said sets of transform coefficient values from one
segment of a frame to another so as to apply an actual level of quantization to the sets of
transform coefficients for a particular segment of a frame, wherein said actual level of
quantization is different from the default level of quantization, said video encoder further
arranged to represent the actual level of quantization for use in the particular segment as a

difference with respect to the default level of quantization.

25. (original) A video encoder according to claim 24, further arranged to provide an indication
of said difference with respect to the default level of quantization in the encoded bit-stream

representative of the digital video sequence.
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26. (currently amended) A video encoder according to claim [[15]] 17, provided in a multimedia

terminal.

27. (currently amended) A video encoder according to claim [[15]] 17, provided in a radio

telecommunications device.
Claims 28-36. (canceled)

37. (new) A video encoder for encoding a digital video sequence to produce an encoded video
bit-stream representative of the digital video sequence, the digital video sequence comprising a
number of frames, each frame of said sequence comprising an array of pixels divided into a
plurality of blocks, each block comprising a certain number of said pixels, said video encoder
comprising:

a module for encoding a frame of the digital video sequence by applying motion
compensated prediction to blocks of pixels to provide corresponding blocks of prediction error
values;

a module for transforming said blocks of prediction error values for providing sets of
transform coefficient values representative of said blocks of prediction error values; and

a module for selecting a default level of quantization for quﬁntizing said sets of transform

coefficient values, wherein the default level is specific to the video coding applications.
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REMARKS

In the patent application, claims 1-36 are pending.

Applicant has canceled claims 1-3, 15, 16 and 28-36, amended 4,7,8,9,12,17, 18, 20,
26 and 27 and added new claim 37.

Applicant has also amended claims 4 and 17 to be in independent from incorporating the
limitations of claims 1 and 15, respectively, and amended claims 7,8, 18,20,26 and 27 to
change the claim dependency. Applicant has amended claims 9, 14 and 28 to remove the
expression “the step of”, and added a new claim 37.

New claim 37 has substantially the same limitations as claim 4. Regarding claim 37, the
encoding module is described as the combiner 116 on p.30, lines 21-23; the transforming module
is shown as the transform block 104 in Figure 5, and the selecting module is described as the

coding control block 660 on p.30, line 31 to p.31, line 10.
Applicant has amended the specification to correct two typographical errors.

Applicant has amended Figures 5 and 6. In Figure 5, the coding control block 160 should
be labeled 660 as described on p.29, lines 1-4. In Figure 6, the coding control block 260 should
be labeled 760 as described on p.32, lines 24-27.

No new matter has been introduced.

Respectfully submitted,

e

Kenneth Q. Lao
Registration No. 40,061

Date: %};\QZ ‘1/( Lou |

WARE, FRESSOLA, VAN DER SLUYS
& ADOLPHSON LLP

Bradford Green, Building 5

755 Main Street, PO Box 224

Monroe, CT 06468

(203) 261-1234

USPTO Customer No. 004955
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Re: Application of: Jani Lainema Attorney Docket: 944-001.107-2
Serial No.: to be assigned Group Art Unit: to be assigned
Filed: herewith Examiner: to be assigned

For: METHOD AND DEVICE FOR INDICATING QUANTIZER PARAMETERS
IN A VIDEO CODING SYSTEM

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

INFORMATION DISCLOSURE STATEMENT
Sir:

Applicant submits herewith references of which they are aware, which they believe may
be material to the examination of this application and in respect of which they may have a duty to
disclose in accordance with 37 CFR 1.56.

While this Information Disclosure Statement may be “material” pursuant to 37 CFR 1.56,
it is not intended to constitute an admission that any document referred to herein is “prior art”‘for
this invention unless specifically designated as such.

In accordance with 37 CFR 1.97(g), the filing of this Information Disclosure Statement
shall not be construed to mean that a search has been made or that no other material information

as defined under 37 CFR 1.56(a) exists.

T hereby certify that this correspondence is being
deposited with the United States Postal Service
"Express Mail Post Office to Addressee" service
under 37 C.F.R. 1.10, Express Mail Label No.
EV914764379US, on the date indicated below
and is addressed to Commissioner for Patents,
P.O. Box 1450, Alexandria, VA 22313-1450.

Qﬂcﬂ/uq%f\— 3257

y Sturmer Date

(IDS Transmittal - Page 1 of 2)
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A PTO-1449 with cited reference is also enclosed.

This IDS is being submitted prior to receipt of a first Official Action in this matter;
therefore, the undersigned respectfully submits that no fee is due for filing this IDS. Should any
fees be due of which the undersigned is unaware, the Commissioner is hereby authorized to

charge deposit account 23-0442 any fee deficiency required to submit this IDS.

Respectfully submitted,

[ Fo

Kenneth Q. Lao

_ Registration No. 40,061
Date: M 5 B 100
WARE, FRESSOLA, VAN DER SLUYS
& ADOLPHSON LLP
Bradford Green, Building 5
755 Main Street, PO Box 224
Monroe, CT 06468
(203) 261-1234

(IDS Transmittal - Page2 of 2)
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Practitioner’s Docket No. 944-001.107-2 PATENT

Preliminary Classification:
Proposed Class:
Subclass:

NOTE:  “All applicants are requested to include a preliminary classification on newly filed patent applications.
The preliminary classification, preferably class and subclass designations, should be identified in the
upper right-hand comer of the letter of transmittal accompanying the application papers, for example
‘Proposed Class 2, subclass 129.” M.P.E.P. § 601, 7" ed.

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

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

NEW APPLICATION TRANSMITTAL

Transmitted herewith for filing is the patent application of
Inventor(s): Jani Lainema

WARNING: 37 C.F.R.§ 1.41(a)(1) points out:
' “(a) A patent is applied for in the name or names of the actual inventor or inventors.

“(1) The inventorship of a nonprovisional application is that inventorship set forth in the oath or
deciaration as prescribed by § 1.63, except as provided for in § 1.53(d)(4) and § 1.63(d). if an
oath or declaration as prescribed by § 1.63 is not filed during the pendency of a nonprovisional
application, the inventorship is that inventorship set forth in the application papers filed
pursuant to § 1.53(b), unless a petition under this paragraph accompanied by the fee set forth
in § 1.17(1) is filed supplying or changing the name or names of the inventor or inventors.”

For (title): METHOD AND DEVICE FOR INDICATING QUANTIZER PARAMETERS IN
A VIDEO CODING SYSTEM

CERTIFICATION UNDER 37 C.F.R. § 1.10*

(Express Maii label number is mandatory)
(Express Mail certification is optional, )

I hereby certify that this New Application Transmittal and the documents referred to as attached therein are
being deposited with the United States Postal Service on this date July 25, 2007, in an envelope as “Express

Mail Post Office to Addressee,” mailing Label Number EV914764379US , addressed to the: Commissioner for
Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

\

Cathy Sturmer

(type or pfint narge of perC?;nailing paper)
; s v
AJ (“ of - T~

Signature of person mailing paper

WARNING:

SdSN
WOy
(19VAYA Q3AI3I3Y

Certificate of mailing (first class) or facsimile transmission procedures of 37 C.F.R. § 1.8 cannot
be used to obtain a date of mailing or transmission for this correspondence.

WARNING:  Each paper or fee filed by “Express Mail” must have the number of the “Express Mail” mailing
label placed thereon prior to mailing. 37 C.F.R. § 1.10(b).
Since the filing of comespondence under § 1.10 without the Express Mail mailing label thereon is
an oversight that can be avoided by the exercise of reasonable care, requests for waiver of this

requirement will not be granted on petition.” Notice of Oct. 24, 1996, 60 Fed. Reg. 56,439, at
56,442.

(New Application Transmittal [4-1] page 1 of 11)

43 INTD TV OLd



1. Type of Application
This new application is for a(n)
(check one applicable item below)
X Original (nonprovisional)
O Design
O Piant

WARNING: ‘Do not use this transmittal for a completion in the U.S. of an International Application under 35
U.S.C. § 37(c)(4), unless the Intemational Application is being filed as a divisional, continuation or
continuation-in-part application.

WARNING: Do not use this transmittal for the filing of a provisional application.

NOTE: If one of the following 3 items apply, then complete and attach ADDED PAGES FOR NEW
APPLICATION TRANSMITTAL WHERE BENEFIT OF A PRIOR U.S. APPLICATION CLAIMED and
a NOTIFICATION IN PARENT APPLICATION OF THE FILING OF THIS CONTINUATION
APPLICATION. '

X Divisional
O Continuation
O Continuation-in-part (C-I-P)

2. Benefit of Prior U.S. Application(s) (35 U.S.C. §§ 119(e), 120, or 121)

NOTE: A nonprovisional application may claim an invention disclosed in one or more prior filed copending
nonprovisional applications or copending interational applications designating the United States of
America. In order for & nonprovisional application to claim the benefit of a prior filed copending
nonprovisional application or copending international application designating the United States of
America, each prior application must name as an inventor at least one inventor named in the later
filed nonprovisional application and disclose the named inventor’s invention claimed in at least one
claim of the later filed nonprovisional application in the manner provided by the first paragraph of 35
U.S.C. § 112. Each prior application must also be:

" (i) An intemational application entitled to a filing date in accordance with PCT Article 11 and
designated the United States of America; or

(i) Complete as set forth in § 1.51(b); or

(iii) Entitled to a filing date as set forth in § 1.53(b) or § 1.53(d) and include the basic filing fee set
forthin § 1.16; or

(iv) Entitled to a filing date as set forth in § 1.53(b) and have paid therein the processing and
retention fee set forth in § 1.21(l) within the time period set forth in § 1.53(1).

37 C.F.R. § 1.78(a)(1).

NOTE: If the new application being transmitted is a divisional, continuation or a continuation-in-part of a
parent case, or where the parent case is an Intemational Application which designated the U.S., or
benefit of a prior provisional application is claimed, then check the following item and complete and
attach ADDED PAGES FOR NEW APPLICATION TRANSMITTAL WHERE BENEFIT OF PRIOR
U.S. APPLICATION(S) CLAIMED.

WARNING: If an application claims the benefit of the filing date of an earfier filed application under 35
U.S.C. §§ 120, 121 or 365(c), the 20-year term of that application will be based upon the filing
date of the earliest U.S. application that the application makes reference to under 35 U.S.C. §§
120,121 or 365(c). (35 U.S.C. § 154(a)(2) does not take into account, for the determination of
the patent term, any application on which priority is claimed under 35 U.S.C. §§ 199, 365(a) or
365(b).) For a c-i-p application, applicant should review whether any claim in the patent that will
issue is supported by an earlier application and, if not, the applicant should consider canceling
the reference to the earlier filed application. The term of a patent is not based on a claim-by-
claim approach. See Notice of April 14, 1995, 60 Fed. Reg. 20,195, at 20,205.
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WARNING:

When the last day of pendency of a provisional application falls on a Saturday, Sunday, or
Federal holiday within the District of Columbia, any nonprovisional application claiming benefit of
the provisional application must be filed prior to the Saturday, Sunday, or Federal holiday within
the District of Columbia. See 37 C.F.R. § 1.78(a)(3).

The new application being transmitted claims the benefit of prior U.S.
application(s). Enclosed are ADDED PAGES FOR NEW APPLICATION
TRANSMITTAL WHERE BENEFIT OF PRIOR U.S. APPLICATION(S)
CLAIMED.

3. Papers Enclosed

A. Required for filing date under 37 C.F.R. § 1.53(b) (Regular) or 37 C.F.R. § 1.153
(Design) Application

33 Pages of specification

_6_Pages of claims

_8 Sheets of drawings

WARNING: DO NOT submit original drawings. A high quality copy of the drawings should be supplied

NOTE:

a

X
O

when filing a patent application. The drawings that are submitted to the Office must be on
strong, white, smooth, and non-shiny paper and meet the standards according to § 1.84. If
corrections to the drawings are necessary, they should be made to the original drawing and
a high-quality copy of the corrected original drawing then submitted to the Office. Only one
copy is required or desired. For comments on proposed then-new 37 C.F.R. § 1.84, see
Notice of March 9, 1988 (1990 O.G. 57-62).

“Identifying indicia, if provided, should include the application number or the title of the invention,
inventor's name, docket number (if any), and the name and telephone number of a person to call
if the Office is unable to match the drawings to the proper application. This information should
be placed on the back of each sheet of drawing a minimum distance of 1.5 cm (5/8 inch) down
from the top of the page . . .” 37 C.F.R. § 1.84(c)).

(complete the following, if applicable)

The enclosed drawing(s) are photograph(s). Three (3) sets of photographs
and a “PETITION TO ACCEPT PHOTOGRAPH(S) AS DRAWING(S)” are
attached. 37 C.F.R. § 1.84(b).

The enclosed drawing(s) are in color. Three (3) sets of color drawings and a
“PETITION TO ACCEPT COLOR DRAWING(S)” are attached. 37 C.F.R. §§
1.84(a)(2) and 1.84(b). '

formal

informal

B. Other Papers Enclosed

2 Pages of declaration and power of attorney
_1 Pages of abstract
_1_Other (Title Page)

4. Additional papers enclosed

a

B E K

a

Amendment to claims

O Cancel in this application claims before
calculating the filing fee. (At least one original independent claim must
be retained for filing purposes.)

O Add the claims shown on the attached amendment. (Claims added have
been numbered consecutively following the highest numbered original
claims.)

Preliminary Amendment
Information Disclosure Statement (37 C.F.R. § 1.98)
Form PTO-1449
Citations
(New Application Transmittal [4-1] page 3 of 11)
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]

a
a

Declaration of Biological Deposit

Submission of “Sequence Listing,” computer readable copy and/or amendment
pertaining thereto for biotechnology invention containing nucleotide and/or amino
acid sequence.

Authorization of Attorney(s) to Accept and Follow Instructions from
Representative

Special Comments

Other

§. Declaration or oath (including power of attorney)

NOTE:

NOTE:

NOTE:

NOTE:

A newly executed dsclaration is not required in a continuation or divisional application provided that
the prior nonprovisional application contained a declaration as required, the application being filed is
by all or fewer than all the inventors named in the prior application, there is no new matter in the
application being filed, and a copy of the executed declaration filed in the prior application (showing
the signature or-an indication thereon that it was signed) is submitted. The copy must be
accompanied by a statement requesting deletion of the names of person(s) who are not inventors of
the application being filed. If the declaration in the prior application was filed under § 1.47, then a
copy of that declaration must be filed accompanied by a copy of the decision granting § 1.47 status
or, if a nonsigning person under § 1.47 has subsequently joined in a prior application, then a copy of
the subsequently executed declaration must be filed. See 37 C.F.R. §§ 1.63(d)(1)-(3). .

A declaration filed to complete an application must be executed, identify the specification to which it is
directed, identify each inventor by full name including family name and at least one given name,
without abbreviation together with any other given name or initial, and the residence, post office
address and country or citizenship of each inventor, and state whether the mventor is a sole or joint
inventor. 37 C.F.R. § 1.63(a)(1)-(4).

“The inventorship of a nonprovisional application is that inventorship set forth in the oath or
declaration as prescribed by § 1.62, except as provided for in § 1.53(d)(4) and § 1.63(d). If an oath or
declaration as prescribed by § 1.63 is not filed during the pendency of a nonprovisional application,
the inventorship is that inventorship set forth in the application papers filed pursuant to § 1.53(b),
unless a pelition under this paragraph accompanied by the fee set forth in § 1.17() is filed supplying
or changing the name or names of the inventor or inventors.” 37 C.F.R. § 1.41(a)(1).

X Enclosed
Executed by

(check all applicable boxes)

inventor(s).
legal representative of inventor(s). 37 C.F.R. §§ 1.42 or 1.43.

joint inventor or person showing a proprietary interest on behalf of inventor
who refused to sign or cannot be reached.

O This is the petition required by 37 C.F.R. § 1.47 and the statement
required by 37 C.F. R. § 1.47 is also attached. See item 13 below for fee.

O Not Enclosed

oao

Where the filing is a completion in the U.S. of an International Application or where the completion of
the U.S. application contains subject matter in addition to the Intemational Application, the application
may be treated as a continuation or continuation-in-part, as the case may be, utilizing ADDED PAGE
FOR NEW APPLICATION TRANSMITTAL WHERE BENEFIT OF PRIOR U.S. APPLICATION
CLAIMED.

‘00 Application is made by a person authorized under 37 C.F.R. § 1.41(c) on
behalf of all the above named inventor(s).
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(The declaration or oath, along with the surcharge required by 37 C.F.R. § 1.16(e) can be filed
subsequently).

O Showing that the filing is authorized.
(not required unless called into question. 37 C.F.R. § 1.41(d))

6. Inventorship Statement

WARNING:  If the named inventors are each not the inventors of all the claims an explanation, including the
ownership of the various claims at the time the last claimed invention was made, should be
submitted.

The inventorship for all the claims in this application are:
X The same.
or

Not the same. An explanation, including the ownership of the various claims
at the time the last claimed invention was made,
O is submitted.

O will be submitted

7. Language

NOTE:  An application including a signed oath or declaration may be filed in a language other than English.
An English translation of the non-English language application and the processing fee of $130.00
required by 37 C.F.R. § 1.17(k) is required to be filed with the application, or within such time as may
be set by the Office. 37 C.F.R. § 1.52(d).

X English
O Non English
O The attached translation includes a statement that the translation is accurate.
37 C.F.R. § 1.52(d).
8. Assignment

O An assignment of the invention to __Nokia Corporation

O is attached. A separate O “COVER SHEET FOR ASSIGNMENT
(DOCUMENT) ACCOMPANYING NEW PATENT APPLICATION” or O
FORM PTO 1595 is also attached.

O will follow.

NOTE: “If an assignment is submitted with a new application, send two separate letters-one for the
application and one for the assignment.” Notice of May 4, 1990 (1114 O.G. 77-78).

WARNING: A newly executed "“CERTIFICATE UNDER 37 C.F.R. § 3.73(b)" must be filed when a
continuation-in-part application is filed by an assignee. Notice of April 30, 193, 1150 O.G. 62-64.

X This is a O continuation  [divisional application and the assignment
document for the parent application 10/421,629 was filed on August 13, 2003.

Reel __014385
Frame_0356
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9. Certified Copy
Certified copy(ies) of application(s)

Country Appin. No. Filed
Country Appin. No. ' Filed
Country ' Appin. No. Filed

from which priority is claimed

O is (are) attached.
O will follow.

NOTE: The foreign application forming the basis for the claim for priority must be referred to in the oath or
declaration. 37 C.F.R. § 1.55(a) and 1.63.

NOTE:  This item is for any foreign priority for which the application being filed directly relates. If any parent
U.S. application or International Application from which this application claims benefit under 35 U.S.C.
§ 120is itself entitled to priority from a prior foreign application, then complete item 18 on the ADDED
PAGES FOR NEW APPLICATION TRANSMITTAL WHERE BENEFIT OF PRIOR U.S.
APPLICATION(S) CLAIMED. .

10. Fee Calculation (37 C.F.R. §'1.16)
A X Regular application

CLAIMS AS FILED
Number filed Number Extra Rate Basic Fee
: 37C.F.R. § 1.16(a)

$1000.00

Total Claims

(37C.F.R. §1.16(c)) 36-20= 16 x $50.00 = $800.00

Independent Claims

(37C.FR.§1.16(b)) 4- 3= 1 x $100.00 = $100.00

Multiple dependent claim(s),

ifany (37 C.F.R. § 1.16(d)) + $200.00

O Amendment canceling extra claims is enclosed.
O Amendment deleting multiple-dependencies is enclosed.
X1 Fee for extra claims is not being paid at this time.

NOTE: If the fees for extra claims are not paid on filing, they must be paid or the claims canceled by
amendment, prior to the expiration of the time period set for response by the Patent and Trademark
Office in any notice of fee deficiency. 37 C.F.R. § 1.16(d).

Filing Fee Calculation $ 1900.00

B. O Design application
($330.00 - 37 C.F.R. § 1.16(f))

Filing Fee Calculation $

(New Application Transmittal [4-1] page 6 of 11)



C. 0O Plant application

(8510.00 - 37 C.F.R. § 1.16(qg))

Filing Fee Calculation $

11. Small Entity Statement(s)

O Statement(s) that this is a filing by a small entity under 37 C.F.R. §§ 1.9 and 1.27
is no longer necessary.

WARNING:

WARNING:

“Status as a small entity must be specifically established in each application or patent in which
the status is available and desired. Status as a small entity in one application or patent does not
affect any other application or patent, including applications or patents which are directly or
indirectly dependent upon the application or patent in which the status has been established.
The refiling of an application under § 1.53 as a continuation, division, or continuation-in-part
{including a continued prosecution application under § 1.53(d)), or the filing of a reissue
application requires a new determination as to continued entitlement to small entity status for the
continuing or reissue application. A nonprovisional application claiming benefit under 35 U.S.C.
§ 119(e), 120, 121, or 365(c) of a prior application, or a reissue application may rely on a
statement filed in the prior application or in the patent if the nonprovisional application or the
reissue application includes a reference to the statement in the prior application or in the patent
or includes a copy of the statement in the prior application or in the patent and status as a $mall
entity is still proper and desired. The payment of the small entity basic statutory filing fee will be
treated as such a reference for purposes of this section.” 37 C.F.R. § 1.28(a)(2).

"Small entity status must not be established when the person or persons signing the. . .

statement can unequivocally make the required self-certification.” M.P.E.P., § 509.03, 6" ed.,
rev. 2, July 1996 (emphasis added).

(complete the following, if applicable)
O Status as a small entity was claimed in prior application

/ , filed on , from which
benefit is being claimed for this application under:

35U.8.C.§0 119(e),

O 120,

o 121,

O 365(c),
and which status as a small entity is still proper and desired.
O A'copy of the statement in the prior application is included.

Filing Fee Calculation (50% of A, B, or C above)
$

NOTE: ' Any excess of the full fee paid will be refunded if a small entity statement and a refund request are

filed within 2 months of the date of timely payment of a full fee. The two-month period is not
extendable under § 1.136. 37 C.F.R. § 1.28(a).

12. Request for International-Type Search (37 C.F.R. § 1.104(d))

(complete, if applicable)

O Please prepare an international-type search report for this application at the time
when national examination on the merits takes place.
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13. Fee Payment Being Made at This Time
O Not Enclosed

O No filing fee is to be paid at this time.
* (This and the surcharge required by 37 C.F.R. § 1.16(e) can be paid

subsequently.)
X Enclosed
X Filing fee $__1900.00

O Recording assignment :
($40.00 - 37 C.F.R. § 1.21(h))
(See attached “COVER SHEET
FOR ASSIGNMENT ACCOMPANYING
NEW APPLICATION.") $

0 Petition fee for filing by other than all the
inventors or person on behalf of the inventor
where inventor refused to sign or cannot be
reached.
($130.00 - 37 C.F.R. §§ 1.47 and 1.17(j)) $

L1 For processing an application with a
specification in a non-English language
($130.00; 37 C.F.R. §§ 1.52(d) and 1.17(k)) $

O Processing and retention fee
($130.00, 37 C.F.R. §§ 1.52(d) and 1.21(l) $

O Fee for international-type search report
($40.00; 37 C.F.R. § 1.21(e)) $

NOTE: 37 C.F.R. § 1.21()) establishes a fee for processing and retaining any application that is abandoned
for failing to complete the application pursuant to 37 C.F.R. § 1.53(f) and this, as well as the changes
to 37 C.F.R. §§ 1.53 and 1.78(a)(1), indicate that in order to obtain the benefit of a prior U.S.
application, either the basic filing fee must be paid, or the processing and retention fee of § 1.21(l)
must be paid, within 1 year from the notification under § 53(f).

Total fees enclosed $_1900.00

14. Method of Payment of Fees
X Attachedisa Echeck O money order in the amount of $ 1900.00
O Authorization is hereby made to charge the amount of $

O to Deposit Account No.

O to Credit card as shown on the attached credit card information authorization
form PTO-2038.

WARNING:: Credit card information should not be included on this form as it may become public.

X1 Charge any additional fees required by this paper or credit any
overpayment to Deposit Account No. 23-0442.
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15. Authorization to Charge Additional Fees

WARNING:  If no fees are to be paid on filing, the following items should not be completed.

WARNING:  Accurately count claims, especially multiple dependent claims, to avoid unexpected high

NOTE:

charges, if extra claim charges are authorized.

O The Office is hereby authorized to charge, in the manner shown above, the
following additional fees that may be required by this paper and during the
entire pendency of this application.

O 37 C.F.R.§ 1.16(a), (f), or (g) (filing fees)
O 37 C.F.R.§1.16(b), (c), and (d) (presentation of extra claims)

Because additional fees for excess or multiple dependent claims not paid on filing or on later
presentation must only be paid or these claims canceled by amendment prior to the expiration of the
time period set for response by the P.T.O. in any notice of fee deficiency (37 C.F.R. § 1.16(d)), it
might be best not to authorize the P.T.O. to charge additional claim fees, except possibly when
dealing with amendments after final action.

O 37 C.F.R. § 1.16(e) (surcharge for filing the basic filing fee and/or
declaration on a date later than the filing date of the application)

O 37 C.F.R. §1.17(a)(1)-(5) (extension fees pursuant to § 1.136(a))

O 37 C.F.R. § 1.17 (application processing fees)

WARNING: °...A written request may be submitted in an application that is an authorization to treat any

NOTE:

NOTE:

concurrent or future reply, requiring a petition for an extension of time under this paragraph for
its timely submission, as incorporating a petition for extension of time for the appropriate length
of time. An authorization to charge all required fees, fees under § 1.17, or all required extension
of time fees will be treated as a constructive petition for an extension of time in any concurrent or
future reply requiring a petition for an extension of time under this paragraph for its timely
submission. Submission of the fee set forth in § 1.17(a) will also be treated as a constructive
petition for an extension of time in any concurrent reply requiring a petition for an extension of
time under this paragraph for its timely submission.” 37 C.F.R. § 1.136(a)(3).

O 37 C.F.R. § 1.18 (issue fee at or before mailing of Notice of Allowance,
pursuant to 37 C.F.R. § 1.311(b))

Where an authorization to charge the issue fee to a deposit account has been filed before the mailing
of a Notice of Allowance, the issue fee will be automatically charged to the deposit account at the
time of mailing the Notice of Allowance. 37 C.F.R. § 1.31 1(b).

37 C.F.R. § 1.28(b) requires_."Notification of any change in status resulting in loss of entitlement to
small entity status must be filed in the application . . . prior to paying, or at the time of paying, . . .
issue fee.” From the wording of 37 C.F.R. § 1.28(b), (a) notification of change of status must be
made even if the fee is paid as “other than a small entity” and (b) no notification is required if the
change is to another small entity.
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16. Instructions as to Overpayment

NOTE: “...Amounts of twenty-five dollars or less will not be retummed unless specifically requested within a
reasonable time, nor will the payer be notified of such amounts; amounts over twenty-five dollars may
be retumned by check or, if requested, by credit to a deposit account.” 37 C.F.R. § 1.26(a).

X Credit Account No.__ 23-0442
O Refund

Date: % 15 ov! ‘V(J«-. &Fﬁx

4 SIGNATURE OF PRACTITIONER
Reg. No. 40,061

Tel. No. (203) 261-1234 Kenneth Q. Lao
(type or print name of practitioner
Ware, Fressola, Van Der Sluys &

Adolphson LLP

755 Main Street
P.O. (Correspondence) Address
P.O. Box 224

Customer No. 004955 Monroe, CT 06468
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X Incorporation by reference of added pages

(check the following item if the application in this transmittal claims the benefit of prior
U.S. application(s) (including an international application entering the U.S. stage as a
continuation, divisional or C-I-P application) and complete and attach the ADDED
PAGES FOR NEW APPLICATION TRANSMITTAL WHERE BENEFIT OF PRIOR
U.S. APPLICATION(S) CLAIMED.)

X Plus Added Pages for New Application Transmittal Where Benefit of Prior U.S.
Application(s) Claimed
Number of pages added 5

O Plus Added Pages for Papers Referred to in Item 4 Above

Number of pages added

O Plus added pages deleting names of inventor(s) named in prior application(s)
who is/are no longer inventor(s) of the subject matter claimed in this application.

Number of pages added
O Plus “Assignment Cover Letter Accompanying New Application”

Number of pages added
O Statement Where No Further Pages Added

(if no further pages form a part of this Transmittal, then end this Transmittal with
this page and check the following item.

O This transmittal ends with this page.
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Practitioner's Docket No. 944-001.107-2 PATENT

ADDED PAGES FOR APPLICATION TRANSMITTAL WHERE BENEFIT OF
PRIOR U.S APPLICATION(S) CLAIMED

NOTE: See 37 CFR 1.78.
17. Relate Back

WARNING: If an application claims the benefit of the filing date of an earfier filed application under 35 U.S.C.
120, 121 or 365(c), the 20-year term of that application will be based upon the filing date of the
earliest U.S. application that the application makes reference to under 35 U.S.C. 1 20, 121 or 365(c).
35 U.S.C. 154(a)(2) does not take into account, for the determination of the patent term, any
application on which priority is claimed under 35 U.S.C. 119, 365(a) or 365(b). For a c-i-p
application, applicant should review whether any claim in the patent that will issue is supported by
an earlier application and, if not, the applicant should consider canceling the reference to the earfier
filed application. The term of a patent is not based on a claim-by-claim approach. See Notice of
April 14, 1995, 60 Fed. Reg. 20,195, at 20,205.

(complete the following, if applicable)

X Amend the specification by inserting, before the first line, the following sentence:

A. 35U.S.C. 119(e)
NOTE: “Any nonprovisional application claiming the benefit of one or more prior filed copending
provisional applications must contain or be amended to contain in the first sentence of the

specification following the title a reference to each such prior provisional application, identifying it

as a provisional application, and including the provisional application number (consisting of series
code and serial number). “37 C.F.R. § 1.78(a)(4).

O “This application claims the benefit of U.S. Provisional Application(s) No(s).:
APPLICATION NO(S).: FILING DATE

/ "

(Added Pages for Application Transmittal Where Benefit of Prior U.S. Application(s) Claimed
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B. 35U.S.C. 120, 121 and 365(c)

NOTE:

“Except for a continued prosecution application filed under § 1.53(d), any nonprovisional application
claiming the benefit of one or more prior filed copending nonprovisional applications or international
applications designating the United States of America must contain or be amended to contain in the
first sentence of the specification following the title a reference to each such prior application,
identifying it by application number (consisting of the series code and serial number) or intemational
application number and international filing date and indicating the relationship of the applications . . .
Cross-references to other related applications may be made when appropriate.” (See § 1.14(a)). 37
C.F.R. § 1.78(a)(2).

B “This application is a

O continuation
O continuation-in-part
X divisional

of copending application(s)
X application number 10/421,629 filed on ___April 23, 2003

a

NOTE:

NOTE:

NOTE:

International Application filed on

and which designated the U.S."

The proper reference to a prior filed PCT application that entered the U.S. national phase is the U.S.
serial number and the filing date of the PCT application that designated the U.S.

(1) Where the application being transmitted adds subject matter to the Interational Application, then
the filing can be as a continuation-in-part or (2) if it is desired to do so for other reasons then the filing
can be as a continuation.

The deadline for entering the national phase in the U.S. for an international application was clarified
in the Notice of April 28, 1987 (1079 O.G. 32 to 46) as follows:

“The Patent and Trademark Office considers the Intemational application to be pending until the 22™
month from the prionty date if the United States has been designated and no Demand for
International Preliminary Examination has been filed prior to the expiration of the 19™ month from the
prionity date and until the 32™ month from the priority date if a Demand for Intemational Preliminary
Examination which elected the United States of America has been filed prior to the expiration of the
19" month from the priority date, provided that a copy of the intemational application has been
communicated to the Patent and Trademark Office within the 20 or 30 month period respectively. If a
copy of the intemational application has not been communicated to the Patent and Trademark Office
within the 20 or 30 month period respectively, the intemnational application becomes abandoned as to
the United States 20 or 30 months from the priority date respectively. These periods have been
placed in the rules as paragraph (h) of § 1.494 and paragraph (i) of § 1.495. A continuing application
under 35 U.S.C. 365(c) and 120 may be filed any time during the pendency of the intemational
application.”

“The nonprovisional application designated above, namely application
/ , filed , claims the benefit of U.S.
Provisional Application(s) No(s).:

APPLICATION NO(S).: FILING DATE

/

/

/

O

Where more than one reference is made above, please combine all references
into one sentence.

(Added Pages for Application Transmittal Where Benefit of Prior U.S. Application(s) Claimed
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18. Relate Back — 35 U.S.C. 119 Priority Claim for Prior Application

The prior U.S. application(s), including any prior International Application designating the
U.S., identified above in item 17B, in turn itself claim(s) foreign priority(ies) as follows:

Country Applin. No. Filed on
The certified copy(ies) has (have)

O been filed on , in prior application 0/ , which was filed on

O s (are) attached.

WARNING: The certified copy of the priority application that may have been communicated to the PTO by
the Intemational Bureau may not be relied on without any need to file a certified copy of the
prionity application in the continuation application. This is so because the certified copy of the
priority application communicated by the Intemational Bureau is placed in a folder and is not
assigned a U.S. serial number unless the national stage is entered. Such folders are disposed
of if the national stage is not entered. Therefors, such certified copies may not be available if
needed later in the prosecution of a continuing application. An alternative would be to physically
remove the priority documents from the folders and transfer them to the continuing application.
The resources required to request transfer, retrieve the folders, make suitable record notations,
transfer the certified copies, enter and make a record of such copies in the Continuing
Application are substantial. Accordingly, the priority documents in folders of intemational
applications that have not entered the national stage may not be relied on. Notice of April 28,
1987 (1079 O.G. 32 to 46).

19. Maintenance of Copendency of Prior Application

NOTE: The PTO finds it useful if a copy of the petition filed in the prior application extending the term for
response is filed with the papers constituting the filing of the continuation application. Notice of
November 5, 1985 (1060 O.G. 27).

A. O Extension of time in prior application

(This item must be completed and the papers filed in the prior application, if the period set -
in the prior application has run.)

O A petition, fee and response extends the term in the pending prior
application until .

O A copy of the petition filed in prior application is attached.
B. O Conditional Petition for Extension of Time in Prior Application
(complete this item, if previous item not applicable)

O A conditional petition for extension of time is being filed in the
pending prior application.

O A copy of the conditional petition filed in the prior application is
attached.

(Added Pages for Application Transmittal Where Benefit of Prior U.S. Application(s) Claimed
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20. Further Inventorship Statement Where Benefit of Prior\Application(s) Claimed

(complete applicable item (a), (b) and/or (c) below)

(a) O This application discloses and claims only subject matter disclosed in the prior

(b) O

()

application whose particulars are set out above and the inventor(s) in this
application are

O the same.

O less than those named in the prior application. It is requested that the
following inventor(s) identified for the prior application be deleted:

(type name(s) of inventor(s) to be deleted)
This application discloses and claims additional disclosure by amendment and a
new declaration or oath is being filed. With respect to the prior application, the
inventor(s) in this application are
O the same.

O the following additional inventor(s) have been added:

(type name(s) of inventor(s) to be added)
The inventorship for all the claims in this application are

Xl the same

O not the same. An explanation, including the ownership of the various claims
at the time the last claimed invention was made

O is submitted.
O will be submitted.

(Added Pages for Application Transmittal Where Benefit of Prior U.S. Application(s) Claimed
([4-1.1] - page 4 of 5)
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Abandonment of Prior Application (if applicable)

O Please abandon the prior application at a time while the prior application is
pending, or when the petition for extension of time or to revive in that application is
granted, and when this application is granted a filing date, so as to make this
application copending with said prior application.

NOTE: According to the Notice of May 13, 1983 (103, TMOG 6-7), the filing of a continuation or continuation-in-
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part application is a proper response with respect to a petition for extension of time or a petition to revive
and should include the express abandonment of the prior application conditioned upon the granting of the
petition and the granting of a filing date to the continuing application. :

Petition for Suspension of Prosecution for the Time Necessary to File an
Amendment

WARNING: ‘The claims of a new application may be finally rejected in the first Office action in those situations

where (1) the new application is a continuing application of, or a substitute for, an eariier application,
and (2) all the claims of the new application (a) are drawn to the same invention claimed in the earlier
application, and (b) would have been properly finally rejected on the grounds of art of record in the
next Office action if they had been entered in the earlier application.” MPEP, § 706.07(b).

NOTE: Where it is possible that the claims on file will give rise to a first action final for this continuation application
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and for some reason an amendment cannot be filed promptly (e.g., experimental data is being gathered) it
may be desirable to file a petition for suspension of prosecution for the time necessary.

(check the next item, if applicable)

O There is provided herewith a Petition To Suspend Prosecution for the Time
Necessary to File An Amendment (New Application Filed Concurrently)

Small Entity (37 CFR § 1.28(a))

O Applicant has established small entity status by the filing of a statement in parent
application 0 / on

O A copy of the statement previously filed is included.

WARNING: See 37 CFR § 1.28(a).
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NOTIFICATION IN PARENT APPLICATION OF THIS FILING

X A notification of the filing of this
(check one of the following)
Ei continuation
O continuation-in-part
X divisional

is being filed in the parent application, from which this application claims priority under 35
U.S.C. § 120.

(Added Pages for Application Transmittal Where Benefit of Prior U.S. Application(s) Claimed
([4-1.1] - page 5 of 5)
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METHOD AND DEVICE FOR INDICATING QUANTIZER PARAMETERS IN A
VIDEO CODING SYSTEM

This épplication is based on and claims priority to U.S. provisional application No.
60/374,667, filed April 23, 2002.

Field of the Invention

The invention relates to a method, an encoder, a decoder and a device for the coding of
digital video. More specifically, the invention relates to the indication of quantization

parameter (QP) values in a video coding system.

Background of the Invention

Dig_ital video sequences, like ordinary motion pictures recorded on film, comprise a
sequence of still images, the illusion of motion being created by displaying the images one
after the other, typically at a rate between 15 and 30 frames per second.

Each frame of an uncompressed digital video sequence comprises an array of image
pixels. In a commonly used digital video format, known as the Quarter Common Interchange
Format (QCIF), a frame comprises an array of 176 x 144 pixels (i.e. 25,344 pixels). In turn,
each pixel js represented by a certain number of bits, which carry information about the
luminance and/or colour content of the region of the image corresponding to the pixel.
Commonly, a so-called YUV colour model is used to represent the luminance and
chrominance content of the image. The luminance, or Y, component represents the intensity

(brightness) of the image, while the colour content of the image is represented by two

: chrominance or colour difference components, labelled U and V.

Colour models based on a luminance/chrominance representation of image content
provide certain advantages compared with colour models that are based on a representation
involving primary colours (that is Red, Green and Blue, RGB). The human visual system is
more sensitive to intensity variations than it is to colour variations and YUV colour models
exploit this property by using a lower spatial resolution for the chrominance componenté ,
V) than for the luminance component (Y). In this way, the amount of information needed to
code the colour information in an image can be reduced with an acceptable reduction in
image quality.

The lower spatial resolution of the chrominance components is usually attained by sub-

sampling. Typically, each frame of a video sequence is divided into so-called "macroblocks",
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which comprise luminance (Y) information and associated chrominance (U, V) information,
which is spatially sub-sampled. Figufe 1 illustrates one way in which macroblocks can be
formed. As shoWn in Figure 1, a frame of a video sequence represented using a YUV color
model, each component having the same spatial resolution. Macroblocks are formed by
representing a region of 16x16 image pixels in the original image as four blocks of
luminance information, each luminance block comprising an 8x8 array of luminance )
values and two, spatially corresponding, chrominance components (U and V) which are sub-
sampled by a factor of two in both the horizontal and vertical directions to yield
corresponding arrays of 8x8 chrominance (U, V) values. According to certain video coding
recommendations, such as International Télecommunications Union (ITU-T)
recommendation H.26L, the block size used within the macroblocks can be other than 8x8,
for example 4x8 or 4x4 (see T. Wiegand, "Joint Model Number 1", Doc. JVT-A003, Joint
Video Team (JVT) of ISO/IEC MPEG and ITU-T VCEG, Jan. 2002, Sections 2.2 and 2.3).
ITU-T recommendation H.26L also allows macroblocks to be organized together to form so-
called "slices". More specifically, each slice is formed from a number of consecutive
macroblocks in coding order and is encoded in such a way that it can be decoded
independently without making reference to any other slice of the same frame. This
arrangement is advantageous, as it tends to limit the propagation of artefacts in the decoded
video that may arise due to transmission errors. While there is no specific limitation on the
way in which slices may be constructed, one straightforward scheme is to group all the
macroblocks in a single row of a frame together as a slice. This arrangement, together with
the division of a QCIF format image into 16x16 macroblocks is illustrated in Figure 2.

As can be seen from Figure 2, a QCIF image comprises 11x9 macroblocks (in this case
grouped into 9 slices of 11 consecutive macroblocks each). If the luminance blocks and
chrominance blocks are represented with 8 bit resolution (that is by numbers in the range 0 to
255), the total number of bits required per macroblock is (16x16x8)+2x(8x8x8) = 3072 bits.
The number of bits needed to represent a video frame in QCIF format is thus 99x3072 =
304,128 bits. This means that the amount of data required to transmit/record/display an
uncompressed video sequence in QCIF formét, represented using a YUV colour model, at a
rate of 30 frames per second, is more than 9 Mbps (million bits per second). This is an
extremely high data rate and is impractical for use in video recording, transmission and

display applications because of the very large storage capacity, transmission channel capacxty

and hardware performance required.
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If video data is to be transmitted in real-time over a fixed line network such as an ISDN
(Integrated Services Digital Network) or a conventional PSTN (Public Switched Telephone
Network), the available data transmission bandwidth is typically of the order of 64kbits/s. In
mobile videotelephony, where transmission takes place at least in part over a radio
communications link, the available bandwidth can be as low as 20kbits/s. This means that a
significant reduction in the amount of information used to represent video data must be
achieved in order to enable transmission of digital video sequences over low bandwidth
communication networks. For this reason, video compression techniques have been
developed which reduce the amount of information transmitted while retaining an acceptable
image quality.

Video compression methods are based on reducing the redundant and perceptually
irrelevant parts of video sequences. The redundancy in video sequences can be categorised
into spatial, temporal and spectral redundancy. "Spatial redundancy" is the term used to
describe the correlation (similarity) between neighbouring pixels within a frame. The term
"temporal redundancy" expresses the fact that objects appearing in one frame of a sequence
are likely to appear in subsequent frames, while “spectral redundancy" refers to the
correlation between different colour components of the same image.

There is often a significant amounf of spatial redundancy between the pixels that make
up each frame of a digital video sequence. In other words, the value of any pixel within a
frame of the sequénce is substantially the same as the value of other pixels in its immediate
vicinity. Typically, video coding systems reduce spatial redundancy using a technique known
as "block-based transfonn coding", in which a mathematical transformation, such as a two-
dimensional Discrete Cosine Transform (DCT), is applied to blocks of image pixels. This
transforms the image data from a representation comprising pixel values to a form
comprising a set of coefficient values representative of spatial frequency components. This
alternative representation of the image data reduces spatial redundancy significantly and
thereby produces a more compact representation of the image data.

Frames of a video sequence which are compressed using block-based transform coding,
without reference to any other frame within the sequence, are referred to as INTRA-coded or
I-frames.

Generally, video coding systems not only reduce the spatial redundancy within
individual frames of a video sequence, but also make use of a technique known as "motion-
compensated prediction", to reduce the temporal redundancy in the sequence. Using motion-

compensated prediction, the image content of some (often many) of the frames in a digital
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video séquence is "predicted" from one or more other frames in the sequence, known as
"reference” frames. Prediction of image content is achieved by tracking the motion of objects
or regions of an image between a frame to be coded (compressed) and the reference frame(s)
using "motion vectors". As in the case of INTRA-coding, motion compensated prediction of
a video frame is typically performed macroblock-by-macroblock.

Frames of a video sequence, compressed using motion-compensated prediction, are

generally referred to as INTER-coded or P-frames. Motion-compensated prediction alone

rarely provides a sufficiently precise representation of the image content of a video frame and
therefore it is typically necessary to provide a so-called "prediction error" (PE) frame with
each INTER-coded frame. The prediction error frame represents the difference between a
decoded version of the INTER-coded frame and the image content of the frame to be coded.
More specifically, the prediction error frame comprises values that represent the difference
between pixel values in the frame to be coded and corresponding reconstructed pixel values

formed on the basis of a predicted version of the frame in question. Consequently, the

- prediction error frame has characteristics similar to a still image and block-based transform

coding can be applied in order to reduce its spatial redundancy and hence the amount of data
(number of bits) required to represent it.

In order to illustrate the operation of a video coding system in greater detail, reference
will now be made to Figures 3 and 4. Figure 3 is a schematic diagram of a generic video
encoder that employs a combination of INTRA- and INTER-coding to produce a compressed
(encoded) video bit-stream. A corresponding decoder is illustrated in Figure 4 and will be
described later in the text. . .

The video encoder 100 comprises an input 101 for receiving a digital video signal from
a camera or other video source (not shown). It also comprises a transformation unit 104
which is arranged to perform a block-based discrete cosine transform (DCT), a quantizer
106, an inverse quantizer 108, an inverse transformation unit 110, arranged to perform an
inverse block-based discrete cosine transform (IDCT), combiners 112 and 116, and a frame
store 120. The encoder fl;.nher comprises a motion estimator 130, a motion field coder 140
and a motion compensated predictor 150. Switches 102 and 114 are operated co-operatively
by control manager 160 to switch the encoder between an INTRA-mode of video encoding
and an INTER-mode of video encoding. The encoder 100 also comprises a video multiplex
coder 170 which forms a single bit-stream from the various types of infonﬁation produced by
the encoder 100 for further transmission to a remote receiving terminal or, for example, for

storage on a mass storage medium, such as a computer hard drive (not shown).
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Encoder 100 operates as follows. Each frame of uncompressed video provided from the
video source to input 101 is received and processed macroblock by macroblock, preferably in
raster-scan order. When the encoding of a new video sequence starts, the first frame to be
encoded is encoded as an INTRA-coded frame. Subsequently, the encoder is programmed to
code each frame in INTER-coded format, unless one of the following conditions is met: 1) it
is judged that the current macroblock of the frame being coded is so dissimilar from the pixel
values in the reference frame used in its prediction that excessive prediction error
information is produced, in which case the current macroblock is coded in INTRA-coded
format; 2) a predefined INTRA frame repetition interval has expired; or 3) feedback is
received from a receiving terminal indicating a request for a frame to be provided in INTRA-
coded format.

Operation of the encoder 100 in INTRA-coding mode will now be described. In
INTRA-coding mode, the control manager 160 operates the switch 102 to accept video input
from input line 118. The video signal input is received macroblock by macroblock and the
blocks of luminance and chrominance values which make up each macroblock are passed to
the DCT transformation block 104. Here a 2-dimensional discrete cosine transform is
performed and a 2-dimensional array of DCT coefficients is formed for each block.

The DCT coefficients for each block are passed to the quantizer 106, where they are
quantized using a quantization parameter QP. Selection of the quantization parameter QP is
controlled by the control manager 160 via control line 115.

In more detail, quantization of the DCT coefficients is performed by dividing each

. coefficient value by the quantization parameter QP and rounding the result to the nearest

integer. In this way the quantization process yields a set of quantized DCT coefficient values
that have a reduced numerical precision compared with the coefficient values originally
generated by DCT transformation block 104. Thus, in general, each of the quantized DCT
coefficients may be represented by a smaller number of data bits than required to represent
the corresponding coefficient before quantization. Furthermore, certain DCT coefficients are
reduced to zero by the quantization process, thus reducing the number of coefficients that
must be coded. Both these effects result in a reduction in the amount of data (i.e. data bits)
required to represent the DCT coefficients for an image block. Thus, quantization provides a
further mechanism by which the amount of data required to represent each image of the
video sequence can be reduced. It also introduces an irreversible loss of information, which
leads to a corresponding reduction in image quality. While this reduction in image quality

may not always be desirable, quantization of DCT coefficient values does provide the
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possibility to adjust the number of bits required to encode a video sequence to take into
account e.g. the bandwidth available for transmission of the encoded sequence or the desired
quality of the coded video. More specifically, by increasing the value of QP used to quantize
the DCT coefficients, a lower quality, but more compact representation of the video sequence
can be created. Conversely, by reducing the value of QP, a higher quality but less
compressed encoded bit-stream can be formed.

The quantized DCT coefficients for each block are passed from the quantizer 106 to the
video multiplex coder 170, as indicated by line 125 in Figure 1. The video multiplex coder
170 orders the quantized transform coefficients for each block using a zigzag scanning
procedure, thereby converting the two-dimensional array of quantized transform coefficient
values into a one-dimensional array. . Typically, the video multiplex coder 170 next
represents each non-zero quantized coefficient in the one-dimensional array by a pair of
values, referred to as level and run, level being the value of the quantized coefficient and run
being the number of consecutive zero-valued coefficients preceding the coefficient in
question. The run and level values are further compressed using entropy coding. For
example, a method such as variable length coding (VLC) may be used to produce a set of
variable length codewords representative of each (run, level) pair.

Once the (run, level) pairs have been entropy (e.g. variable length) coded, the video
multiplex coder 170 further combines them with control information, also entropy coded, for
example, iusing a variable length coding method appropriate for the kind of information in
question, to form a single compressed bit-stream of coded image information 135. It is this
bit-stream, including the variable length codewords representative of the (run, level) pairs
and control information relating, among other things, to the quantization parameter QP used
for quantizing the DCT coefficients, which is transmitted from the encoder.

A locally decoded version of the macroblock is also formed in the encoder 100. This is

done by passing the quantized t;ansfonn coefficients for each block, output by quantizer 106

>

) through inverse quantizer 108 and applying an inverse DCT transform in inverse

transformation block 110. Inverse quantization is performed by reversing the quantization
operation performed in quantizer 106. More specifically, inverse quantizer 108 attempts to
recover the original DCT coefficient values for a given image block by multiplying each
quantized DCT coefficient value by quantization parameter QP. Because of the rounding
operation performed as part of the quantization process in quantizer 106, it is generally not

possible to recover the original DCT coefficient values exactly. This results in a discrepancy
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between the recovered DCT coefficient values and those originally produced by DCT
transformation block 104 (hence the irreversible loss of information referred to above).

The operations performed by inverse quantizer 108 and inverse transformation block
110 yield a reconstructed array of pixel values for each block of the macroblock. The
resulting decoded image data is input to combiner 112. In INTRA-coding mode, switch 114
is set so that the input to the combiner 112 via switch 114 is zero. In this way, the operation
performed by combiner 112 is equivalent to passing the decoded image data unaltered.

As subsequent macroblocks of the current frame are received and undergo the
previously described encoding and local decoding steps in blocks 104, 106, 108, 110 and
112, a decoded version of the INTRA-coded frame is built up in frame store 120. When the
last macroblock of the current frame has been INTRA-coded and subsequently decoded, the
frame store 120 contains a completely decoded frame, available for use as a prediction
reference frame in coding a subsequently received video frame in INTER-coded format. The
flag indicating INTRA or INTER-code format is provided in line 122.

Operation of the encoder 100 in INTER-coding mode will now be described. In
INTER-coding mode, the control manager 160 operates switch 102 to receive its input from
line 117, which comprises the output of combiner 116. The combiner 116 receives the video
input signal macroblock by macroblock from input 101. As combiner 116 receives the blocks
of luminance and chrominance values which make up the macroblock, it forms
corresponding blocks of prediction error information. The prediction error information
represents the difference between the block in question and its prediction, produced in
motion compensated prediction block 150. More specifically, the prediction error
information for each block of the macroblock comprises a two-dimensional array of values,
each of which represents the difference between a pixel value in the block of luminance or
chrominance information being coded and a decoded pixel value obtained by forming a
motion-compensated prediction for the block, according to the procedure described below.

The prediction error information for each block of the macroblock is passed to DCT
transformation block 104, which performs a two-dimensional discrete cosine transform on
each block of prediction error values to produce a two-dimensional array of DCT transform
coefficients for each block.

The transform coefficients for each prediction error block are passed to quantizer 106
where they are quantized using a quantization parameter QP, in a manner anélogous to that
described above in connection with operation of the encoder in INTRA-coding mode. Again,

selection of the quantizétion parameter QP is controlled by the control manager 160 via
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control line 115. The accuracy of prediction error coding can be adjusted depending on the
available bandwidth and/or required quality of the coded video. In a typical Discrete Cosine
Transform (DCT) based system this is done by varying the Quantizer Parameter (QP) used in
quantizing the DCT coefficients the DCT coefficients to a specific accuracy.

The quantized DCT coefficients representing the prediction error information for each
block of the macroblock are passed from quantizer 106 to video multiplex coder 170, as
indicated by line 125 in Figure 1. As in INTRA-coding mode, the video multiplex coder 170
orders the transform coefficients for each prediction error block using a zigzag scanning
procedure and then represents each non-zero quantized coefficient as a (run, level) pair. It
further compresses the (run, level) pairs using entropy coding, in a manner analogous to that
described above in connection with INTRA-coding mode. Video multiplex coder 170 also
receives motion vector information (described in the following) from motion field codmg
block 140 via line 126 and control information (e.g. including an indication of the
quantization parameter QP) from control manager 160. It entropy codes the motion vector
information and control information and forms a single bit-stream of coded image
information, 135 comprising the entropy coded motion vector, prediction error and control
information. The indication, qz, of the quantization parameter QP is provided to multiplex
xoswe 170 via line 124.

The quantized DCT coefficients representing the prediction error information for each
block of the macroblock are also passed from quantizer 106 to iriverse quantizer 108. Here
they are inverse quantized, in a manner analogous to that previously described in connection
with operation of the encoder in INTRA-coding mode. In INTER-coding mode, the quality
of the encoded video bit-stream and the number of bits required to represent the video
sequence can be adjusted by varying the degree of quantlzatlon applied to the DCT
coefficients representing the prediction error information.

The resulting blocks of inverse quantized DCT coefficients are applied to inverse DCT
transform block 110, where they undergo inverse DCT transformation to produce locally
decoded blocks of prediction error values. The locally decoded blocks of prediction error
values are then input to combiner 112. In INTER-coding mode, switch 114 is set so that the
combiner 112 also receives predicted pixel vaiues for each block of the macroblock,
generated by motion-compensated prediction block 150. The combiner 112 combines each of
the locally decoded blocks of prediction error values with a corresponding block of predicted

pixel values to produce reconstructed image blocks and stores them in frame store 120.
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As subsequent macroblocks of the video signal are received from the video source and
undergo the previously described encoding and decoding steps in blocks 104, 106, 108, 110,
112, a decoded version of the frame is built up in frame store 120. When the last macroblock
of the frame has been processed, the frame store 120 contains a compfetely decoded frame,

available for use as a prediction reference frame in encoding a subsequently received video

. frame in INTER-coded format.

Formation of a prediction for a macroblock of the current frame will now be described.
Any frame encoded in INTER-coded format requires a reference frame for motion-
compensated prediction. This means, necessérily, that when encoding a video sequence, the
first frame to be encoded, whether it is the first frame in the sequence, or some other frame,
must be encoded in INTRA-coded format. This, in turn, means that when the video encoder
100 is switched into INTER-coding mode by control manager 160, a complete reference
frame, formed by locally decoding a previously encoded frame, is already available in the
frame store 120 of the encoder. In general, the reference frame is formed by locally decoding
either an INTRA-coded frame or an INTER-coded frame. '

The first step in forming a prediction for a macroblock of the current frame is
performed by motion estimation block 130. The motion estimation block 130 receives the
blocks of luminance and chrominance values which make up the current macroblock of the
frame to be coded via line 128. It then performs a block matching operation in order to
identify a region in the reference frame which corresponds substantially with the current
macroblock. In order to pefform the block matching operation, motion estimation block
accesses reference frame data stored in frame store 120 via line 127. More specifically,
motion estimation block 130 performs block-matching by calculating difference values (e.g.
sums of absolute differences) representing the difference in pixel values between the
macroblock under examination and c‘andidate best-matching regions of pixels from a
reference frame stored in the frame store 120. A difference value is produced for candidate
regions at all possible positions within a predefined search region of the reference frame and
motion estimation block 130 determines the smallest calculated difference value. The offset
between the macroblock in the current frame and the candidate block of pixel values in the
reference frame that yields the smallest difference value déﬁnes the motion vector for the
macroblock in question.

Once the motion estimation block 130 has produced a motion vector for the
macroblock, it outputs the motion vector to the motion field coding block 140. The motion

field coding block 140 approximates the motion vector received from motion estimation
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block 130 using a motion model comprising a set of basis functions and motion cqefﬁcients.
More specifically, the motion field coding block 140 represents the motion vector as a set of
motion coefficient values which, when multiplied by the basis functions, form an
approximation of the motion vector. Typically, a translational motion model having only two
motion coefficients and basis functions is used, but motion models of greater complexity may
also be used.

The motion coefficients are passed from motion field coding block 140 to motion
compensated prediction block 150. Motion compensated prediction block 150 also receives
the best-matching candidate region of pixel values identified by motion estimation block 130
from frame store 120. Using the approximate representation of the motion vector generated
by motion field coding block 140 and the pixel values of the best-matching candidate region
from the reference frame, motion compensated prediction block 150 generates an array of
predicted pixel values for each block of the macroblock. Each block of predicted pixel values
is passed to combiner 116 where the predicted pixel values are subtracted from the actual
(input) pixel values in the corresponding block of the current macroblock, thereby forming a
set of prediction error blocks for the macroblock.

Operation of the video decoder 260, shown in Figure 2 will now be described. The
decoder 200 comprises a video multiplex decoder 270, which receives an encoded video bit-
stream 135 from the encoder 100 and demultiplexes it into its constituent parts, an inverse
quantizer 210, an inverse DCT transformer 220, a motion compensated prediction block 240,
a frame store 250, a combiner 230, a control manager 260, and an output 280.

The control manager 260 controls the operation of the decoder 200 in response to
whether an INTRA- or an INTER-coded framé is being decoded. An INTRA / INTER trigger
control signal, which causes the decoder to switch between decoding modes is derived, for
example, from picture type information associated with each compressed video frame
received from the encoder. The INTRA / INTER trigger control signal is extracted from the
encoded video bit-stream by the video multiplex decoder 270 and is passed to control
manager 260 via control line 215.

Decoding of an INTRA-coded frame is performed macroblock-by-macroblock. The
video multiplex decoder 270 separates the encoded information for the blocks of the
macroblock from possible control information relating to the macroblock in question. The
encoded information for each block of an INTRA-coded macroblock comprises variable
length codewords representing the VLC coded level and run values for the non-zero

quantized DCT coefficients of the block. The video multiplex decoder 270 decodes the
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variable length codewords using a variable length decoding method corresponding to the
encoding method used in the encoder 100 and thereby recovers the (run, level) pairs. It then
reconstructs the array of quantized uaﬁsfom coefficient values for each block of the
macroblock and passes them to inverse quantizer 210. Any control information relating to the
macroblock is also decoded in the video multiplex decoder using an appropriate decoding
method and is passed to control manager 260. In particular, information relating to the level
of quantization applied to the transform coefficients (i.e. quantization parameter QP) is
extracted from the encoded bit-stream by video multiplex decoder 270 and provided to
control manager 260 via control line 217. The control manager, in turn, conveys this
information to inverse quantizer 210 via control line 218. Inverse quantizer 210 inverse
quantizes the quantized DCT coefficients for each block of the macroblock according to the
control information relating to quantization parameter QP and provides the now inverse
quantized DCT coefficients to inverse DCT transformer 220. The inverse quantization
operation performed by inverse quantizer 210 is identical to that performed by inverse
quantizer 108 in the encoder.

Inverse DCT transformer 220 performs an inverse DCT transform on the inverse
quantized DCT coefficients for each block of the macroblock to form a decoded block of
image information comprising reconstructed pixel values. The reconstructed pixel values for
each block of the macroblock are passed via combiner 230 to the video output 280 of the
decoder where, for example, they can be provided to a display device (not shown). The
reconstructed pixel values for each block of the macroblock are also stored in frame store
250. Because motion-compensated prediction is not used in the encoding/decoding of
INTRA coded macroblocks control manager 260 controls combiner 230 to pass each block of
pixel values as éuch to the video output 280 and frame store 250. As subsequent macroblocks
of the INTRA-coded frame are decoded and stored, a decoded frame is progressively
assembled in the frame store 250 and thus becomes available for use as a reference frame for
motion compensated prediction in connection with the decoding of subsequently received
INTER-coded frames.

INTER-coded frames are also decoded macroblock by macroblock. The video
multiplex decoder 270 receives the encoded video bit-stream 135 and separates the encoded
prediction error information for each block of an INTER-coded macroblock from encoded
motion vector information and possible control information relating to the macroblock in
question. As explained in the foregoing, the encoded prediction error information for each

block of the macroblock typically comprises variable length codewords representing the level
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and run values for the non-zero quantized transform coefficients of the prediction error block
in question. The video multiplex decoder 270 decodes the variable length codewords using a
variable length decoding method corresponding to the encoding method used in the encoder
100 and thereby recovers the (run, level) pairs. It then reconstructs an array of quantized
transform coefficient values for each prediction error block and passes them to inverse
quantizer 210. Control information relating to the INTER-coded macroblock is also decoded
in the video multiplex decoder 270 using an appropriate decoding method and is passed to
control manager 260. Information relating to the level of quantization (QP) applied to the
transform coefficients of the prediction error blocks is extracted from the encoded bit-stream
and provided to control manager 260 via control line 217. The control manager, in turn,
conveys this information to inverse quantizer 210 via control line 218. Inverse quantizer 210
inverse quantizes the quantized DCT coefficients representing the prediction error
information for each block of the macroblock according to the control information relating to
quantization parameter QP and provides the now inverse quantized DCT coefficients to
inverse DCT transformer 220. Again, the inverse quantization operation performed by
inverse quantizer 210 is identical to that performed by inverse quantizer 108 in the encoder.
The INTRA/INTER flag is provided in line 215.

The inverse quantized DCT coefficients representing the prediction error information
for each block are then inverse transformed in the inverse DCT transformer 220 to yield an
array of reconstructed prediction error values for each block of the macroblock.

The encoded motion vector inf"ormation associated with the macroblock is extracted
from the encoded video bit-stream 135 by video multiplex decoder 270 and is decoded. The

decoded motion vector information thus obtained is passed via control line 225 to motion

" compensated prediction block 240, which reconstructs a motion vector for the macroblock

using the same motion model as that used to encode the INTER-coded macroblock in
encoder 100. The reconstructed motion vector approximates the motion vector originally
determined by motion estimation block 130 of the encoder. The motion compensated
prediction block 240 of the decoder uses the reconstructed motion vector to identify the
location of a region of reconstructed pixels in a prediction reference frame stored in frame
store 250. The region of pixels indicated by the reconstructed motion vector is used to form a
prediction for the macroblock in question. More specifically, the motion compensated
prediction block 240 forms an array of pixel values for each block of the macroblock by
copying corresponding pixel values from the region of pixels identified in the reference

frame. These blocks of pixel values, derived from the reference frame, are passed from
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motion compensated prediction block 240 to combiner 230 where they are combined with the
decoded prediction error information. In practice, the pixel values of each predicted block are
added to corresponding reconstructed prediction error values output by inverse DCT
transformer 220. In this way, an array of reconstructed pixel Values for each block of the
macroblock is obtained. The reconstructed pixel values are passed to the video output 280 of
the decoder and are also stored in frame store 250.

As subsequent macroblocks of the INTER-coded frame are decoded and stored,a -
decoded frame is progressively assembled in the frame store 250 and thus becomes available
for use as a reference frame for motion-compensated prediction of other INTER-coded
frames.

As described above, typical video encoding and decoding systems (commonly referred
to as video codecs) are based on motion compensated prediction and prediction error coding.
Motion compensated prediction is obtained by analyzing and coding motion between video
frames and reconstructing image segments using the motion information. Prediction error
coding is used to code the difference between motion compensated image segments and
corresponding se‘gments of the original image. The accuracy of prediction error coding can
be adjusted depending on the available bandwidth and required quality of the coded video. In
a typical Discrete Cosine Transform (DCT) based system this is done by varying the
quantization parameter (QP) used in quantizing the DCT coefficients to a specific accuracy.

It should be noted that, in order to stay in synchronization with the encoder, the

decoder has to know the exact value of the QP used in the coded video sequence. Typically,

~ the QP value is transmitted once per slice leading to increase in the number of bits needed to

encode the image. (As previously explained, a slice contains part of the image and is coded
independenﬂy from other slices in order to avoid propagation of possible transmission errors
inside the picture). For example, if the coding of a single QP value takes 6 bits and 20
images, each divided into 10 slices, are transmitted every second, 1.2kbps is spent for the QP
information alone.

Prior art solutions (for example, the H.26L video coding recommendation presented in
the document by T. Wiegand, "Joint Model Number 1", Doc. JVT-A003, Joint Video Team
(JVT) of ISO/IEC MPEG and ITU-T VCEG, Jan. 2002) code the picture/slice QP parameters
independently with a fixed or variable length code. This leads to increased transmission bit-
rate as described above. More specifically, according to H.26L Joint Model Number 1, the
quantization parameter value QP used in quantizing the DCT coefficient values is typically

indicated in the encoded bit-stream at the beginning of each picture (see T. Wiegand, "Joint
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Model Number 1", Doc. JVT-A003, Joint Video Team (JVT) of ISO/IEC MPEG and ITU-T
VCEQG, Jan. 2002, Section 3.3.1). If the macroblocks within a frame are arranged into slices
then the QP value is also indicated at the beginning of each slice of the frame (e.g. inan
optional slice header portion of the encoded bit-stream). In both cases, the QP value is
indicated aé such or is coded using an appropriate variable length coding scheme. As stated
above, it should be realized that this scheme is very costly in terms of the number of bits
required to represent the quantization parameter information, particularly in situations where
frames are divided into Ihany slices and / or the available bandwidth available for
transmission of the encoded video sequence is low. This is a particularly siggliﬁcant problem
in mobile video applications in which the encoded video bit-stream is transmitted over a
radio communications link. In this situation, the bandwidth available for transmission of the
encoded video bit-stream may be as low as 20kbits/s and the QP information included in the
bit-stream may represent a significant proportion of the overall available bandwidth.
Furthermore, according to H.26L, the value of QP may optionally be varied at the
macroblock level by inserting a quantizer change parameter (Dquant) in the portion of the
encoded bit-stream representative of the macroblock in question (see T. Wiegand, "Joint
Model Number 1", Doc. JVT-A003, Joint Video Team (JV T) of ISO/IEC MPEG and ITU-T
VCEG, Jan. 2002, Section 3.4.7). This leads to a further increase in the amount of
information in the encoded bit-stream that is devoted to the indication of QP related
information.
In view of the foregoing, it should be realised that there is a significant need for an improved

mechanism for indicating information relating to quantization parameter values in video

coding systems.

Summary of the Invention

The present invention improves prior art solutions for indicating QP related
information by introducing a sequence level QP. This allows the encoder application to
decide a video sequence dependent reference QP to be used in coding of the picture / slice
QPs. Now, according to the invention, instead of coding the absolute values of picture / slice
QPs, it is enough to code the difference between the reference sequence QP and the actually
used picture / slice QP. In this way there is no need to transmit a full QP for every picture /
slice, but a statistically smaller difference value is transmitted and used to reconstruct the

picture / slice QP, thus leading to reduction in transmission bit-rate.
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The bit-rate savings are most evident in the case of constant QP. In this case, it is
sufficient to send just one bit per slice to indicate that the sequence QP‘is to be used when
decoding the slice. For example, in the previously described example, the bit-rate for QP is
reduced from 1.2kbps to 0.2kbps (now only one bit needs to be sent instead of six for each
slice). _

According to a first aspect of the invention, there is provided a method of encoding a
digital video sequence, the method being applied in a video coding application to produce an
encoded video bit-stream representative of the digital video sequence. The digital video
sequence comprises a number of frames, each frame of the sequence comprising an array of
pixels and is divided into a plurality of blocks, each block comprising a certain number of
pixels. The method comprises encoding a frame of the digital video sequence by applying
motion compensated prediction to blocks of pixels, thereby producing corresponding blocks
of prediction error values. A transform coding technique is applied to the blocks of prediction
error values to produce sets of transform coefficient values representative of the blocks of
prediction error values and a level of quantization is applied to the sets of transform
coefficient values to yield sets of quantized transform coefficient values. According to the
invention, the method further comprises defining a default level of quantization to be used
throughout encoding of the digital video sequence to quantize the sets of transform
coefficient values.

Advantageously, the method according to the first aspect of the invention is also used
to indicate quantization parameter (QP) values used to quantize sets of transform coefficient
values representative of blocks of pixel values produced for frames coded in INTRA-coding
mode in a manner analogous to that described above for indicating the quantization
parameter values used to quantize sets of transform coefficient values representative of
prediction error values produced for frames coded in INTER-coding mode.

Advantageously, the default level of quantization to be used throughout encoding of the
digital video sequence is specific to the video sequence being encoded. Alternatively, the
default level of quantization is specific to the video coding application.

Preferably, an indication of the default level of quantization to be used throughout
encoding of the digital video sequence is provided. Even more preferably, an indication of
the default level of quantization is provided in the encoded bit-stream representative of the

digital video sequence, Advantaegously, the encoded bit-stream, including the indication of

 the default level of quantization to be used throughout encoding of the digital video

sequence, is transmitted to a video decoding device.
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Advantageously, the default level of quantization to be used throughout encoding of the
digital video sequence to quantize the sets of transform coefficient values can be updated
during encoding of the digital video sequence and a further indication indicative of the
updated default level of quantization is provided. -

The indication of the updated default level of quantization is preferably transmitted to a
video decoding device, advantageously, in the encoded bit-stream representative of the
digital video sequence.

Advantageously, the level of quantization applied to said sets of transform coefficient
values can be adjusted such that the actual level of quantization applied to the sets of
transform coefficient values is different from the default level of quantization to be used
throughout encoding of the video sequence. Preferably, the actual level of quantization
applied is represented as a difference with respéct to the default level of quantization.
Advantageously, an indication of the difference with respect to the default level of
quantization is provided in the encoded bit-stream representative of the digital video
sequence.

In an embodiment of the video encoding method according to the first aspect of the
invention, the level of quantization applied to the sets of transform coefficient values can be
adjusted from one frame of the digital video sequence to another such that an actual level of
quantization applied to the sets of transform coefficients for a particular frame of the digital
video sequencé is different from the default level of quantization to be used throughout
encoding of the digital video sequence. Advantageously, in this embodiment, the actual level
of quantization to be used in the particular frame is represented as a difference with respect to
the default level of quantization and an indication of the difference with respect to the default
level of quantization is provided in the encoded bit-stream representative of the digital video
sequence.

In an alternative embodiment of the video encoding method according to the first
aspect of the invention, the plurality of blocks into which a frame of the digital video
sequence is divided are grouped into one or more segments and the level of quantization
applied to the sets of transform coefficient values can be adjusted from one segment of a
frame to another such that an actual level of quantization applied to the sets of transform
coefficients for a particular segment of a frame is different from the default level of
quantization to be used throughout encoding of the digital video sequence. Advantageously,
in this alternative embodiment, the actual level of quantization to be used in the particular

segment is represented as a difference with respect to the default level of quantization and an
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indication of the difference with respect to the default level of quantization is provided in the
encoded bit-stream representative of the digital video sequence.

Advantageously, if the default level of quantization is to be used to quantize all sets of
transform coefficient values throughout the digital video sequence, an indication of the ‘
default level of quantization is provided together with an indication that said default level is
to be used to quantize all sets of transform coefficient values throughout the digital video
sequence.

According to a second aspect of the invention, there is provided a method of decoding
an encoded digital video sequence, the method being applied in a video decoding application
to produce a decoded digital video sequence. The digital video sequence comprises a number
of frames, each frame of the sequence comprising an array of pixels and being divided into a

plurality of blocks, each block comprising a certain number of pixels, frames of the digital

video sequence having been encoded by applying motion compensated prediction to blocks

of pixels to produce corresponding blocks of prediction error values and applying a transform
coding technique to the blocks of prediction error values to produce sets of transform
coefficient values representative of the blocks of prediction error values and applying a level
of quantlzatlon to the sets of transform coefficient values to yleld sets of quantized transform
coefficient values representative of the blocks of prediction error values. According to the
invention, the decoding method comprises defining a default level of inverse quantization to
be used throughout decoding of the encoded digital video sequence to inverse quantize the
sets of quantized transform coefficient values.

Advantageously, the default level of inverse quantization is identical to a default level
of quantization used to quantize the sets of transform coefficient values during encoding of
the video sequence.

Advantageously, the default level of inverse quantization defined to be used throughout
decoding of the encoded digital video sequence is specific to the encoded video sequence
being decoded. Alternatively, the default level of inverse quantization is specific to the video
decoding application.

Advantageously, the decoding method comprises retrieving an indication of the default
level of inverse quantization, preferably from a bit-stream representative of the encoded
digital video sequence.

Advantageously, the default level of inverse quantization can be updated during
decoding of the digital video sequence. Preferably, updating of the default level of inverse

quantization is performed responsive to an indication of an updated default level of
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quantization used during encoding of the video sequence, retrieved from a bit-stream
representative of the encoded digital video sequence. Alternatively, the default level of
inverse quantization is updated responsive to an indication of an updated default level of
quantization used during encoding of the video sequence, transmitted from a video encoding
device. '

Advantageously, the level of inverse quantization applied to the sets of quantized
transform coefficient values can be adjusted such that an actual level of inverse quantization
applied to the sets of quantized transform coefficient values is different from the default level
of inverse quantization to be used throughout decoding of the encoded digital video
sequence. In this case, the actual level of inverse quantization is determined by adding a
difference value to the default level of inverse quantization, the difference value being
representative of the difference between the default level of inverse quantization and the
actual level of inverse quantization to be applied. Preferably, an indication of the difference
value is retrieved from a bit-stream representative of the encoded digital video sequence.

In an embodiment of the video decoding method‘according to the second aspect of the
invention, the level of inverse quantization applied to the sets of quantized transform
coefficient values is adjusted from one frame of the digital video sequence to another such
that an actual level of inverse quantization applied to the sets of quantized transform
coefficients for a particular frame of the digital video sequence is different from the default
level of inverse quantization to be used throughout decoding of the encoded digital video
sequence. Advantageously, in this embodiment, the actual level of inverse quantization to be
used in the particular frame is determined by adding a frame-specific difference value to the
default level of inverse quantization, the frame-specific difference value being representative
of the difference between the default level of inverse quantization and the actual level of
inverse quantization to be used in the particular frame. Preferably, an indication of said
frame-specific difference value is retrieved from a bit-stream representative of the encoded
digital video sequence. .

In an alternative embodiment of the video decoding method according to the second
aspect of the invention, the plurality of blocks into which a frame of said digital video
sequence is divided are grouped into one or more segments and the level of inverse
quantization applied to the sets of quantized transform coefficient values is adjusted from one
segment of a frame to another such that an actual level of inverse quantization applied to the
sets of quantized transform coefficients for a particular segment of a frame is different from

the default level of inverse quantization to be used throughout decoding of the encoded
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digital video sequence. Advantageously, in this alternative embodiment, the actual level of
inverse quantization to be used in the particular segment is determined by adding a segment-
specific difference value to the default level of inverse quantization, the segment-specific
difference value being representative of the difference between the default level of inverse
quaﬁtization and the actual level of inverse quantization to be used in the particular segment.
Preferably, an indication of the segment-specific difference value is retrieved from a bit-
stream representative of the encoded digital video sequence. _

Accordiﬁg to a third aspect of the invention, there is provided an encoder for encoding
a digital video sequence to produce an encoded video bit-stream representative of the digital
video sequence, the digital video sequence comprising a number of frames, each frame of the
sequence comprising an array of pixels and being divided into a plurality of blocks, each
block comprising a certain number of pixels. The video encoder according to the third aspect
of the invention is arranged to encode a frame of the digital video sequence by applying
motion compensated prediction to blocks of pixels, thereby producing corresponding blocks
of prediction error values. It is further arranged to apply a transform coding technique to
blocks of prediction error values to produce sets of transform coefficient values
representative of said blocks of prediction error values and to apply a level of quantization to
said sets of transform coefficient values to yield sets of quantized transform coefficient
values. According to the invention, the video encoder is further arranged to define a default
level of quantization to be used throughout encoding of the digital video sequence to quantize
the sets of transform coefficient values.

Advantageously, the encoder according to the third aspect of the invention is also
arranged to indicate quantization parameter (QP) values used to quantize sets of transform
coefficient values representative of blocks of pixel values produced for frames coded in
INTRA-coding mode in a manner analogous to that described above for indicatirig the
quantization parameter values used to quantize sets of transform coefficient values
representative of prediction error values produced for frames coded in INTER-coding mode.

Advantageously, the default level of quantization defined by the video encoder is
specific to the video sequence being encoded.

Advantageously, the video encoder is further arranged to provide an indication of the
default level of quantization in the encoded bit-stream representative of the digital video

sequence. Even more advantageously, it is arranged to transmit the encoded bit-stream to a

corresponding video decoder.
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Advantageously the video encoder is further arranged to update the default level of
quantization during encoding of the digital video sequence and to provide an indication of the
updated default level of quantization. Preferably, the encoder is also arranged to transmit the
indication of the updated default level of quantization to a corresponding video decoder.
Advantageously, the encoder includes the indication of the updated default level of
quantization in the encoded bit-stream representative of the digital video sequence.

Preferably, the video encoder is further arranged to adjust the level of quantization
applied to the sets of transform coefficient values and thereby to apply an actual level of
quantization that is different from the default level of quantization. Preferably, the video
encoder is still further arranged to reﬁresent the actual level of quantization as a difference
with respect to the default level of quantization and to provide an indication of the difference
with respect to the default level of quantization in the encoded bit-stream representative of
the digital video sequence.

In one embodiment, a video encoder according to the third aspect of the invention is
arranged to adjust the level of quantization applied to the sets of transform coefficient values
from one frame of the digital video sequence to another. In this way it is arranged to apply an
actual level of quantization to the sets of transform coefficients for a particular frame that is
different from the default level of quantization to be used throughout encoding of the digital
video sequence. Advantageously, the video encoder according to this embodiment is further
arranged to represent the actual level of quantization to be used in the particular frame as a
difference with respect to the default level of quantization and to provide an indication of the
difference with respect to the default level of quantization in the encoded bit-stream
representative of the digital video sequence.

In an alternative embodiment, a video encoder according to the third aspect of the
invention is further arranged to group the plurality of blocks into which a frame of the digital
video sequence is divided into one or more segments and to adjust the level of quantization
applied to the sets of transform coefficient values from one segment of a frame to another. In
this way the video encoder is arranged to apply an actual level of quantization to the sets of
transform coefficients for a particular segment of a frame that is different from the default
level of quantization to be used throughout encoding of the digital video sequence.
Advantageously, the video encoder according to this alternative embodiment is further
arranged to represent the actual level of quantization to be used in the particular segment as a

difference with respect to the default level of quantization and to provide an indication of the
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difference with respect to the default level of quantization in the encoded bit-stream
representative of the digital video sequence.

In a particular embodiment, the video encoder ig arranged to provide an indication of
the default level of quantization and an indication that the default level is to be used to
quantize all sets of transform coefficient values throughout the digital video sequence.

Advantageously, the video encoder according to the third aspect of the invention is
provided in a multimedia terminal. Even more preferably, it is implemented in a radio
telecommunications device. '

According to a fourth aspect of the invention, there is provided a decoder for decoding
an encoded digital video sequence to produce a decoded digital video sequence. The digital
video sequence comprises a number of frames, each frame of the sequence comprising an
array of pixels and being divided into a plurality of blocks, each block comprising a certain
number of pixels, frames of the digital video sequence having been encoded by applying
motion compensated prediction to blocks of pixels to produce corresponding blocks of
prediction error values and applying a transform coding technique to the blocks of prediction
error values to produce sets of transform coefficient values representative of said blocks of
prediction error values and applying a level of quantization to the sets of transform
coefficient values to yield sets of quantized transform coefficient values representative of the
blocks of prediction error values. According to the invention, the video decoder is arranged
to define a default level of inverse quantization to be used throughout decoding of the
éncoded digital video sequence to inverse quantize the sets of quantized transform coefficient
values.

Preferably, the default level of inverse quantization is identical to a default level of
quantization used to quantize the sets of transform coefficient values during encoding of the
video sequence.

Advantageously, the default level of inverse quantization defined to be used throughout
decoding of the encoded digital video sequence is specific to the encoded video sequence
being decoded.

Advantageously, the video decoder is arranged to retrieve an indication of the default
level of inverse quantization, preferably from a bit-stream representative of the encoded
digital video sequcnée.

‘Advantageously, the video decoder is arranged to update the default level of inverse
quantization during decoding of the digital video sequence, preferably by retrieving an

indication of an updated default level of quantization from a bit-stream representative of the
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encoded digital video sequence. Alternatively, the video decoder is arranged to receive an
indication of an updated default level of quantization transmitted from a video encoding
device.

Preferably, the video decoder is arranged to adjust the level of inverse quantization
applied to the sets of quantized transform coefficient values and to apply an actual level of
inverse quantization to the sets of quantized transform coefficient values that is different
from the default level of inverse quantization. Advantageously, the decoder is arranged to
determine the actual level of inverse quantization by adding a difference value to the default
level of inverse quantization, the difference value being representative of the difference
between the default level of inverse quantization and the actual level of inverse quantization
to be applied. Preferably, the video decoder is arranged to retrieve an indication of the
difference value from a bit-stream representative of the encoded digital video sequence.

In one embodiment, a video decoder according to the fourth aspect of the invention is
arranged to adjust the level of inverse quantization applied to the sets of quantized transform
coefficient values from one frame of the digital video sequence to another and to apply an
actual level of inverse quantization to the sets of quantized transform coefficients for a
particular frame of the digital video sequence that is different from the default level of
inverse quantization to be used throughout decoding of the encoded digital video sequence.
Advantageously, the decoder is arranged to determine the actual level of inverse quantization
to be used in the particular frame by adding a frame-specific difference value to the default
level of inverse quantization, the frame-specific difference value being representative of the
difference between the default level of inverse quantization and the actual level of inverse
quantization to be used in the particular frame. Preferably, the video decoder is arranged to
retrieve an indication of the frame-specific difference value from a bit-stream representative
of the encoded digital video sequence.

In an alternative embodiment, a video decoder according to the fourth aspect of the
invention is arranged to decode an encoded video sequence in which the plurality of blocks
into which a frame of said digital video sequence is divided are grouped into one or more
segments and is further arranged to adjust the level of inverse quantization applied to the sets
of quantized transform coefficient values from one segment of a frame to another and to
apply an actual level of inverse quantization to the sets of quantized transform coefficients
for a particular segment of a frame that is different from the default level of inverse
quantization to be used throughout decoding of the encoded digital video sequence.

Preferably, the decoder is arranged to determine the actual level of inverse quantization to be
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used in the particular segment by adding a segment-specific difference value to the default

level of inverse quantization, the segment-specific difference value being representative of

~ the difference between the default level of inverse quantization and the actual level of inverse

quantization to be used in the particular segment. Preferably, the video decoder is arranged to
retrieve an indication of the segment-specific difference value from a bit-stream
representative of the encoded digital video sequence.

According to a fifth aspect of the invention, there is provided a multimedia terminal
comprising an encoder according the third aspect of the invention.

According to a sixth aspect of the invention, there is provided a ﬁultﬂedia terminal
comprising a decoder according to the fourth aspect of the invention.

Preferably, the multimedia terminal according to the fifth and / or sixth aspects of the
invention is a mobile multimedia terminal arranged to communicate with a mobile

telecommunications network by means of a radio connection.

Brief Descriptiqn of the Drawings

Figure 1 illustrates the formation of a 16x16 macroblock according to prior art.

Figure 2 illustrates subdivision of a QCIF picture into 16x16 macroblocks and
grouping of consecutive macroblocks into slices. . _

Figure 3 is a schematic block diagram of a generic video encoder according to prior art.

Figure 4 is a schematic block diagram of a generic video decoder according to prior art
and corresponding to the encoder shown in Figure 3.

Figure 5 is a schematic block diagram of a video encoder according to an embodiment
of the invention.

Figure 6 is a schematic block diagram of a video decoder according to an embodiment
of the invention and corresponding to the encoder shown in Figure 5.

Figure 7 illustrates a decoding process according to one possible embodiment of the
invention. Quantization parameters (QP) for each slice are obtained by adding the Sequence
QP (SQP) to slice specific difference QP values (AQP").

Figure 8 is a schematic block diagram of a multimedia communications terminal in

which the method according to the invention may be implemented.

Detailed Description of the Invention

In a preferred embodiment of the invention a video sequence specific quantization

parameter (QP) is transmitted and used as a reference when coding and decoding the actual
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picture / slice quantization parameters. In this way there is no need to transmit a full QP for
every picture / slice, but a statistically smaller difference vaiue is transmitted and used to
reconstruct the picture / slice QP, thus leading to reduction in transmission bit-rate.

Embodiments of the invention will now be described with reference to Figures 5
through 8.

Figure 5 is a schematic block diagram of a video encoder 600 implemented according
to the preferred embodiment of the invention. The structure of the video encoder shown in
Figure 5 is substantially identical to that of the prior art video encoder illustrated in Figure 3,
with appropriate modifications to those parts of the encoder that perform operations relating
to the quantization of DCT transform coefficients and the signalling of quantization
parameter (QP) values used in the video encoding process. All parts of the video encoder that
implement functions and operate in a manner identical to the previously described prior art
video encoder are identified with identical reference numbers. As the invention is particularly
relevant to the signalling of quantization parameter (QP) values at the slice or frame level, it
will be assumed throughout the following description that video encoder 600 according to the
preferred embodiment of the invention is specifically adapted to apply a video coding
method in which the frames of a video sequence to be coded are divided into macroblocks
and the macroblocks are further grouped into slices, an indication of the quantization
parameter being provided at the beginning of each frame vand at the beginning of each new
slice within a frame. An example of such a video coding method is the previously cited ITU-
T H.26L video coding recommendation, as described in T. Wiegand, "Joint Model Number
1", Doc. JVT-A003, Joint Video Team (JVT) of ISO/IEC MPEG and ITU-T VCEG, Jan.
2002. Alternatively, the method can be applied in a video coding system in which an
indication of the quantization parameter is given only at the beginning of a frame. While the
following detailed description is written specifically to illustrate application of the method
according to the invention in the indication and signalling of slice level quantization
parameters, it should be appreciated that the method can applied in an exactly analogous
manner to the representation of frame (picture) level quantization parameters.

Operation of video encoder 600 will now be considered in detail. When encoding a
digital video sequence, encoder 600 operates in a manner similar to that previously described
in connection with Figure 3 to generate INTRA-coded and INTER-coded compressed video
frames. As explained earlier in the text, in INTRA-coding mode, a Discrete Cosine
Transform (DCT) is applied to each block of image data (pixel values) in order to produce a

corresponding two-dimensional array of transform coefficient values. The DCT operation is
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performed in transform block 104 and the coefficients thus produced are subsequently passed
to quantizer 106, where they are quantized. In INTER-coding mode, the DCT transform
performed in block 104 is applied to blocks of prediction error values. The transform
coefficients produced as a result of this operation are also passed to quantizer 106 where they
too are quantized.

* According to the invention, when starting to encode a new video sequence, encoder
600 determines a default or reference level of quantization that is to be used throughout
encoding of the video sequence to quantize the DCT coefficient values generated in quantizer
106. Throughout the following description, this default or reference level of quantization will
be termed a "sequence level quantization parameter”, or SQP for short. The choice of an SQP
for a given video sequence is controlled by control manager 660 and, for example, may be
based on consideration of the properties of the sequence to be encoded and the bandwidth
available for transmission of the encoded bit-stream produced by the encoder.

In the preferred embodiment of the invention, encoder 600 determines SQP as the
default or reference level of quantization to be used when operating in INTER-coding mode,
ie. in situations when the DCT coefficients generated in transform block 104 are
representative of prediction error values. It should be appreciated that the method according
to the invention can also be applied to the quantization of DCT coefficient values produced
in traditional INTRA-coding mode utilizing no spatial prediction. However, givén the
different origins of the transform coefficients in INTRA- and INTER-coding modes (the
DCT coefficients produced in INTRA-coding mode are derived from pixel values, while
those generated in INTER-coding mode are produced by applying a DCT transform to
prediction error values) it is unlikely that a single SQP value can be determined that is
optimum for quantization of DCT coefficients in both INTRA- and INTER-coding modes.
Therefore, in an embodiment in which the method according to the invention is used in both
INTRA- and INTER-coding mode, two SQP values are preferably be used, one that provides
the most efficient representation of QP value information in INTRA-coding mode and
another that provides the most efficient representation of QP values used during INTER-
coding. In all other respects, the method according to the invention may be applied in a
directly analogous way in both INTRA-and INTER-coding modes. Of course, in an
alternative embodiment, a single SQP value may be defined and used as the sequence level
quantization parameter for both INTRA- and INTER-coded frames. This is a practical
approach especially in modern video coding systems, such as the one described in T.

Wiegand, “Joint Model Number 1, Doc. JVT-A003, Joint Video Team (JVT) of ISO/IEC
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MPEG and ITU-T VCEG, Jan. 2002, where spatial prediction is applied to the INTRA coded
macroblocks before coding the INTRA rediction error with DCT.

It should further be noted that as the majority of frames in a typical video sequence are
encoded as INTER frames, the greatest saving in bit-rate is achieved by applying the method
according to the invention to the representation of QP values in INTER-coding mode. Thus,
in the preferred embodiment of the invention, a single SQP value is used, this value being
indicative of a default or reference value of quantization to be used in quantizing DCT
coefficients representative of prediction error values in INTER-coding mode.

Having determined the SQP value to be used for the sequence, control manager 660
provides an indication of the selected SQP value via control line 122 to video multiplex
coder 670 which, in turn, inserts an indication of the SQP value into the bit-stream 635 of
coded image information representative of the video sequence. Preferably, this indication is
provided in a sequence header portion of the encoded video bit-stream 635.

Video encoder 600 then starts to encode the video sequence. As explained in
connection with the description of prior art video encoder 100, illustrated in Figure 3, the
first frame of the sequence to be encoded is encoded in INTRA-format. As the SQP value
defined according to the preferred embodiment of the invention is specific to the quantization
of DCT coefficient values produced in INTER-coding mode, operation of encoder 600 in
INTRA-coding mode is entirely analogous to that of prior art video encoder 100 and will not
be considered in further detail here. '

Once encoding of the first frame is complete, control manager 660 switches video
encoder 600 into INTER-coding mode. In INTER-coding mode, switch 102 is operated to
receive its input from line 117, which comprises the output of combiner 116. Combiner 116
receives the video input signal macroblock by macroblock from input 101 and forms a block
of prediction error information for each block of the macroblock. The prediction error
information for each block is passed to DCT transformer 104, which performs a two-
dimensional discrete cosine transform on each block of prediction error values to prdduce a
two-dimensional array of DCT transform coefficients for the block in question. The
transform coefficients for each prediction error block are then passed to quantizer 106 where
they are quantized, as previously described, using a quantization parameter QP. The rest of

the INTER-coding process continues as previously described in connection with prior art

video encoder 100.
As each macroblock is received, control manager 660 determines whether the

macroblock currently being processed is the first macroblock of a slice. If it is, the control
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manager determines a quantization parameter value QP to be used in quantizing the DCT
coefficient values generated in DCT transformer 104. It should be noted that it is possible to
make an estimation about the QP based on the bit-budget allowed for the frame, bits already
spent in the previous slices or the same frame and possibly the bits spent for slices in the
previous frame. Having done this, control manager 660 determines a difference (AQP)
between the previously defined sequence level quantization parameter value SQP and the
actual QP value to be used for the slice in question. It then passes an indiéation of this '
difference via control line 624 to video multiplex coder 670, which further includes an
indication of the difference value AQP in bit-stream 635. Preferably, this indication is
provided in a slice header portion of the encoded video bit-stream 635 containing control
information specific to the slice in question. This process is repeated until all slices of the
current frame have been encoded in INTER-coded format, at which point the video encoder
starts to encode the next frame of the video sequence.

A video decoder 700 implemented according to a preferred embodiment of the
invention will now be described with reference to Figure 6. The structure of the video
decoder illustrated in Figure 6 is substantially identical to that of the prior art video decoder
shown in Figure 4, with appropriate modifications to those parts of the decoder that perform
operations relating to the inverse quantization of DCT transform coefficients. All parts of the
video decoder that implement functions and operate in a manner identical to the previously
described prior art video decoder are identified with identical reference numbers.

Here it is assumed that the video decoder of Figure 6 corresponds to the encoder
described in connection with Figure 5 and is therefore capable of receiving and decoding the
bit-stream 635 transmitted by encoder 600. As previously described, in the preferred
embodiment of the invention, encoder 600 determines a sequence level quantization
parameter SQP to be used in INTER-coding mode. Correspondingly, decoder 700 is adapted
to receive an indication of this SQP value and to use the sequence level quantization
parameter SQP in the deteﬁnination of inverse quantization parameters to be applied to
blocks of quantized transform coefficient values (representative of prediction error values)
received in the encoded bit-stream for INTER-coded frames. In an alternative embodiment
of the invention, the same process may also be applied to quantized transform coefficient
values extracted from the bit-stream for INTRA-coded frames. As explained above, in this
alternative embodiment, an indication of two SQP values may be provided, one for INTRA-

coded frames of the sequence and one for INTER-coded frames. In a further alternative
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embodiment, a single sequence level quantization parameter may be indicated for frames
coded in both INTRA- and INTER-coding modes.

Operation of a video decoder according to the preferred embodiment of the invention
will now be described in detail. Decoder 700 receives bit-stream 635 and separates it into its
constituent parts. This operation is performed by video multiplex decoder 770.

When starting to decode a new sequence, video multiplex decoder 770 first extracts
information and parameters relating to the sequence as a whole from the sequence header
portion of the received bit-stream 635. As explained above in connection with the description
of encoder 600, according to the prefer;ed embodiment of the invention, the sequence header
portion of the bit-stream is modified to contain an indication of the sequence level
quantization parameter SQP used in quantization of DCT coefficient values produced in
INTER-coding mode. Video multiplex decoder extracts the indication of the SQP value from
the bit-stream and, if it was encoded, for example using variable length coding, applies
appropriate decoding to recover the SQP value. It then passes the SQP value to the decoder's
control manager 760, which stores it in the decoder's memory.

Video decoder 700 then starts to decode the encoded frames of the video sequence, the
decoding of each frame commencing as soon as the video decoder starts receiving |
information relating to the frame in video bit-stream 635. Video multiplex decoder 770
extracts an INTRA / INTER trigger control signal from picture type information associated
with each compressed video frame received in the encoded bit-stream 635 and ﬁésses it to
control manager 760 via control line 215. The control manager 760 controls the operation of
the decoder responsive to the INTRA / INTER trigger control signal, so as to switch the
decoder into the correct decoding mode.

In the preferred embodiment of the invention, the decoding of frames coded in INTRA-
format is performed in a manner analogous to that previously described in connection with
the operation of prior art video decoder 200. The decoding of frames encoded in INTER-
format, on the other hand, proceeds as described in the following.

When it receives an indication that the next frame to be decoded is an INTER-coded
frame, extracted from the received bit-stream by video multiplex decoder 770, control
manager 760 switches decoder 700 into INTER-mode. As expiained in connection with the
description of encoder 600, according to the preferred embodiment of the invention, in which
the macroblocks of each frame are grouped into slices, encoded bit-stream 635 comprises
certain slice-specific control information, which includes an indication of a slice-specific QP

value, represented as a difference value AQP with respect to the sequence level quantization
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parameter SQP. Advantageously, the control information specifically related to each slice is
provided in the bit-stream as a header portion specific to the slice in question. On receiving
such a portion of the bit-stream, video multiplex decoder extracts the slice-specific control
information from the slice header portion of the bit-stream and passes the indication of AQP
for the slice, retrieved from the bit-stream, to control manager 760 via control line 717.

Next, control manager 760 determines a level of inverse quantization to be applied to
the quantized DCT coefficients of the macroblocks in the slice. This is done by combining
the AQP value for the slice with the sequence specific quantization parameter SQP,
previously received and stored in the decoder's memory. As described earlier in the text, the
inverse quantization operation performed in the decoder involves multiplying each quantized
DCT coefficient by a value equal to the level of quantization originally applied, that is, by the
QP value used in the corresponding encoder to quantize the DCT coefficients. Thus,
according to the preferred embodiment of the invention, control manager 760 determines the
level of inverse quantization for the macroblocks of the slice by adding the received AQP
value for the slice to SQP. It then passes this value to inverse quantizer 210 via control line
218.

As encoded information for each macroblock of the slice is received in the bit-stream
635, video multiplex decoder 770 separates the encoded prediction error information for each
block of the macroblock from encoded motion vector information. It reconstructs the
quantized DCT transform coefficients representative of the prediction error values for each
block and passes them to inverse quantizer 210. Inverse quantizer 210 then inverse quantizes
the quantized DCT coefficients according to the slice QP constructed from the AQP and SQP
values by control manager 760. It then provides the inverse quantized DCT coefficients to
inverse DCT transformer 220. The rest of the decoding process continues as previously
described in connection with prior art video decoder 200. .

The steps of receiving a slice-specific AQP value, combining AQP with SQP and
inverse quéntizing the qauntized DCT coefficients for each block of the macroblocks within
the slice is repeated for each slice of the frame until all slices of the current INTER-coded
frame have been decoded. At this point video encoder 700 starts decoding the next frame of
the encoded video sequence.

‘ Figure 7 illustrates the way in which slice-specific QP values are reconstructed

according to the preferred embodiment of the invention. As can be seen from the figure, the

process comprises the steps of:
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1. retrieving a sequence level quantization parameter (SQP);

2. retrieving a picture or slice level difference quantization parameter (AQP);

3. adding the difference quantization parameters to the sequence level quantization
parameter to obtain the quantization parameters for a picture or a slice;

4. constructing the received prediction error-coding coefficients by means of said

picture or slice quantization parameter.

Figure 8 presents a terminal device comprising video encoding and decoding
equipment which may be adapted to operate in accordance with the present invention. More
precisely, the figure illustrates a multimedia terminal 80 implemented according to ITU-T
recommendation H.324. The terminal can be regarded as a multimedia transceiver device. It
includes elements that capture, encode and multiplex multimedia data streams for
transmission via a communications network, as well as elements that receive, de-multiplex,
decode and display received multimedia content. ITU-T recommendation H.324 defines the
overall operation of the terminal and refers to other recommendations that govern the
operation of its various constituent parts. This kind of multimedia terminal can be used in
real-time applications such as conversational videotelephony, or non real-time applications
such as the retrieval and / or streaming of video clips, for example from a multimedia content
server in the Internet. '

In the context of the present invention, it should be appreciated that the H.324 terminal
shown in Figure 8 is only one of a number of alternative multimedia terminal

implementations suited to application of the inventive method. It should also be noted that a

-number of alternatives exist relating to the location and implementation of the terminal

equipment. As illustrated in Figure 8, the multimedia terminal may be located in
communications equipment connected to a fixed line telephone network such as an analogue
PSTN (Public Switched Telephone Network). In this case the multimedia terminal' is
equipped with a modem 91, compliant with ITU-T recommendations V.8, V.34 and
optionally V.8bis. Alternatively, the multimedia terminal may be connected to an external
modem. The modem enables conversion of the multiplexed digital data and control signals
produced by the multimedia terminal into an analogue form suitable for transmission over the
PSTN. It further enables the multimedia terminal to receive data and control signals in
analogue form from the PSTN and to convert them into a digital data stream that can be

demultiplexed and processed in an appropriate manner by the terminal.
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An H.324 multimedia terminal may also be implemented in such a way ‘that it can be
connected directly to a digital fixed line network, such as an ISDN (Integrated Services
Digital Network). In this case the modem 91 is replaced with an ISDN user-network
interface. In Figure 8, this ISDN user-network interface is represented by alternative block
92. '

H.324 multimedia terminals may also be adapted for use in mobile communication
applications. If used with a wireless communication link, the modem 91 can be replaced with
any appropriate wireless interface, as represented by alternative block 93 in Figure 8. For
example, an H.324/M multimedia terminal can include a radio transceiver enabling
connection to the current 2" generation GSM mobile telephone network, or the proposed 3"
generation UMTS (Universal Mobile Telephone System).

It should be noted that in multimedia terminals designed for two-way communication,
that is for transmission and reception of video data, it is advantageous to provide both a video
encoder and video decoder implemented according to the present invention. Such an encoder
and decoder pair is often implemented as a single combined functional unit, referred to as a
"codec".

A typical H.324 multimedia terminal will now be described in further detail with
reference to Figure 8.

The multimedia terminal 80 includes a variety of elements referred to as "terminal
equipment". This includes video, audio and telematic devices, denoted generically by

reference numbers 81, 82 and 83, respectively. The video equipment 81 may include, for

“example, a video camera for capturing video images, a monitor for displaying received video

content and optional video processing equipment. The audio equipment 82 typically includes
a microphone, for example for capturing spoken messages, and a loudspeaker for
reproducing received audio content. The audio equipment may also include additional audio
processing units. The telematic equipment 83, may include a data terminal, keyboard,
electronic whiteboard or a still image transceiver, such as a fax unit.

The video equipment 81 is coupled to a video codec 85. The video codec 85 comprises
a video encoder 600 and a corresponding video decoder 700 both implemented according to
the invention (see Figures 5 and 6). The video codec 85 is responsible for encoding captured
video data in an appropriate foﬁn for further transmission over a communications link and
decoding compressed video content received from the communications network. In the

example illustrated in Figure 8, the video codec is implemented according to ITU-T
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recommendation H.26L, with appropriate modifications to implement tﬁe method according
to the invention in both the encoder and the decoder of the video codec.

The terminal’s audio equipment is coupled to an audio codec, denoted in Figure 8 by
reference number 86. Like the video codec, the audio codec comprises an encoder/decoder
pair. It converts audio data captured by the terminal’s audio equipment into a form suitable
for transmission over the communications link and transforms encoded audio data received
from the network back into a form suitable for reproduction, for example on the terminal’s
loudspeaker. The output of the audio codec is passed to a delay block 87. This compensates
for the delays introduced by the video coding process and thus ensures synchronisation of
audio and video content.

The system control block 84 of the multimedia terminal controls end-to-network
signalling using an appropriate control protocol (signalling block 88) to establish a common
mode of operation between a transmitting and a receiving terminal. The signalling block 88
exchanges information about the encoding and decoding capabilities of the transmitting and
receiving terminals and can be used to enable the various coding modes of the video encoder.
The system control block 84 also controls the use of data encryption. Information regarding
the type of encryption to be used in data transmission is passed from encryption block 89 to
the multiplexer/de-multiplexer MUX/DMUX unit) 90.

During data transmission from the multimedia terminal, the MUX/DMUX unit 90
combines encoded and synchronised video and audio streams with data input from the
telematic equipment 83 and possible control data, to form a single bit-stream. Information
concerning the type of data encryption (if any) to be applied to the bit-stream, provided by
encryption block 89, is used to select an encryption mode. Correspondingly, when a
multiplexed and possibly encrypted multimedia bit-stream is being received, MUX/DMUX
unit 90 is responsible for decrypting the bit-stream, dividing it into its constituent multimedia
components and passing those components to the appropriate codec(s) and/or terminal
equipment for decoding and reproduction.

If the multimedia terminal 80 is a mobile terminal, that is, if it is equipped with a radio
transceiver 93, it will be understood by those skilled in the art that it may also comprise
additional elements. In one embodiment it comprises a user interface having a display and a
keyboard, which enables operation of the multimedia terminal 80 by a user, a central
processing unit, such as a microprocessor, which controls the blocks responsible for different
functions of the multimedia terminal, a random access memory RAM, a read only memory

ROM, and a digital camera. The microprocessor’s operating instructions, that is program
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code corresponding to the basic functions of the multimedia terminal 80, is stored in the read-
only memory ROM and can be executed as required by the microprocessor, for example
under control of the user. In accordance with the program code, the microprocessor uses the
radio transceiver 93 to form a connection with a mobile communication network, enabling
the multimedia terminal 80 to transmit information to and receive information from the
mobile communication network over a radio path.

The microprocessor monitors the state of the user interface and controls the digital
camera. In response to a user command, the microprocessor instructs the camera to record
digital images into the RAM. Once an image is captured, or alternatively during the capturing
process, the microprocessor segments the image into image segments (for éxample
macroblocks) and uses the encoder to perform motion compensated encoding of the segments
in order to generate a compressed image sequence, as explained in the foregoing description.
A user may command the multimedia terminal 80 to display the captured images on its
display or to send the compressed image sequence using the radio transceiver 93 to another
multimedia terminal, a video telephone connected to a fixed line network (PSTN) or some
other telecommunications device. In a preferred embodiment, transmission of image data is
started as soon as the first segment is encoded so that the recipient can start a corresponding
decoding process with a minimum delay.

Although described in the context of particular embodiments, it will apparent to those
skilled in the art that a number of modifications and various changes to these teachings may
be made. Thus, while the invention has been particularly shown and described with respect to
one or more preferred embodiments thereof, it will be understood by those skilled in the art
that certain modifications or changes may be made therein without departing from the scope
and spirit of the invention as set forth above.

In particular, according to a second possible embodiment of the invention, a sequence
QP is not transmitted but an application specific constant is used as sequence QP instead.

In a third possible embodiment of the invention the sequence QP can be updated
depending on the changing characteristics of the video sequence if a reliable way of .
transmitting the new sequence QP is available. The updated SQP value can be either included
in the encoded bit-stream representative of the video sequence or can be transmitted directly
from encoder to decoder in an associated control channel. ;

In a fourth possible embodiment of the invention, if QP is constant for the whole video
sequence only the value of the sequence QP is transmitted together with the information that
it should be used as the QP for all the pictures / slices.

33



10

16

20

25

30

PATENT
944-001.107-2

What is claimed is:

1. A method of encoding a digital video sequence for use in a video codir_lg application to
produce an encoded video bit-stream representative of the digital video sequence, the digital
video sequence comprising a number of frames, each frame of said sequence comprising an
array of pixels divided into a plurality of blocks, each block comprising a certain number of
said pixels, said method comprising the steps of:

encoding a frame of the digital video sequence by applying motion compensated
prediction to blocks of pixels for producing corresponding blocks of prediction error values;

applying a transform coding technique to said blocks of prediction error values to
produce sets of transform coefficient values representative of said blocks of prediction error
values; and

defining a default level of quantization for use in encoding of the digital video sequence

to quantize the sets of transform coefficient values.

2. Anencoding method according to claim 1, wherein said default level of quantization is

specific to the video sequence being encoded.

3. Anencoding method according to claim 1, wherein said default level of quantization is

specific to the video coding application.

4. Anencoding method according to claim 1, further comprising the step of providing an

indication of the default level of quantization to a decoding process.

5. Anencoding method according to claim 4, wherein said indication of the default level
of quantization is provided in the encoded bit-stream representative of the digital video

sequence.

6.  Anencoding method according to claim 5, wherein the encoded bit-stream is

transmitted from a video encoding device to a corresponding video decoding device.

7. Anencoding method according to claim 1, wherein the default level of quantization is

updated during the encoding of the digital video sequence, said method further comprising
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the step of providing an indication of the updated default level of quantization to a decoding

process.

8.  Anencoding method according to claim 1, wherein said sets of transform coefficient
values are quantized to yield sets of quantized transform coefficient values representative of
said blocks of prediction error values based on a level of quantization different from the

default level of quantization.

9. Anencoding method according to claim 8, further comprising the step of providing to a

decoding process an indication of a difference between said level of quantization and the

default level of quantization.

10.  An encoding method according to claim 8, wherein said level of quantization is
adjusted from one frame of the digital video sequence to another such that an actual level of
quantization applied to the sets of transform coefficients for a particular frame of the digital

video sequence is different from the default level of quantization.

11.  An encoding method according to claim 10, wherein said actual level of quantization is

representable as a difference with respect to the default level of quantization.

12. An encoding method according to claim 10, further comprising the step of providing to
a decoding process an indication of a difference between said actual ]evel of quantization and

the default level of quantization.

13. Anencoding method according to claim 8, wherein the plurality of blocks of pixels,
into which a frame of said digital video sequence is divided, are grouped into one or more
segments and wherein the level of quantization applied to said sets of transform coefficient
values is adjusted from one segment of a frame to another such that an actual level of
quantization applied to the sets of transform coefficients for a particular segment of a frame is

different from the default level of quantization.

14.  An encoding method according to claim 13, further comprising the step of providing to
a decoding process an indication of a difference between said level of quantxzanon and the

default level of quantization.
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15. A video encoder for encoding a digital video sequence to produce an encoded video bit-
stream representative of the digital video sequence, the digital video sequence comprisihg a
number of frames, each frame of said sequence comprising an array of pixels divided into a

plurality of blocks, each block comprising a certain number of said pixels, said video encoder

comprising:

means for chcoding a frame of the digital video sequence by applying motion
compensated prediction to blocks of pixels to provide corresponding blocks of prediction
error values;

means for transforming said blocks of prediction error values for providing sets of
transform coefficient values representative of said blocks of prediction error values; and

means for selecting a default level of quantization for ql;antizing said sets of transform

coefficient values.

16. A video encoder according to claim 15, wherein said default level of quantization is

specific to the video sequence to be encoded.
17. A video encoder according to claim 15, arranged to provide an indication of said
default level of quantization in the encoded bit-stream representative of the digital video

sequence.

18. A video encoder according to claim 15, wherein said sets of transform coefficient

* values are quantized to yield sets of quantized transform coefficient values representative of

said blocks of prediction error values based on a level of quantization different from the

default level of quantization.

19. A video encoder according to claim 18, arranged to provide an indication of a
difference between said level of quantization and the default level of quantization in the

encoded bit-stream.

20. A video encoder accofding to claim 15, wherein the default level of quantization can be
updated and the video encoder is arranged to provide an indication of the updated default

level of quantization in the encoded bit-stream.
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21. A video encoder according to claim 20, wherein said sets of transform coefficient
values are quantized to yield sets of quantized transform coefficient values representative of
said blocks of prediction error values based on a level of quantization different from the

updated default level of quantization.

22. "A video encoder according to claim 18, wherein said level of quantization applied to
said sets of transform coefficient values can be adjusted from one frame of the digital video
sequence to another so as to apply an actual level of quantization to the sets of transform
coefficients for a particular frame of the digital video sequence and wherein said actual level

of quantization is different from the default level of quantization.

23. A video encoder according to claim 22, arranged to provide an indication of said
difference with respect to the default level of quantization in the encoded bit-stream

representative of the digital video sequence.

24. A video encoder according to claim 18, arranged to group the plurality of blocks into
which a frame of said digital video sequence is divided into one or more segments and to

adjust the level of quantization applied to said sets of transform coefficient values from one

. segment of a frame to another so as to apply an actual level of quantization to the sets of

transform coefficients for a particular segment of a frame, wherein said actual level of
quantization is different from the default level of quantization, said video encoder further
arranged to represent the actual level of quantization for use in the particular segment as a

difference with respect to the default level of quantization.

25. " A video encoder according to claim 24, further arranged to provide an indication of said
difference with respect to the default level of quantization in the encoded bit-stream

representative of the digital video sequence.
26. A video encoder according to claim 15, provided in a multimedia terminal.

27. A video encoder according to claim 15, provided in a radio telecommunications device.

28. A method of decoding an encoded digital video sequence for use in a video decoding

application to produce a decoded digital video sequence, the digital video sequence
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comprising a number of frames, each frame of said sequence comprising an array of pixels
divided into a plurality of blocks, each block comprising a certain number of said pixels,
frames of the digital video sequence encoded by: |

applying motion compensated prediction to blocks of pixels for producing
corresponding blocks of prediction error values;

applying a transform coding technique to said blocks of prediction error values to

produce sets of transform coefficient values representative of said blocks of prediction error
values; and

applying a level of quantization to said sets of transform coefficient values to yield sets
of quantized transform coefficient values representative of said blocks of prediction error
values, wherein an indication of said level of quantization is provided in the encoded bit-
stream including the encoded digital video sequence, said decoding method comprising the
step‘of: _‘

selecting a default level of inverse quantization for use in decoding of the encoded
digital video sequence to inverse quantize the sets of quantized transform coefficient values,
said default level selected based on the indication of said level of quantization provided in the

encoded bit-stream.

29. A decoding method according to claim 28, wherein said default level of inverse

quantization is specific to the encoded video sequence being decoded.

30. A decoding method according to claim 28, wherein said default level of inverse

quantization is specific to the video decoding application.

31. A decoding method according to claim 28, wherein said level of quantization is updated
in said yielding of said sets of quantized transform coefficient values, said decoding method
further comprising the step of updating the default level of inverse quantization in response to

the updated level of quantization.

32. A video decoder for decoding an encoded digital video sequence to produce a decoded
digital video sequence, the digital video sequence comprising a number of frames, each frame
of said sequence comprising an array of pixels divided into a plurality of blocks, each block

comprising a certain number of said pixels, frames of the digital video sequence encoded by:
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applying motion compensated prediction to blocks of pixels for producing
corresponding blocks of prediction error values;
applying a transform coding technique to said blocks of prediction error values to
produce sets of transform coefficient values representative of said blocks of prediction error
values; and
applying a level of quantization to said sets of transform coefficient values to yield sets
of quantized transform coefficient values representative of said blocks of prediction error
values, wherein an indication of said level of quantization is provided in the encoded bit-
stream including the encoded digital video sequence, said video decoder comprising;:
means for retrieving the encoded digital video sequence from the encoded bit-stream;
and
means for selecting a default level of inverse quantization for use in-decoding of the -
encoded digital video sequence to inverse quantize the sets of quantized transform coefficient
values, said default level of inverse quantization selected based on said indication of said

level of quantization provided in the encoded bit-stream.

33. A video decoder according to claim 32, wherein said default level of inverse

quantization is specific to the encoded video sequence being decoded.
34. A video decoder to claim 32, wherein said level of quantization is updated in said

yielding of said sets of quantized transform coefficient values, said video decoder arranged to

update the default level of inverse quantization in response to the updated level of

quantization.
35. A video decoder according to claim 32, provided in a multimedia terminal.

36. A video decoder according to claim 32, provided in a radio telecommunications device.
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Abstract

A method and device for coding of digital video sequence, wherein an indication of
quantization parameter (QP) is provided in the encoded bit-stream for decoding purposes.
The QP related information is indicated by introducing a sequence level quantization
parameter value SQP. More specifically, instead of coding the absolute values of picture/slice
QPs, an indication of the difference AQP between the sequence level quantization parameter
SQP and the picture/slice QP is provided. This eliminates the need to transmit a full QP for
every picture/slice, and enables a statistically smaller difference value to be transmitted, thus
providing a reduction in transmission bit-rate. The difference value is subsequently used in a

corresponding decoder to reconstruct the picture/slice QP.

40



joojqoloew

| 84nbi-

i

T Aq sdwes-qng

i

A

91

n

91

91

91

91

91



QCIF Image

11

Figure 2 -




gel

XNW3Q
/XN

0e

NOILYWILSY | :
(1YY HOId) == e s
¢ aInbi4 At
. boeeenoceaaaap! - ONICOD € =mmmmmeemnann
Q7313 NOILOW
(101904 uopow) A
< l\ y
ozl NUILVIUS M
3¥OLS Q3LVSN3dWOD
0zl INWNS NOILOW
Vd
oSt
ZHHOLIMS  [¢
+
Zht «
+ / — 0
+
/ WHUISNYYL :\ _»
0L} ISHIANI m
oL 1oL !
. —
1€
HILILNYIIO !
3SMAANI o - “
801 o) - // ; -
4 N\ H 9LY
b L# HOLIMS
umw_) DUSRUG00 wioisues poziuen HIZUNVND  |¢ WHOZSNYEL |¢ il 104
0 L \ < ~ e
Zl~  (uoneojpu uopezyuenb) zb 1 / x Bhl _1\ NI 03QIA
p RECTIR TECEEREEREY SRR 04 iy !
Skt UOIS9P HILNI / VHLNI | €} |
B8 . H
S\ .. (pouusuen 1o Bey) 4 | m
(Y3LNI / VMLNI o) Bey) d BLb i /
A:.U.-.....--.., ....... sommmmemad . 10HLNOD ONIGOD S bo.
44" 188610 HILN) / VHLNI
A N 00}



(LYY HOI¥d)

t 8Jnbi4

(10100 uopOW) A

522

0L2

0s2 ove
C {
NOLLOIUS Mg
34018 » Q3LYSNIINOD |g
INVYNS NOLLOW
y
(0744 0Lz
082 y { {
WHOISNYEL HALUNYI IO
o " ISUIANI e ISUIANI |
1NO 03QIA wd M)
ogz— 4 4
] 1]
] )
S —
.“ (uonespur uopezpuend) zb m 8iz
] ]
+ ]
JONLNOD ONIQOD
09¢

(uonesipuj uopezpuenb) zb . £12

(penjwsuen 1o; Sey) ) 2174

o ST TET TP PR SO

(M3LNI / VHLNI 10} Bey): d Num—N
2 P, -

v(ooN

XNNG

S€1




§¢9

Xnwaa
/ XNWN

0¢

> NOLLYWILSE g
m m-:.._m_m Lzl NOLLOW 8z’
[0)°4 Can 4
e eeeeeeanae ONIQ0D cemeececcecmmnnaan .
(orsen uonou) Q7314 NOILOW
97— y
0N_ NOILOIUH 8d
»| QILYSNIIWOD
0217 | MOL1sanvud NOLLOW
Ve
0S1
WHOLIMS @
(48! + e
. + N\ =0
y'y
/o\.o WNHUASNY HL va ."
] 3sw3aNI i
011 ) i
/ -
VLT
HHAZIANYI IV “
801 JSUFANI 201 _“
0 $01 ¥ -
ﬂ N _ 911 +
Am 4 _.J SIU315143903 Wiojsuen paznusnb IzZINYD e WrossNVIL | I#HOLIMS (47T o1
o} 1 \ < < °
1
S Epudoy R N — "' 7 o
1 UOISI3%P YALNI/ VHLNI | 1384 ;
MNI (pomwsuen 10) Sey) 3 : '
oo e e e e "_
(4ALNI/ VYLIN? 10y Sep) d 6111 M
e B TOULNOD ONIGOD o REEEEREE
(44! 203818 YAINI / VYLNI 09
121/ i N—uy1



9 a.nbi4

0LL

052 0vZ
( {
»| QALVSNAIWOD |« Uooan vonow) 4 ~5T2
THOLS ANYYA " NOLLOW A
A
(V144 01z
y { {
omm J INUISNY 8L HAZILNVIIO
PN + ) 3SHIANI ISUAANT g
1N003adla .VJ\ -1 -0
ocz~—" 4 w
; (uOnwIpUT uonezOUEND) Zb | 81T
“ "
“ n UoReoIPUl JOV Ll
(ponjutnuen 103 Sv) o \nSN
70¥LNOD ONIQOD -ee-- --
(ALNI/ VLN 205 Boy) d N.m ¢4
,‘Illllllllllllli!llll'll sascnes

09z . .

"—

XNWa

00L

$€9



-/ 8inbi4

TS BHEC:N

rA-C) b 1 901[S
1% 40 109 3O
408
JRPpeoH
4OV dOV souonbog



Figure 8

.
81 85 oot !
a0 H ]
ISDN 1
d i H223 INETWORK |
VIDEO VIDEO INTERFACE!
EQUIPMENT—] copec . :
91
87 86 87 RS 3
id G.723.1 MODEM | |
V.34, V.
AUDIO AUDIO MUX/ 34.v8 1
EQUIPMEN CODEC DELAY[— pmux -—-

_ MODEM |
83 CONTROL
>~ T.120 V.25TER

TELEMATIC EQUIPMENT
RADIO
TRANS-
CEIVER |
84 e ;
= SIGNALLING . /J
88 93
SYSTEM
CONTROL[™] H.233
ENCRYPTION|
[norvenofl,
80

I

CONNECTION
TOPSTN



S e ey PRI

PR

I e B ANT AT,

A e

[

/clpims; B8 2ownded by wny srmendment sofdrredioialive;

-Best Available-Copy—=- L o R T A T T R T S T

COMIINED DECLARATION AND. ?ow ER.OF ATTOENEY 944001 _10;
‘ : (Dgeizt Numbcr)
Asiwhalow nymed inveptor, Ihtrvbsdéch{é Yiad
- oy residonce, post office Wddmss: and cxuzmshxpnm s staled b"lw BEXE 19 MY RAMS;
‘l bc‘k 2 ) am. the on:m.r] ﬁxs’nnd an!cmwmm (Jﬁdﬁl x:

HepYEae is 'Ji..:ed otlox&) or ong).m] ﬁrhmd o

rch,m on the mverion nmt‘ 'ﬁfELﬂtm ;
PARAMETERS IN.A an _C IIG-SY!

ot PCT In wmvonzi Ayplmb’oaﬂudxht: 5 _
A vue amended-un (xfnppli Fhley ) .‘\
i herchy.silate gt have reviewed and" q.ndzrsud ﬂxc Lomenls of {hashave idérnlied spetibegtiom, miudii‘;,ﬂuc

Lackmowiedse te diiy d&cihsczihfﬁﬂ'néubifw.‘\']ﬁhh fsmt_’aﬁéupﬁsxéhﬁn‘mﬁym&ﬁmam 37°CHR 51 56

Thercly clsim forsign priority: bcncﬁ": m:dcr aS US C’ - ‘-}'.; '

. ornventoss cetificate] or §‘o*(?);ofz:x9 P . P
' tirgm the United States, Tisted, bedo and hn - i 3 e it Co!
Jptent or. Tovenitor's ceriificats,. oz .PCT"inLd(m’zml @mnnbn ba 'mg *ﬁlmg denz’ bzfmc ﬁ:ﬂr of L‘m—. :my featiotion

‘whiich priority:is 2laimad, T U = g
— - . -

“BrionEorrigh-Application. o ?nanrv\ut Tt

. . : N . Ch'h‘d ,I 2 ; .

. (Arplication Nutilier) WWMmRM) T A
g S

L Apuﬂ LenNicaber)

fmmonﬂf?‘iagﬁﬂcm . ~ N e L

B "o, the r).!cnrpmnm:dﬁ\ mlzm

N bcﬂcﬁ_y nltﬁ'l?:.?b&'hﬁ.u’“ﬁ\smdr_@”_' Us




e e — e T " B st Available Copy

qﬂﬁm@ﬁﬁ!ﬂﬂlﬁﬂﬂgi |
04955

PATINT YOADRMA K OFTICE,

Adilress’ il elephiont- ells toz Wi, Fx‘f:.,o& Vp_u_Der\tys,& Molp'ﬁsonm.,? o1 (203) 2651234, Addtcg;
torrmande‘n:c to:

Cusiomer Number . o v . I .
: .AIT."ITLQJUAAF}” ST, | .
{

£ Bercty-déclare (bt all stapments. madrhcmn oom boﬂkdgz o trge: nna thot. 41l spatements. madé' o -
infoprosgon-and beiiel are belieyed’ ‘tarbe. tm:' ﬁ:ge Tt tbcssasameufs weresmage walh“,ba knowledgmtha_e "
mifﬁnl Talge siaroments aud the like so- rondtare x,&ub&rby fane. nrfmvpﬂwn'ncnt crbothy wuder;: Section’ 1001 mf
A5t 18.0F the nitad States Codeyand! inesuch’ \Villﬁll “falgt. mr:muﬂsmgy jeqpadite the walidity of 1naa_ppSLudw-
o nnylwn-'smed thereon. .

A -
Vol b o?snte or ot e (gived e} sl Taiagl quvnwa(s,wvsa CASE).

(*c_,ﬂ (\Q* S : QO/{’/’)—oo‘_', ,
\ @uk_ma‘r‘sﬁigikzﬁirz — - ) o v .. Dag -z

Irmg’

Finll-mscha o sk ol Iniabeter{gseE i aspe, TelEdte’

- .

Tiventots SR . e

. Ptyﬁblﬁc:éddxms. B

“ N 3 Py P —

e i o e e A




gt e e s o @

e~

—Best Avaitable Copy TR

Doc,,emb- 944—001_, o“‘

TAVENGons. ;clming.te uﬁ;ﬁ"ovemcms ina ’%Ir*mon AnNpDEVICE mx InmCAn‘wc' "
QUANTIZER PARAMETERS N 4 VIDEO'CORING SvysTem, whidhisesstbe o .
:rpphcauon far I_:.*ttem}'}atcntl o¥ the United Stmes, Serial No.. 10/43] 1 629 i‘ifedAnrﬂ o
3, 2008 fid a0 the b g and privilegesnnder 2ny and all LcuestPamnt. : :
mtodtherefor "
Imﬁpucst that:: :my :md aj) paténtsAor said-Inventions hieissucd 0! smd quxgna@.

m “SUCCESBOTS, &asrgns a.nd leg;ﬂ teprtsenmm €S; OF to- such nommms a5 ﬂmzy




PO L e & p - Lop - TIET - WL 3 ERRYS. of

LS IVINE N v P

€ v liatura

gtp\«‘idczdfy: (a) The International Convention fbtfﬁe. azacha oflmi‘ustrml
Tié}'onﬁtb ¢$abétitated for
b‘izmy tfl‘;"ilWVvthT‘t may

. Prtpertyas-ameénded; or by any convpationwhick g

‘:'ﬁ;im{‘ii_b_ﬁ‘)'ﬁ_te‘ﬁf’amnL-Coopcmﬁcn thaly,_ a.s;tmcud L
heocesforth be sibstimied. for it.
Léotenantwith said assignes, it SuoceSsofs eRdiabns6d Ingal,
.rgg:csaﬁmﬁw'fs,.thau'ﬂx e-Tights audprop artyinm;mcnuvu}eedam&ccmddcef of any
Enchmbraiide; aod that 1 have Rill Hight toconvey ke S, &5 et éxpessted:

‘Stenetat _(Retne, T Cbis 20 Fh L aycs

Ma»{{) indbe vear 20073 .

_'ﬁm{aymox;) her\.m ﬁliwetet’emd .
Wit gt e

LN




UNITED STATES PATENT AND TRADEMARK OFFIGE

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

PO. Box 1450

Alexandria, Virginia 223131450

www.uspta.gov

FILING or 371(c)

| APPLICATION NUMBER DATE GRP ART UNIT |  FIL FEERECD ATTY.DOCKET.NO TOT CLAIMS | IND CLAIMS
11/881,367 07/26/2007 1150 944-001.107-2 23 3
CONFIRMATION NO. 1389
4955 FILING RECEIPT

WARE FRESSOLA VAN DER SLUYS &
ADOLPHSON, LLP

BRADFORD GREEN, BUILDING 5

755 MAIN STREET, P O BOX 224
MONROE, CT06468

Date Mailed: 08/15/2007

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for
examination in due course. Applicant will be notified as to the results of the examination. Any
correspondence concerning the application must include the following identification information: the U.S.
APPLICATION NUMBER, FILING DATE, NAME OF APPLICANT, and TITLE OF INVENTION. Fees
transmitted by check or draft are subject to collection. Please verify the accuracy of the data presented on
this receipt. If an error is noted on this Filing Receipt, please write to the Office of Initial Patent
Examination's Filing Receipt Corrections. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts"” for this application, please
submit any corrections to this Filing Receipt with your reply to the Notice. When the USPTO
processes the reply to the Notice, the USPTO will generate another Filing Receipt incorporating the
requested corrections

Applicant(s)
Jani Lainema, Irving, TX;

Power of Attorney: The patent practitioners associated with Customer Number 4955
Domestic Priority data as claimed by applicant

This application is a DIV of 10/421,629 04/23/2003 PAT 7,263,125 *
which claims benefit of 60/374,667 04/23/2002
(*)Data provided by applicant is not consistent with PTO records.

Foreign Applications

If Required, Foreign Filing License Granted: 08/15/2007

The country code and number of your priority application, to be used for filing abroad under the Paris Convention, is
US11/881,367

Projected Publication Date: To Be Determined - pending completion of Corrected Papers
Non-Publication Request: No

Early Publication Request: No

Title



Method and device for indicating quantizer parameters in a video coding system

Preliminary Class

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have
no effect in a foreign country, an inventor who wishes patent protection in another country must apply for a
patent in a specific country or in regional patent offices. Applicants may wish to consider the filing of an
international application under the Patent Cooperation Treaty (PCT). An international (PCT) application
generally has the same effect as a regular national patent application in each PCT-member country. The
PCT process simplifies the filing of patent applications on the same invention in member countries, but
does not result in a grant of "an international patent" and does not eliminate the need of applicants to file
additional documents and fees in countries where patent protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must
make an application for patent in that country in accordance with its particular laws. Since the laws of many
countries differ in various respects from the patent law of the United States, applicants are advised to seek
guidance from specific foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the
USPTO must issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S.
patent application serves as a request for a foreign filing license. The application's filing receipt contains
further information and guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically,
the section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for
filing foreign patent applications. The guide is available either by contacting the USPTO Contact Center at
800-786-9199, or it can be viewed on the USPTO website at
http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you
may wish to consult the U.S. Government website, http:/www.stopfakes.gov. Part of a Department of
Commerce initiative, this website includes self-help "toolkits" giving innovators guidance on how to protect
intellectual property in specific countries such as China, Korea and Mexico. For questions regarding patent
enforcement issues, applicants may call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4158).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN
FILING LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all
applications where the conditions for issuance of a license have been met, regardless of whether or not a
license may be required as set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in
37 CFR 5.15(a) unless an earlier license has been issued under 37 CFR 5.15(b). The license is subject to
revocation upon written notification. The date indicated is the effective date of the license, unless an earlier
license of similar scope has been granted under 37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date
thereof unless it is revoked. This license is automatically transferred to any related applications(s) filed under
37 CFR 1.53(d). This license is not retroactive.



The grant of a license does not in any way lessen the responsibility of a licensee for the security of the
subject matter as imposed by any Government contract or the provisions of existing laws relating to
espionage and the national security or the export of technical data. Licensees should apprise themselves of
current regulations especially with respect to certain countries, of other agencies, particularly the Office of
Defense Trade Controls, Department of State (with respect to Arms, Munitions and Implements of War (22
CFR 121-128)); the Bureau of Industry and Security, Department of Commerce (15 CFR parts 730-774); the
Office of Foreign AssetsControl, Department of Treasury (31 CFR Parts 500+) and the Department of
Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN
FILING LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license
under 37 CFR 5.12, if a license is desired before the expiration of 6 months from the filing date of the
application. If 6 months has lapsed from the filing date of this application and the licensee has not received
any indication of a secrecy order under 35 U.S.C. 181, the licensee may foreign file the application pursuant
to 37 CFR 5.15(b).



- -

Page 1 of 2

UNITED STATES PATENT AND TRADEMARK OFFICE

e
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and 'I'rademark Office

! Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandnia, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER | FILING OR 371 (c) DATE [ FIRSTNAMED APPLICANT | ATTORNEY DOCKET NUMBER _ |
11/881,367 _ 07/26/2007 Jani Lainema 944-001.107-2
, CONFIRMATION NO. 1389
4955 FORMALITIES
WARE FRESSOLA VAN DER SLUYS & LETTER

ADOLPHSON, LLP

BRADFORD GREEN, BUILDING 5
755 MAIN STREET, P O BOX 224
MONROE, CT 06468

Date Mailed: 08/15/2007

NOTICE TO FILE CORRECTED APPLICATION PAPERS

Filing Date Granted

An application number and filing date have been accorded to this application. The application is informal since it
does not comply with the regulations for the reason(s) indicated below. Applicant is given TWO MONTHS from
the date of this Notice within which to correct the informalities indicated below. Extensions of time may be
obtained by filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a).

The required item(s) identified below must be timely submitted to avoid abandonment:

¢ A substitute specification excluding claims in compliance with 37 CFR 1.52, 1.121(b)(3), and 1.125 is
required. The substitute specification must be submitted with markings and be accompanied by a clean
version (without markings) as set forth in 37 CFR 1.125(c) and a statement that the substitute specification
contains no new matter (see 37 CFR 1.125(b)). Since a preliminary amendment was present on the filing
date of the application and such amendment is part of the original disclosure of the application, the
substitute specification must include all of the desired changes made in the preliminary amendment. See
37 CFR1.115and 1.215. . :

Applicant is cautioned that correction of the above items may cause the specification and drawings page count to
exceed 100 pages. If the specification and drawings exceed 100 pages, applicant will need to submit the required
application size fee. ‘

Replies should be mailed to:  Mail Stop Missing Parts
‘ Commissioner for Patents
P.O. Box 1450
Alexandria VA 22313-1450

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web.
https://sportal.uspto.gov/authenticate/AuthenticateUserl ocalEPF . html

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or
visit our website at http://www.uspto.gov/ebc.




, Page 2 of 2

If you are not using EFS-Web to submit your reply, you must include a copy of this notice.

Office of Initial Patent Examination (571) 272-4000, or 1-800-PTO-9199
PART 3 - OFFICE COPY




IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In Re Application Of: Lainema Attorney Docket No. 944-001.107-2

o\PE

Application Serial No.: 11/881,367 Art Unit: 2621

AUG 24 2007

Filing Date: July 26, 2007 9, Examiner: to be assigned

Title: METHOD AND DEVICE FOR ATIN G QUANTIZER PARAMETERS IN A VIDEO CODING

SYSTEM

Mail Stop Missing Parts
‘Commissioner of Patents
P.O. Box 1450

Alexandria, VA 22313-1450

RESPONSE TO NOTICE TO FILE CORRECTED APPLICATION PAPERS
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USPTO Customer No. 004955

I hereby certify that this communication is being deposited with the United States
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METHOD AND DEVICE FOR INDICATING QUANTIZER PARAMETERS IN
A VIDEO CODING SYSTEM

This application is a divisional application of and claims priority to a co-pending

.S. paten application Serial No. 10/421.629, filed April 23, 2003, which is based on and
claims priority to U.S. provisional application No. 60/374,667, filed April 23, 2002.

Field of the Invention

The invention relates to a method, an encoder, a decoder and a device for the coding
of digital video. More specifically, the invention relates to the indication of quantization

parameter (QP) values in a video coding system.

Background of the Invention

Digital video sequences, like ordinary motion pictures recorded on film, comprise a
sequence of still images, the illusion of motion being created by displaying fhe images one
after the other, typically at a rate between 15 and 30 frames per second.

Each frame of an uncompressed digital video sequence comprises an array of image
pixels. In a commonly used digital video format, known as the Quarter Common
Interchange Format (QCIF), a frame comprises an array of 176 x 144 pixels (i.e. 25,344
pixels). In turn, each pixel is represented by a certain number of bits, which carry
information about the luminance and/or colour content of the region of the image
corresponding to the pixel. Commonly, a so-called YUV colour model is used to represent
the luminance and chrominance content of the image. The luminance, or Y, component
represents the intensity (brightness) of the image, while the colour content of the image is
represented by two chrominance or colour difference components, labelled U and V.

Colour models based on a luminance/chrominance representation of image content
provide certain advantages compared with colour models that are based on a
representation involving primary colours (that is Red, Green and Blue, RGB). The human
visual system is more sensitive to intensity variations than it is to colour variations and
YUYV colour models exploit this property by using a lower spatial resolution for the
chrominance components (U, V) than for the luminance component (Y). In this way, the
amount of information needed to code the colour information in an image can be reduced '

with an acceptable reduction in image quality.
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The lower spatial resolution of the chrominance components is usually attained by
sub-sampling. Typically, each frame of a video sequence is divided into so-called
"macroblocks", which comprise luminance (Y) information and associated chrominance
U, v) informatiop, which is spatially sub-sampled. Figure 1 illustrates one way in which
macroblocks can be formed. As shown in Figure 1, a frame of a video sequence
represented using a YUV color model, each component having the same spatial
resolution. Macroblocks are formed by representing a region of 16x16 image pixels in the
original image as four blocks of luminance information, each luminance block comprising
an 8x8 array of luminance (Y) values and two, spatially corresponding, chrominance
components (U and V) which are sub-sampled by a factor of two in both the horizontal
and vertical directions to yield corresponding arrays of 8x8 chrominance (U, V) values.
According to certain video codiI;g recommendations, such as International
Telecommunications Union (ITU-T) recommendation H.26L, the block size used within
the macroblocks can be other than 8x8, for example 4x8 or 4x4 (see T. Wiegand, "Joint
Model Number 1", Doc. JVT-A003, Joint Video Team (JVT) of ISO/IEC MPEG and
ITU-T VCEG, Jan. 2002, Sections 2.2 and 2.3). ITU-T recommendation H.26L also
allows macroblocks to be organized together to form so-called "slices". More specifically,
each slice is formed from a number of consecutive macroblocks in coding order and is
encoded in such a way that it can be decoded independently without making reference to
any other slice of the same frame. This arrangement is advantageous, as it tends to limit
the propagation of artefacts in the decoded video that may arise due to transmission errors.
While there is no specific limitation on the way in which slices may be constructed, one
straightforward scheme is to group all the macroblocks in a single row of a frame together
as a slice. This arrangement, together with the division of a QCIF format image into
16x16 macroblocks is illustrated in Figure 2.

As can be seen from Figure 2, a QCIF image comprises 11x9 macroblocks (in this
case grouped into 9 slices of 11 consecutive macroblocks each). If the luminance blocks
and chrominance blocks are represented with 8 bit resolution (that is by numbers in the
range O to 255), the total number of bits required per macroblock is (16x16x8)+2x(8x8x8)
= 3072 bits. The number of bits needed to represent a video frame in QCIF format is thus
99x3072 = 304,128 bits. This means that the amount of data required to
transmit/record/display an uncompressed video sequence in QCIF format, represented

using a YUV colour model, at a rate of 30 frames per second, is more than 9 Mbps



10

16

20

25

30

SUBSTITUTE SPECIFICATION PATENT

(marked-up version) 944-001.107-2
(million bits per second). This is an extremely high data rate and is impractical for use in
video recording, transmission and display applications because of the very large storage
capacity, transmission channel capacity and hardware performance required.

If video data is to be transmitted in real-time over a fixed line network such as an
ISDN (Integrated Services Digital Network) or a conventional PSTN (Public Switched
Telephone Network), the available data transmission bandwidth is typically of the order of
64kbits/s. In mobile videotelephony, where transmission takes place at least in part over a
radio communications link, the available bandwidth can be as low as 201'(bits/s. This
means that a significant reduction in the amount of information used to represent video
data must be achieved in order to enable transmission of digital video sequences over low
bandwidth communication networks. For this reason, video compression techniques have
been developed which reduce the amount of information transmitted while retaining an
acceptable image quality.

Video compression methods are based on reducing the redundant and perceptually
irrelevant parts of video sequences. The redundancy in video sequences can be categorised
into spatial, temporal and spectral redundancy. "Spatial redundancy" is the term used to
describe the correlation (similarity) between neighbouring pixels within a frame. The term
"temporal redundancy" expresses the fact that objects appearing in one frame of a
sequence are likely to appear in subsequent frames, while "spectral redundancy" refers to
the correlation between different colour components of the same image.

There is often a significant amount of spatial redundancy between the pixels that
make up each frame of a digital video sequence. In other words, the value of any pixel
within a frame of the sequence i's substantially the same as the value of other pixels in its
immediate vicinity. Typically, video coding systems reduce spatial redundancy using a
technique known as "block-based transform coding", in which a mathematical
transformation, such as a two-dimensional Discrete Cosine Transform (DCT), is applied

to blocks of image pixels. This transforms the image data from a representation

- comprising pixel values to a form comprising a set of coefficient values representative of

spatial frequency components. This alternative representation of the image data reduces
spatial redundancy significantly and thereby produces a more compact representation of

the image data.
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Frames of a video sequence which are compressed using block-based transform
coding, without reference to any other frame within the sequence, are referred to as
INTRA-coded or I-frames.

Generally, video coding systems not only reduce the spatial redundancy within
individual frames of a video sequence, but also make use of a technique known as
"motion-compensated prediction”, to reduce the temporal redundancy in the sequence.
Using motion-compensated prediction, the image content of some (often many) of the
frames in a digital video sequence is "predicted" from one or more other frames in the
sequence, known as "reference" frames. Prediction of image content is achieved by
tracking the motion of objects or regions of an image betwee'n‘a frame to be coded
(compressed) and the reference frame(s) using "motion vectors"”. As in the case of
INTRA-coding, motion compensated prediction of a video frame is typically performed
macroblock-by-macroblock.

Frames of a video séquence, compressed using motion-compensated prediction, are
generally referred to as INTER-coded or P-frames. Motion-compensated prediction alone
rarely provides a sufficiently precise representation of the image content of a video frame
and therefore it is typically necessary to provide a so-called "prediction error" (PE) frame
with each INTER-coded frame. The prediction error frame represents the difference
between a decoded version of the INTER-coded frame and the image content of the frame -
to be coded. More specifically, the prediction error frame comprises values that represent
the difference between pixel values in the frame to be coded and corresponding
reconstructed pixel values formed on the basis of a predicted version of the frame in
question. Consequently, the prediction error frame has characteristics similar to a still
image and block-based transform coding can be applied in order to reduce its spatial
redundancy and hence the amount of data (number of bits) required to represent it.

In order to illustrate the operation of a video coding system in greater detail,
reference will now be made to Figures 3 and 4. Figure 3 is a schematic diagram of a
generic video encoder that employs a combination of INTRA- and INTER-coding to
produce a compressed (encoded) video bit-stream. A corresponding decoder is illustrated
in Figure 4 and will be described later in the text.

The video encoder 100 comprises an input 101 for receiving a digital video signal
from a camera or other video source (not shown). It also comprises a transformation unit

104 which is arranged to perform a block-based discrete cosine transform (DCT), a
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quantizer 106, an inverse quantizer 108, an inverse transformation unit 110, arranged to
perform an inverse block-based discrete cosine transform (IDCT), combiners 112 and 116,
and a frame store 120. The encoder further comprises a motion estimator 130, a motion
field coder 140 and a motion compensated predictor 150. Switches 102 and 114 are
operated co-operatively by control manager 160 to switch the encoder between an
INTRA-mode of video encoding and an INTER-mode of video encoding. The encoder
100 also comprises a video multiplex coder 170 which forms a single bit-stream from the
various types of information produced by the encoder 100 for further transmission to a
remote receiving terminal or, for example, for storage on a mass storage medium, such as
a computer hard drive (not shown).

Encoder 100 operates as follows. Each frame of uncompressed video provided from
the video source to inbut 101 is received and processed macroblock by macroblock,
preferably in raster-scan order. When the encoding of a new video.sequence starts, the
first frame to be encoded is encoded as an INTRA-coded frame. Subsequently, the
encoder is programmed to code each frame in INTER-coded format, unless one of the
following conditions is met: 1) it is judged that the current macroblock of the frame being
coded is so dissimilar from the pixel values in the reference frame used in its prediction
that excessive prediction error information is produced, in which case the current
macroblock is coded in INTRA-coded format; 2) a predefined INTRA frame repetition
interval has expired; or 3) feedback is received from a receiving terminal indicating a
request for a frame to be provided in INTRA-coded format.

Operation of the encoder 100 in INTRA-coding mode will now be described. In
INTRA-coding mode, the control manager 160 operates the switch 102 to accept video
input from input line 118. The video signal input is received macroblock by macroblock
and the blocks of luminance and chrominance values which make up each macroblock are
passed to the DCT transformation block 104. Here a 2-dimensional discrete cosine
transform is performed and a 2-dimensional array of DCT coefficients is formed for each
block.

The DCT coefficients for each block are passed to the quantizer 106, where they are
quantized using a quantization parameter QP. Selection of the quantization parameter QP
is controlled by the control manager 160 via control line 115.

In more detail, quantization of the DCT coefficients is performed by dividing each

coefficient value by the quantization parameter QP and rounding the result to the nearest



10

15

20

25

30

SUBSTITUTE SPECIFICATION PATENT

(marked-up version) 944-001.107-2
integer. In this way the quantization process yields a set of quantized DCT coefficient
values that have a reduced numerical precision compared with the coefficient values
originally generated by DCT transformation block 104. Thus, in general, each of the
quantized DCT coefficients may be represented by a smaller number of data bits than
required to represent the corresponding coefficient before quantization. Furthermore,
certain DCT coefficients are reduced to zero by the quantization process, thus reducing
the number of coefficients that must be coded. Both these effects result in a reduction in
the amount of data (i.e. data bits) required to represent the DCT coefficients for an image
block. Thus, quantization provides a further mechanism by which the amount of data
required to represent each image of the video sequence can be reduced. It also introduces
an irreversible loss of information, which leads to a corresponding reduction in image
quality. While this reduction in image quality may not always be desirable, quantization of
DCT coefficient values does provide the possibility to adjust the number of bits required
to encode a video sequence to take into account e.g. the bandwidth available for
transmission of the encoded sequence or the desired quality of the coded video. More
specifically, by increasing the value of QP used to quantize the DCT coefficients, a lower
qualify, but more compact representation of the video sequence can be created.
Conversely, by reducing the value of QP, a higher quality but less compressed encoded
bit-stream can be formed.

The quantized DCT coefficients for each block are passed from the quantizer 106 to
the video multiplex coder 170, as indicated by line 125 in Figure 1. The video multiplex
coder 170 orders the quantized transform coefficients for each block using a zigzag
scanning procedure, thereby converting the two-dimensional array of quantized transform
coefficient values into a one-dimensional array. [[.]] Typically, the video multiplex coder
170 next represents each non-zero quantized coefficient in the one-dimensional array by a
pair of values, referred to as level and run, level being the value of the quantized
coefficient and run being the number of consecutive zero-valued coefficients preceding
the coefficient in question. The run and level values are further compressed using entropy
coding. For example, a method such as variable length coding (VLC) may be used to
produce a set of variable length codewords representative of each (run, level) pair.

Once the (run, level) pairs have been entropy (e.g. variable length) coded, the video
multiplex coder 170 further combines them with control information, also entropy coded,

for example, using a variable length coding method appropriate for the kind of



10

15

20

25

30

SUBSTITUTE SPECIFICATION PATENT

(marked-up version) 944-001.107-2
information in question, to form a single compressed bit-stream of coded image
information 135. It is this bit-stream, including the variable length codewords
representative of the (run, level) pairs and control information relating, among other
things, to the quantization parameter QP used for quantizing the DCT coefficients, which
is transmitted from the encoder.

A locally decoded version of the macroblock is also formed in the encoder 100. This
is done by passing the quantized transform coefficients for each block, output by quantizer
106, through inverse quantizer 108 and applying an inverse DCT transform in inverse
transformation block 110. Inverse quantization is performed by reversing the quantization
operation performed in qliantizer 106. More specifically, inverse quantizer 108 attempts to
recover the original DCT coefficient values for a given image block by multiplying each
quantized DCT coefficient value by quantization parameter QP. Because of the rounding
operation performed as part of the quantization process in quantizer 106, it is generally not
possible to recover the original DCT coefficient values exactly. This results in a
discrepancy between the recovered DCT coefficient values and those originally produced
by DCT transformation block 104 (hence the irreversible loss of information referred to
above).

The operations performed by inverse quantizer 108 and inverse transformation block
110 yield a reconstructed array of pixel values for each block of the macroblock. The
resulting decoded image data is input to combiner 112. In INTRA-coding mode, switch
114 is set so that the input to the combiner 112 via switch 114 is zero. In this way, the
operation performed by combiner 1 12. is equivalent to passing the decoded image data
unaltered.

As subsequent macroblocks of the current frame are received and undergo the
previously described encoding and local decoding steps in blocks 104, 106, 108, 110 and
112, a decoded version of the INTRA-coded frame is built up in frame store 120. When
the last macroblock of the current frame has been INTRA-coded and subsequently
decoded, the frame store 120 contains a completely decoded frame, available for use as a
prediction reference frame in coding a subsequently received video frame in INTER-
coded format. The flag indicating INTRA or INTER-code format is provided in line 122.

Operation of the encoder 100 in INTER-coding mode will now be described. In
INTER-coding mode, the control manager 160 operates switch 102 to receive its input

from line 117, which comprises the output of combiner 116. The combiner 116 receives
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the video input signal macroblock by macroblock from input 101. As combiner 116
receives the blocks of luminance and chrominance values which make up the macroblock,
it forms corresponding blocks of prediction error information. The prediction error
information represents the difference between the block in question and its prediétion,
produced in motion compensated prediction block 150. More specifically, the prediction
error information for each block of the macroblock comprises a two-dimensional array of
values, each of which represents the difference between a pixel value in the block of
luminance or chrominance information being coded and a decoded pixel value obtained
by forming a motion-compensated prediction for the block, according to the procedure
described below.

The prediction error information for each block of the macroblock is passed to DCT
transformation block 104, which performs a two-dimensional discrete cosine transform on
each block of prediction error values to produce a two-dimensional array of DCT
transform coefficients for each block.

The transform coefficients for each prediction error block are passed to quantizer
106 where they are quantized using a quantization parameter QP, in a manner analogous
to that described above in connection with operation of the encoder in INTRA-coding
mode. Again, selection of the quantization parameter QP is controlled by the control
manager 160 via control line 115. The accuracy of prediction error coding can be
adjﬁsted depending on the available bandwidth and/or required quality of the coded video.
In a typical Discrete Cosine Transform (DCT) based system this is done by varying the
Quantizer Parameter (QP) used in quantizing the DCT coefficients the DCT coefficients
to a specific accuracy.

The quantized DCT coefficients representing the prediction error information for
each block of the macroblock are passed from quantizer 106 to video multiplex coder 170,
as indicated by line 125 in Figure 1. As in INTRA-coding mode, the video multiplex ‘
coder 170 orders the transform coefficients for each prediction error block using a zigzag
scanning procedure and then represents each non-zero quantized coefficient as a (run,
level) pair. It further compresses the (run, level) pairs using entropy coding, in a manner
analogous to that described above in connection with INTRA-coding mode. Video
multiplex coder 170 also receives motion vector information (described in the following)
from motion field coding block 140 via line 126 and control information (e.g. including an

indication of the quantization parameter QP) from control manager 160. It entropy codes
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the motion vector information and control information and forms a singlé bit-stream of
coded image information, 135 comprising the entropy coded motion vector, prediction
error and control information. The indication, qz, of the quantization parameter QP is
provided to multiplex xoswe 170 via line 124.

The quantized DCT coefficients representing the prediction error information for
each block of the macroblock are also passed from quantizer 106 to inverse quantizer 108.
Here they are inverse quantized, in a manner analogous to that previously described in
connection with operation of the encoder in INTRA-coding mode. In INTER-coding
mode, the quality of the encoded video bit-stream and the number of bits required to
represent the video sequence can be adjusted by varying the degree of quantization
applied to the DCT coefficients representing the prediction error information.

The resulting blocks of inverse quantized DCT coefficients are applied to inverse
DCT transform block 110, where they undergo inverse DCT transformation to produce
locally decoded blocks of prediction error values. The locally decoded blocks of
prediction error values are then input to combiner 112. In INTER-coding mode, switch
114 is set so that the combiner 112 also receives predicted pixel values for each block of
the macroblock, generated by motion-compensated prediction block 150. The combiner
112 combines each of the locally decoded blocks of prediction error values with a
corresponding block of predicted pixel values to produce reconstructed image blocks and
stores them in frame store 120.

As subsequent macroblocks of the video signal are received from the video source
and undergo the previously described encoding and decoding steps in blocks 104, 106,
108, 110, 112, a decoded version of the frame is built up in frame store 120. When the last
macroblock of the frame has been processed, the frame store 120 contains a completely
decoded frame, available for use as a prediction reference frame in encoding a
subsequently received video frame in INTER-coded format.

Formation of a prediction for a macroblock of the current frame will now be
described. Any frame encoded in INTER-coded format requires a reference frame for
motion-compensated prediction. This means, necessarily, that when encoding a video
sequence, the first frame to be encoded, whether it is the first frame in the sequence, or
some other frame, must be encoded in INTRA-coded format. This, in turn, means that
when the video encoder 100 is switched into rNTER-coding mode by control manager

160, a complete reference frame, formed by locally decoding a previously encoded frame,
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is already available in the frame store 120 of the encoder. In general, the reference frame

is formed by locally decoding either an INTRA-coded frame or an INTER-coded frame.

The first step in forming a prediction for a macroblock of the current frame is
performed by motion estimation block 130. The motion estimation block 130 receives the
blocks of luminance and chrominance values which make up the current macroblock of
the frame to be coded via line 128. It then performs a block matching operation in order to
identify a region in the reference frame which corresponds substantially with the current
macroblock. In order to perform the block matching operation, motion estimation block
accesses reference frame data stored in frame store 120 via line 127. More specifically,
motion estimation block 130 performs block-matching by calculating difference values
(e.g. sums of absolute differences) representing the difference in pixel values between the
macroblock under examination and candidate best-matching regions of pixels from a
reference frame stored in the frame store 120. A difference value is produced for
candidate regions at all possible positions within a predefined search region of the
reference frame and motion estimation block 130 determines the smallest calculated
difference value. The offset between the macroblock in the current frame and the
candidate block of pixel values in the reference frame that yields the smallest difference
value defines the motion vector for the macroblock in question.

Once the motion estimation Block 130 has produced a motion vector for the
macroblock, it outputs the motion vector to the motionfield coding block 140. The motion
field coding block 140 approximates the motion vector received from motion estimation
block 130 using a motion model comprising a set of basis functions and motion
coefficients. More specifically, the motion field coding block 140 represents the motion
vector as a set of motion coefficient values which, when multiplied by the basis functions,
form an approximation of the motion vector. Typically, a translational motion model
having only two motion coefficients and basis functions is used, but motion models of
greater complexity may also be used.

The motion coefficients are passed from motion field coding block 140 to motion
compensated prediction block 150. Motion compensated prediction block 150 also
receives the best-matching candidate region of pixel values identified by motion
estimation block 130 from frame store 120. Using the approximate representation of the
motion vector generated by motion field coding block 140 and the pixel values of the best-

matching candidate region from the reference frame, motion compensated prediction
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block 150 generates an array of predicted pixel values for each block of the macroblock.
Each block of predicted pixel values is passed to combiner 116 where the predicted pixel
values are subtracted from the actual (input) pixel values in the corresponding block of the
current macroblock, thereby forming a set of prediction error blocks for the macroblock.

Operation of the video decoder 200, shown in Figure 2 will now be described. The
decoder 200 comprises a video multiplex decoder 270, which receives an encoded video
bit-stream 135 from the encoder 100 and demultiplexes it into its constituent parts, an
inverse quantizer 210, an inverse DCT transformer 220, a motion compensated prediction
block 240, a frame store 250, a combiner 230, a control manager 260, and an output 280.

The control manager 260 controls the operation of the decoder 200 in response to
whether an INTRA- or an INTER-coded frame is being decoded. An INTRA / INTER
trigger control signal, which causes the decoder to switch between decoding modes is
derived, for example, from picture type information associated with each compressed
video frame received from the encoder. The INTRA / INTER trigger control signal is
extracted from the encoded video bit-stream by the video multiplex decoder 270 and is
passed to control manager 260 via control line 215.

Decoding of an INTRA-coded frame is performed macroblock-by-macroblock. The
video multiplex decoder 270 separates the encoded information for the blocks of the
macroblock from possible control information relating to the macroblock in question. The
encoded information for each block of an INTRA-coded macroblock comprises variable
length codewords representing the VLC coded /evel and run values for the non-zero
quantized DCT coefficients of the block. The video multiplex decoder 270 decodes the
variable length codewords using a variable length decoding method corresponding to the
encoding method used in the encoder 100 and thereby recovers the (run, level) pairs. It
then reconstructs the array of quantized transform coefficient values for each block of the
macroblock and passes them to inverse quantizer 210. Any control information relating to
the macroblock is also decoded in the video multiplex decoder using an appropriate
decoding method and is passed to control manager 260. In particular, information relating
to the level of quantization applied to the transform coefficients (i.e. quantization
parameter QP) is extracted from the encoded bit-stream by video multiplex decoder 270
and provided to control manager 260 via control line 217. The control manager, in turn,
conveys this information to inverse quantizer 210 via control line 218. Inverse quantizer

210 inverse quantizes the quantized DCT coefficients for each block of the macroblock
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according to the control information relating to quantization parameter QP and provides

- the now inverse quantized DCT coefficients to inverse DCT transformer 220. The inverse

quantization operation performed by inverse quantizer 210 is identical to that performed
by inverse quantizer 108 in the encoder.

Inverse DCT transformer 220 performs an inverse DCT transform on the inverse
quantized DCT coefficients for each block of the macroblock to form a decoded block of
image information comprising reconstructed pixel values. The reconstructed pixel values
for each block of the macroblock are passed via combiner 230 to the video output 280 of
the decoder where, for éxample, they can be provided to a display device (not shown).
The reconstructed pixel values for each block of the macroblock are also stored in frame
store 250. Because motion-cofnpensated prediction is not used in the encoding/decoding
of INTRA coded macroblocks control manager 260 controls combiner 230 to pass each
block of pixel values as such to the video output 280 and frame store 250. As subsequent
macroblocks of the INTRA-coded frame are deéoded and stored, a decoded frame is
progressively assembled in the frame store 250 and thus becomes available for use as a
reference frame for motion compensated prediction in connection with the decoding of
subsequently received INTER-coded frames.

INTER-coded frames are also decoded macroblock by macroblock. The video
multiplex decoder 270 receives the encoded video bit-stream 135 and separates the
encoded prediction error information for each block of an INTER-coded macroblock from
encoded motion vector information and possible control information relating to the
macroblock in question. As explained in the foregoing, the encoded prediction error
information for each block of the macroblock typically comprises variable length
codewords representing the level and run values for the non-zero quantized transform
coefficients of the prediction error block in question. The video multiplex decoder 270
decodes the variable length codewords using a variable length decoding method
corresponding to the encoding method used in the encoder 100 and thereby recovers the
(run, level) pairs. It then reconstructs an array of quantized transform coefficient values
for each prediction error block and passes them to inverse quantizer 210. Control
information relating to the INTER-coded macroblock is also decoded in the video
multiplex decoder 270 using an appropriate decoding method and is passed to control
manager 260. Information relating to the level of quantization (QP) applied to the

transform coefficients of the prediction error blocks is extracted from the encoded bit-
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stream and provided to control manager 260 via control line 217. The control manager, in
turn, conveys this information to inverse quantizer 210 via control line 218. Inverse
quantizer 210 inverse quantizes the quantized DCT coefficients representing the
prediction error information for each block of the macroblock according to the control
information relating to quantization parameter QP and provides the now inverse quantized
DCT coefficients to inverse DCT transformer 220. Again, the inverse quantization
operation performed by inverse quantizer 210 is identical to that performed by inverse
quantizer 108 in the encoder. The INTRA/INTER flag is provided in line 215.

The inverse quantized DCT coefficients representing the prediction error
information for each block are then inverse transformed in the inverse DCT transformer
220 to yield an array of reconstructed prediction error values for each block of the
macroblock.

The encoded motion vector information associated with the macroblock is extracted
from the encoded video bit-stream 135 by video multiplex decoder 270 and is decoded.
The decoded motion vector information thus obtained is passed via control line 225 to
motion compensated piediction block 240, which reconstructs a motion vector for the
macroblock using the same motion model as that used to encode the INTER-coded
macroblock in encoder 100. The reconstructed motion vector approximates the motion
vector originally determined by motion estimation block 130 of the encoder. The motion
compensated prediction block 240 of the decoder uses the reconstructed motion vector to
identify the location of a region of reconstructed pixels in a prediction reference frame
stored in.frame store 250. The region of pixels indicated by the reconstructed motion
vector is used to form a prediction for the macroblock in question. More specifically, the
motion compensated prediction block 240 forms an array of pixel values for each block of
the macroblock by copying corresponding pixel values from the region of pixels identified
in the reference frame. These blocks of pixel values, derived from the reference frame, are
passed from motion compensated prediction block 240 to combiner 230 where they are
combined with the decoded prediction error information. In practice, the pixel values of
each predicted block are added to corresponding reconstructed prediction error values .
output by inverse DCT transformer 220. In this way, an array of reconstructed pixel
values for each block of the macroblock is obtained. The reconstructed pixel values are

passed to the video output 280 of the decoder and are also stored in frame store 250.
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As subsequent macroblocks of the INTER-coded frame are decoded and stored, a
decoded frame is progressively assembled in the frame store 250 and thus becomes
available for use as a reference frame for motion-compensated prediction of other INTER-
coded frames.

As described above, typical video encoding and decoding systems (commonly
referred to as video codecs) are based on motion compensated prediction and prediction
error coding. Motion compensated prediction is obtained by analyzing and coding motion
between video frames and reconstructing image segments using the motion information.
Prediction error coding is used to code the difference between motion compensated image
segments and corresponding segments of the original image. The accuracy of prediction
error coding can be adjusted depending on the available bandwidth and required quality of
the coded video. In a typical Discrete Cosine Transform (DCT) based system this is done
by varying the quantization parameter (QP) used in quantizing the DCT coefficients to a
specific accuracy.

It should be noted that, in order to stay in synchronization with the encoder, the
decoder has to know the exact value of the QP used in the coded video sequence.
Typically, the QP value is transmitted once per slice leading to increase in the number of
bits needed to encode the image. (As previously explained, a slice contains part of the
image and is coded independently from other slices in order to avoid propagation of
possible transmission errors inside the picture). For example, if the coding of a single QP
value takes 6 bits and 20 images, each divided into 10 slices, are transmitted every second,
1.2kbps is spent for the QP information alone.

Prior art solutions (for example, the H.26L video coding recommendation presented
in the document by T. Wiegand, "Joint Model Number 1", Doc. JVT-A003, Joint Video
Team (JVT) of ISO/IEC MPEG and ITU-T VCEG, Jan. 2002) code the picture/slice QP
parameters independently with a fixed or variable length code. This leads to increased
transmission bit-rate as described above. More specifically, according to H.26L Joint
Model Number 1, the quantization parameter value QP used in quantizing the DCT
coefficient values is typically indicated in the encoded bit-stream at the beginning of each
picture (see T. Wiegand, "Joint Model Number 1", Doc. JVT-A003, Joint Video Team
(JVT) of ISO/IEC MPEG and ITU-T VCEG, Jan. 2002, Section 3.3.1). If the macroblocks
within a frame are arranged into slices then the QP value is also indicated at the beginning

of each slice of the frame (e.g. in an optional slice header portion of the encoded bit-
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stream). In both cases, the QP value is indicated as such or is coded using an appropriate
variable length coding scheme. As stated above, it should be realized that this scheme is
very costly in terms of the number of bits required to represent the quantization parameter
information, particularly in situatjons where frames are divided into many slices and / or
the available bandwidth available for transmission of the encoded video sequence is low.
This is a particularly significant problem in mobile video applications in which the
encoded video bit-stream is transmitted over a radio communications link. In this
situation, the bandwidth available for transmission of the encoded video bit-stream may be
as low as 20kbits/s and the QP information included in the bit-stream may represent a
significant proportion of the overall available bandwidth.

Furthermore, according to H.26L, the value of QP may optionally be varied at the
macroblock level by inserting a quantizer change parémeter (Dquant) in the portion of the
encoded bit-stream representative of the macroblock in question (see T. Wiegand, "Joint
Model Number 1", Doc. JVT-A003, Joint Video Team (JVT) of ISO/IEC MPEG and
ITU-T VCEG, Jan. 2002, Section 3.4.7). This leads to a furthe?r increase in the amount of
information in the encoded bit-stream that is devoted to the indication of QP related
information.

In view of the foregoing, it should be realised that there is a significant need for an
improved mechanism for indicating information relating to quantization parameter values

in video coding systems.

Summary of the Invention

The present invention improves prior art solutions for indicating QP related
information by introducing a sequence level QP. This allows the encoder application to
decide a video sequence dependent reference QP to be used in coding of the picture / slice
QPs. Now, according to the invehtion, instead of coding the absolute values of picture /
slice QPs, it is enough to code the difference between the reference sequence QP and the
actually used picture / slice QP. In this way there is no need to transmit a full QP for every
picture / slice, but a statistically smaller difference value is transmitted and used to
reconstruct the picture / slice QP, thus leading to reduction in transmission bit-rate.

The bit-rate savings are most evident in the case of constant QP. In this case, it is
sufficient to send just one bit per slice to indicate that the sequence QP is to be used when

decoding the slice. For example, in the previously described example, the bit-rate for QP
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is reduced from 1.2kbps to 0.2kbps (now only one bit needs to be sent instead of six for
each slice).

According to a first aspect of the invention, there is provided a method of encoding
a digital video sequence, the method being applied in a video coding application to
produce an encoded video bit-stream representative of the digital video sequence. The
digital video sequence comprises a number of frames, each frame of the sequence
comprising an array of pixels and is divided into a plurality of blocks, each block
comprising a certain number of pixels. The method comprises encoding a frame of the
digital video sequence by applying motion compensated prediction to blocks of pixels,
thereby producing corresponding blocks of prediction error values. A transform coding
technique is applied to the blocks of prediction error values to produce sets of transform
coefficient values representative of the blocks of prediction error values and a level of
quantization is applied to the sets of transform coefficient values to yield sets of quantized
transform coefficient values. According to the invention, the method further comprises
defining a default level of quantization to be used throughout encoding of the digital video
sequence to quantize the sets of transform coefficient values.

Advantageously, the method according to the first aspect of the invention is also
used to indicate quantization parameter (QP) values used to quantize sets of transform
coefficient values representative of blocks of pixel values produced for frames coded in
INTRA-coding mode in a manner analogous to that described above for indicating the
quantization parameter values used to quantize sets of transform coefficient values
representative of prediction error values produced for frames coded in INTER-coding
mode.

Advantageously, the default level of quantization to be used throughout encoding of
the digital video sequence is specific to the video sequence being encoded. Alternatively,
the default level of quantization is specific to the video coding application.

Preferably, an indication of the default level of quantization to be used throughout
encoding of the digital video sequence is provided. Even more preferably, an indication of
the default level of quantization is provided in the encoded bit-stream representative of the
digital video sequence, advantageously[[.]]-Advantaegousty, the encoded bit-stream,
including the indication of the default level of quantization to be used throughout

encoding of the digital video sequence, is transmitted to a video decoding device.
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Advantageously, the default level of quantization to be used throughout encoding of
the digital video sequence to quantize the sets of transform coefficient values can be
updated during encoding of the digital video sequence and a further indication indicative
of the updated default level of quantization is provided.

The indication of the updated default level of quantization is preferably transmitted
to a video decoding device, advantageously, in the encoded bit-stream représentative of
the digital video sequence.

Advantageously, the level of quantization applied to said sets of transform
coefficient values can be adjusted such that the actual level of quantization applied to the
sets of transform coefficient values is different from the default level of quantization to be
used throughout encoding of the video sequence. Preferably, the actual level of
quantization applied is represented as a difference with respect to the default level of
quantization. Advantageously, an indication of the difference with respect to the default
level of quéntization is provided in the encoded bit-stream representative of the digital
video sequence.

In an embodiment of the video encoding method according to the first aspect of the
invention, the level of quantization applied to the sets of transform coefﬁcierit values can
be adjusted from one frame of the digital video sequence to another such that an actual
level of quantization applied to the sets of transform coefficients for a particular frame of
the digital video sequence is different from the default level of quantization to be used
throughout encoding of the digital video sequence. Advantageously, in this embodiment,
the actual level of quantization to be used in the particular frame is represented as a
difference with respect to the default level of quantization and an indication of the
difference with respect to the default level of quantization is pfovided in the encoded bit-
stream representative of the digital video sequence.

In an alternative embodiment of the video encoding method according to the first
aspect of the invention, the plurality of blocks into which a frame of the digital video
sequence is divided are grouped into one or more segments and the level of quantization
applied to the sets of transform coefficient values can be adjusted from one segment of a
frame to another such that an actual level of quantization applied to the sets of transform
coefficients for a particular segment of a frame is different from the default level of
quantization to be used throughout encoding of the digital video sequence.

Advantageously, in this alternative embodiment, the actual level of quantization to be
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used in the particular segment is represented as a difference with respect to the default
level of quantization and an indication of the difference with respect to the default level of
quantization is provided in the encoded bit-stream representative of the digital video
sequence.

Advantageously, if the default level of quantization is to be used to quantize all sets
of transform coefficient values throughout the digital video sequence, an indication of the
default level of quantization is provided together with an indication that said default level
is to be used to quantize all sets of transform coefficient values throughout the digital
video sequence.

According to a second aspect of thé invention, there is provided a method of
decoding an encoded digital video sequence, the method being applied in a video
decoding application to produce a decoded digital video sequence. The digital video
sequence comprises a number of frames, each frame of the sequence comprising an array
of pixels and being divided into a plurality of blocks, each block comprising a certain
xiumber of pixels, frames of the digital video sequence having been encoded by applying
motion compensated prediction to blocks of pixels to produce corresponding blocks of
prediction error values and applying a transform coding technique to the blocks of
prediction error values to produce sets of transform coefficient values representative of the
blocks of prediction error values and applying a level of quantization to the sets of
transform coefficient values to yield sets of quantized transform coefficient values
representative of the blocks of prediction error values. According to the invention, the
decoding method comprises defining a default level of inverse quantization to be used
throughout decoding of the encoded digital video sequence to inverse quantize the sets of
quantized transform coefficient values.

Advantageously, the default level of inverse quantization is identical to a default
level of quantization used to quantize the sets of transform coefficient values during
encoding of the video sequence.

Advantageously, the default level of inverse quantization defined to be used
throughout decoding of the encoded digital video sequence is specific to the encoded
video sequence being decoded. Alternatively, the default level of inverse quantization is

specific to the video decoding application.
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Advantageously, the decoding method comprises retrieving an indication of the
default level of inverse quantization, preferably from a bit-stream representative of the
encoded digital video sequence.

Advantageously, the default level of inverse quantization can be updated during
decéding of the digital video sequence. Preferably, updating of thev default level of inverse
quantization is performed responsive to an indication of an updated default level of
quantization used during encoding of the video sequence, retrieved from a bit-stream
representative of the encoded digital video sequence. Alternatively, the default level of
inverse quantization is updated responsive to an indication of an updated default level of
quantization used during encoding of the video sequence, transmitted from a video
encoding device.

Advantageously, the level of inverse quantization applied to the sets of quantized
transform coefficient values can be adjusted such that an actual level of inverse
quantization applied to the sets of quantized transform coefficient values is different from
the default level of inverse quantization to be used throughout decoding of the encoded
digital video sequence. In this case, the actual level of inverse quantization is determined
by adding a difference value to the default level of inverse quantization, the difference
value being representative of the difference between the default level of inverse
quantization and the actual level of inverse quantization to be applied. Preferably, an
indication of the difference value is retrieved from a bit-stream representative of the
encoded digital video sequence.

In an embodiment of the video decoding method according to the second aspect of
the invention, the level of inverse quantization applied to the sets of quantized transform
coefficient values is adjusted from one frame of the digital video sequence to another such
that an actual level of inverse quantization applied to the sets of quantized fransfonn
coefficients for a particular frame of the digital video sequence is different from the
default level of inverse quantization to be used throughout decoding of the encoded digital
video sequence. Advantageously, in this embodiment, the actual level of inverse
quantization to be used in the particular frame is determined by adding a frame-specific
difference value to the default level of inverse quantization, the frame-specific difference
value being representative of the difference between the default level of inverse

quantization and the actual level of inverse quantization to be used in the particular frame.
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Preferably, an indication of said frame-specific difference value is retrieved from a bit-
stream representative of the encoded digital video sequence.

In an alternative embodiment of the video decoding method according to the second
aspect of the invention, the plurality of blocks into which a frame of said digital video
sequence is divided are grouped into one or more segments and the level of inverse
quantization applied to the sets of quantized transform coefficient values is adjusted from
one segment of a frame to another such that an actual level of inverse quantization applied
to the sets of quantized transform coefficients for a pafticular segment of a frame is
different from the default level of inverse quantization to be used throughout decoding of
the encoded digital video sequence. Advantageously, in this alternative embodiment, the
actual level of inverse quantization to be used in the particular segment is determined by
adding a segment-specific difference value to the default level of inverse quantization, the
segment-specific difference value being representative of the difference between the
default level of inverse quantization and the actual level of inverse quantization to be used
in the particular segment. Preferably,  an indication of the segment-specific difference
value is retrieved from a bit-stream representative of the encoded digital video sequence.

According to a third aspect of the invention, there is provided an encoder for
encoding a digital video sequence to produce an encoded video bit-stream representative
of the digital video sequence, the digital video sequence comprising a number of frames,
each frame of the sequence comprising an array of pixels and being divided into a
plurality of blocks, each block comprising a certain number of pixels. The video encoder
according to the third aspect of the invention is arranged to encode a frame of the digital
video sequence by applying motion compensated prediction to blocks of pixels, thereby
producing corresponding blocks of prediction error values. It is further arranged to apply a
transform coding technique to blocks of prediction error values to produce sets of
transform coefficient values representative of said blocks of prediction error values and to
apply a level of quantization to said sets of transform coefficient values to yield sets of
quantized transform coefficient values. According to the invention, the video encoder is
further arranged to define a default level of quantization to be used throughout encoding
of the digital video sequence to quantize the sets of transform coefficient values.

Advantageously, the encoder according to the third aspect of the invention is also
arranged to indicate quantization parameter (QP) values used to quantize sets of transform

coefficient values representative of blocks of pixel values produced for frames coded in
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INTRA-coding mode in a mannet analogous to that described above for indicating the
quantization parameter values used to quantize sets of transform coefficient values
representative of prediction error values produced for frames coded in INTER-coding
mode.

Advantageously, the default level of quantization defined by the video encoder is
specific to the video sequence being encoded.

Advantageously, the video encoder is further arranged to provide an indication of
the default level of quantization in the encoded bit-stream representative of the digital
video sequence. Even more advantageously, it is arranged to transmit the encoded bit-
stream to a corresponding video decoder.

Advantageously the video encoder is further arranged to update the default level of
quantization during encoding of the digital video sequence and to provide an indication of
the updated default level of quantization. Preferably, the encoder is also arranged to
transmit the indication of the updated default level of quantization to a corresponding
video decoder. Advantageously, the encoder includes the indication of the updated default
level of quantization in the encoded bit-stream representative of the digital video
sequence.

Preferably, the video encoder is further arranged to adjust the level of quantization
applied to the sets of transform coefficient values and thereby to apply an actual level of
quantization that is different from the default level of quantization. Preferably, the video
encoder is still further arranged to represent the actual level of quantization as a difference
with respect to the default level of quantization and to provide an indication of the
difference with respect to the default level of quantization in the encoded bit-stream
representative of the digital video sequence.

In one embodiment, a video encoder according to the third aspect of the invention is
arranged to adjust the level of quantization applied to the sets of transform coefficient
values from one frame of the digital video sequence to another. In this way it is arranged
to apply an actual level of quantization to the sets of transform coefficients for a particular
frame that is different from the default level of quantization to be used throughout
encoding of the digital video sequence. Advantageously, the video encoder according to
this embodiment is further arranged to represent the actual level of quantization to be used

in the particular frame as a difference with respect to the default level of quantization and
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to provide an indication of the difference with respect to the default level of quantization

in the encoded bit-stream representative of the digital video sequence.

In an alternative embodiment, a video encoder according to the third aspect of the
invention is further arranged to group the plurality of blocks into which a frame of the
digital video sequence is divided into one or more segments and to adjust the level of
quantization applied to the sets of transform coefficient values from one segment of a
frame to another. In this way the video encoder is arranged to apply an actual level of
quantization to the sets of transform coefficients for a particular segment of a frame that is
different from the default level of quantization to be used throughout encoding of the
digital video sequence. Advantageously, the video encoder according to this alternative
embodiment is further arranged to represent the actual level of quantization to be used in
the particular segment as a difference with respect to the default level of quantization and
to provide an indication of the difference with respect to the default level of quantization
in the encoded bit-stream representative of the digital video sequence.

In a particular embodiment, the video encoder is arranged to provide an indication
of the default level of quantization and an indication that the default level is to be used to
quantize all sets of transform coefficient values throughout the digital video sequence.

Advantageously, the video encoder according to the third aspect of the invention is
provided in a multimedia terminal. Even more preferably, it is implemented in a radio
telecommunications device.

According to a fourth aspect of the invention, there is provided a decoder for
decoding an encoded digital video sequence to produce a decoded digital video sequence.
The digital video sequence comprises a number of frames, each frame of the sequence
comprising an array of pixels and being divided into a plurality of blocks, each block
comprising a certain number of pixels, frames of the digital video sequence having been
encoded by applying motion compensated prediction to blocks of pixels to produce
corresponding blocks of prediction error values and applying a transform coding
technique to the blocks of prediction error values to produce sets of transform coefficient
values representative of said blocks of prediction error values and applying a level of
quantization to the sets of transform coefficient values to yield sets of quantized transform
coefficient values representative of the blocks of prediction error values. According to the

invention, the video decoder is arranged to define a default level of inverse quantization to
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be used throughout decoding of thé encoded digital video sequence to inverse quantize the

sets of quantized transform coefficient values.

Preferably, the default level of inverse quantization is identical to a default level of
quantization used to quantize the sets of transform coefficient values during encoding of
the video sequence. |

Advantageously, the default level of inverse quantization defined to be used
throughout decoding of the encoded digital video sequence is specific to the encoded
video sequence being decoded.

Advantageously, the video decoder is arranged to retrieve an indication of the
default level of inverse quantization, preferably from a bit-stream representative of the
encoded digital video sequence.

Advantageously, the video decoder is arranged to update the default level of inverse
quantization during decoding of the digital video sequence, preferably by retrieving an
indication of an updated default level of quantization from a bit-stream representative of
the encoded digital video sequence. Alternatively, the video decoder is arranged to receive
an indication of an updated default level of quantization transmitted from a video
encoding device.

Preferably, the video decoder is arranged to adjust the level of inverse quantization
applied to the sets of quantized transform coefficient values and to apply an actual level of .
inverse quantization to the sets of quantized transform coefficient values that is different
from the default level of inverse quantization. Advantageously, the decoder is arranged to
determine the actual level of inverse quantization by adding a difference value to the
default level of inverse quantization, the difference value being representative of the
difference between the default level of inverse quantization and the actual level of inverse
quantization to be applied. Preferably, the video decoder is arranged to retrieve an
indication of the difference value from a bit-stream representative of the encoded digital
video sequence.

In one embodiment, a video decoder according to the fourth aspect of the invention
is arranged to adjust the level of inverse quantization applied to the sets of quantized
transform coefficient values from one frame of the digital video sequence to another and
to apply an actual level of inverse quantization to the sets of quantized transform
coefficients for a particular frame of the digital video sequence that is different from the

default level of inverse quantization to be used throughout decoding of the encoded digital

23



10

15

20

25

30

SUBSTITUTE SPECIFICATION PATENT

(marked-up version) 944-001.107-2
video sequence. Advantageously, the decoder is arranged to determine the actual level of
inverse quantization to be used in the particular frame by adding a frame-specific

difference value to the default level of inverse quantization, the frame-épeciﬁc difference

- value being representative of the difference between the default level of inverse

quantization and the actual level of inverse quantization to be used in the particular frame.
Preferably, the video decoder is arranged to retrieve an indication of the frame-specific
difference value from a bit-stream representative of the encoded digital video sequence.

In an alternative embodiment, a video decoder according to the fourth aspect of the
invention is arranged to decode an encoded video sequence in which the plurality of
blocks into which a frame of said digital video éequence is divided are grouped into one or
more segments and is further arranged to adjust the level of inverse quantization applied
to the sets of quantized transform coefficient values from one segment of a frame to
another and to apply an actual level of inverse quantization to the sets of quantized
transform coefficients for a particular segment of a frame that is different from the default
level of inverse quantization to be used throughout decoding of the encoded digital video
sequence. Preferably, the decoder is arranged to determine the actual level of inverse
quantization to be used in the particular segment by adding a segment-specific difference
value to the default level of inverse quantization, the segment-specific difference value
being representative of the difference between the default level of inverse quantization
and the actual level of inverse quantization to be used in the particular segment.
Preferably, the video decoder is arranged to retrieve an indication of the segment-specific
difference value from a bit-stream representative of the encoded digital video sequence.

According to a fifth aspect of the invention, there is provided a multimedia terminal
comprising an encoder according the third aspect of the invention.

According to a sixth aspect of the invention, there is provided a multimedia terminal
comprising a decoder according to the fourth aspect of the invention.

Preferably, the multimedia terminal according to the fifth and / or sixth aspects of
the invention is a mobile multimedia terminal arranged to communicate with a mobile

telecommunications network by means of a radio connection.

Brief Description of the Drawings

Figure 1 illustrates the formation of a 16x16 macroblock according to prior art.
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Figure 2 illustrates subdivision of a QCIF picture into 16x16 macroblocks and
grouping of consecutive macroblocks into slices.

Figure 3 is a schematic block diagram of a generic video encoder according to prior

Figure 4 is a schematic block diagram of a generic video decoder according to prior
art and corresponding to the encoder shown in Figure 3.

Figure 5 is a schematic block diagram of a video encoder according to an
embodiment of the invention.

Figure 6 is a schematic block diagram of a video decoder according to an
embodiment of the invention and corresponding to the encoder shown in Figure 5.

Figure 7 illustrates a decoding process according to one possible embodiment of the
invention. Quantization parameters (QP) for each slice are obtained by adding the
Sequence QP (SQP) to slice specific difference QP values (AQP").

Figure 8 is a schematic block diagram of a multimedia communications terminal in"

which the method according to the invention may be implemented.

Detailed Description of the Invention

In a preferred embodiment of the invention a video sequence specific quantization
parameter (QP) is transmitted and used as a reference when coding and decoding the
actual picture / slice quantization parameters. In this way there is no need to transmit a full
QP for every picture / slice, but a statistically smaller difference value is transmitted and
used to reconstruct the picture / slice QP, thus leading to reduction in transmission bit-
rate.

Embodiments of the invention will now be described with reference to Figures 5
through 8. '

Figure 5 is a schematic block diagram of a video encoder 600 implemented
according to the preferred embodiment of the invention. The structure of the video
encoder shown in Figure 5 is substantially identical to that of the prior art video encoder
illustrated in Figure 3, with appropriate modifications to those parts of the encoder that
perform operations relating to the quantization of DCT transform coefficients and the
signalling of quantization parameter (QP) values used in the video encoding process. All
parts of the video encoder that implement functions and operate in a manner identical to

the previously described prior art video encoder are identified with identical reference
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numbers. As the invention is particularly relevant to the signalling of quantization
parameter (QP) values at the slice or frame level, it will be assumed throughout the
following description that video encoder 600 according to the preferred embodiment of
the invention is specifically adapted to apply a video coding method in which the frames
of a video sequence to be coded are divided into macroblocks and the macroblocks are
further grouped into slices, an indication of the quantization parameter being provided at
the beginning of each frame and at the beginning of each new slice within a frame. An
example of such a video coding method is the previously cited ITU-T H.26L video coding
recommendation, as described in T. Wiegand, "Joint Model Number 1", Doc. JVT-A003,
Joint Video Team (JVT) of ISO/IEC MPEG and ITU-T VCEG, Jan. 2002. Alternatively,
the method can be applied in a video coding system in which an indication of the
quantization parameter is given only at the beginning of a frame. While the following
detailed description is written specifically to illustrate application of the method according
to the invention in the indication and signalling of slice level quantization parameters, it
should be appreciated that the method can applied in an exactly analogous manner to the
representation of frame (picture) level quantization parameters.

Operation of video encoder 600 will now be considered in detail. When encoding a
digital video sequence, encoder 600 operates in a manner similar to that previously
described in connection with Figure 3 to generate INTRA-coded and INTER-coded
compressed video frames. As explained earlier in the text, in INTRA-coding mode, a
Discrete Cosine Transform (DCT) is applied to each block of image data (pixel values) in
order to produce a corresponding two-dimensional array of transform coefficient values.
The DCT operation is performed in transform block 104 and the coefficients thus
produced are subsequently passed to quantizer 106, where they are quantized. In INTER-
coding mode, the DCT transform performed in block 104 is applied to blocks of
prediction error values. The transform coefficients i)roduced as a result of this operation
are also passed to quantizer 106 where they too are quantized.

According to the invention, when starting to encode a new video sequence, encoder
600 determines a default or reference level of quantization that is to be used throughout
encoding of the video sequence to quantize the DCT coefficient values generated in
quantizer 106. Throughout the following description, this default or reference level of
quantization will be termed a "sequence level quantizafion parameter”, or SQP for short.

The choice of an SQP for a given video sequence is controlled by control manager 660
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and, for example, may be based on consideration of the properties of the sequence to be
encoded and the bandwidth available for transmission of the encoded bit-stream produced
by the encoder.

In the preferred embodiment of the invention, encoder 600 determines SQP as the
default or reference level of quantization to be used when operating in INTER-coding
mode, i.e. in situations when the DCT coefficients generated in transform block 104 are
representative of prediction error values. It should be appreciated that the method
according to the invention can also be applied to the quantization of DCT coefficient
values produced in traditional INTRA-coding mode utilizing no spatial prediction.
However, given the different origins of the transform coefficients in INTRA- and INTER-
coding modes (the DCT coefficients produced in INTRA-coding mode are derived from
pixel values, while those generated in INTER-coding mode are produced by applying a
DCT transform to prediction error values) it is unlikely that a single SQP value can be
determined that is optimum for quantization of DCT coefficients in both INTRA- and
INTER-coding modes. Therefore, in an embodiment in which the method according to the
invention is used in both INTRA- and INTER-coding mode, two SQP values are
preferably be used, one that provides the most efficient representation of QP value
information in INTRA-coding mode and another that provides the most efficient
representation of QP values used during INTER-coding. In all other respects, the method
according to the invention may be applied in a directly analogous way in both INTRA-and
INTER-coding modes. Of course, in an alternative embodiment, a single SQP value may
be defined and used as the sequence level quantization parameter for both INTRA- and
INTER-coded frames. This is a practical approach especially in modern video coding
systems, such as the one described in T. Wiegand, “Joint Model Number 17, Doc. JVT-
A003, Joint Video Team (JVT) of ISO/IEC MPEG and ITU-T VCEG, Jan. 2002, where
spatial prediction is applied to the INTRA coded macroblocks before coding the INTRA
rediction error with DCT.

It should further be noted that as the majority of frames in a typical video sequence
are encoded as INTER frames, the greatest saving in bit-rate is achieved by applying the
method according to the invention to the representation of QP values in INTER-coding
mode. Thus, in the preferred embodiment of the invention, a single SQP value is used, this

value being indicative of a default or reference value of quantization to be used in
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quantizing DCT coefficients representative of prediction error values in INTER-coding
mode.

Having determined the SQP value to be used for the sequence, control manager 660
provides an indication of the selected SQP value via control line 122 to video multiplex
coder 670 which, in turn, inserts an indication of the SQP value into the bit-stream 635 of
coded image information representative of the video sequence. Preferably, this indication
is provided in a sequence header portion of the encoded video bit-stream 635.

Video encoder 600 then starts to encode the video sequence. As explained in
connection with the description of prior art video encoder 100, illustrated in Figure 3, the
first frame of the sequence to be encoded is encoded in INTRA-format. As the SQP value
defined according to the preferred embodiment of the invention is specific to the
quantization of DCT coefficient values produced in INTER-coding mode, operation of
encoder 600 in INTRA-coding mode is entirely analogous to that of prior art video
encoder 100 and will not be considered in further detail here.

Once encoding of the first frame is complete, control manager 660 switches video
encoder 600 into INTER-coding mode. In INTER-coding mode, switch 102 is operated to
receive its input from line 117, which comprises the output of combiner 116. Combiner
116 receives the video input signal macroblock by macroblock from input 101 and forms
a block of prediction error information for each block of the macroblock. The prediction
error information for each block is passed to DCT transformer 104, which performs a two-
dimensional discrete cosine transform on each block of prediction error values to produce
a two-dimensional array of DCT transform coefficients for the block in question. The
transform coefficients for each prediction error block are then passed to quantizer 106
where they are quantized, as previously described, using a quantization parameter QP. The
rest of the INTER-coding process continues as previously described in connection with
prior art video encoder 100.

As each macroblock is received, control manager 660 determines whether the
macroblock currently being processed is the first macroblock of a slice. If it is, the control
manager determines a quantization parameter value QP to be used in quantizing the DCT
coefficient values generated in DCT transformer 104. It should be noted that it is possible
to make an estimation about the QP based on the bit-budget allowed for the frame, bits
already spent in the previous slices or the same frame and possibly the bits spent for slices

in the previous frame. Having done this, control manager 660 determines a difference
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(AQP) between the previously défined sequence level quantization parameter value SQP
and the actual QP value to be used for the slice in question. It then passes an indication of
this difference via control line 624 to video multiplex coder 670, which further includes an
indication of the difference value AQP in bit-stream 635. Preferably, this indication is
provided in a slice header portion of the encoded video bit-stream 635 containing control
information specific to the slice in question. This process is repeated until all slices of the
current frame have been encoded in INTER-coded format, at which point the video
encoder starts to encode the next frame of the video sequence.

A video decoder 700 implemented according to a preferred embodiment of the
invention will now be described with reference to Figure 6. The structure of the video
decoder illustrated in Figure 6 is substantially identical to that of the prior art video
decoder shown in Figure 4, with appropriate modifications to those parts of the decoder
that perform operations relating to the inverse quantization of DCT transform coefficients.
All parts of the video decoder that implement functions and operate in a manner identical
to the previously described prior art video decoder are identified with identical reference
numbers.

Here it is assumed that the video decoder of Figure 6 corresponds to the encoder
described in connection with Figure 5 and is therefore capable of receiving and decoding
the bit-stream 635 transmitted by encoder 600. As previously described, in the preferred
embodiment of the invention, encoder 600 determines a sequence level quantization
parameter SQP to be used in INTER-coding mode. Correspondingly, decoder 700 is
adapted to receive an indication of this SQP value and to use the sequence level
quantization parameter SQP in the determination of inverse quantization parameters to be
applied to blocks of quantized transform coefficient values (representative of prediction
error values) received in the encoded bit-stream for INTER-coded frames. In an
alternative embodiment of the invention, the same process may also be applied to.
quantized transform coefficient values extracted from the bit-stream for INTRA-coded
frames. As explained above, in this alternative embodiment, an indication of two SQP
values may be provided, one for INTRA-coded frames of the secjuence and one for
INTER-coded frames. In a further alternative embodiment, a single sequence level
quantization parameter may be indicated for frames coded in both INTRA- and INTER-

coding modes.
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Operation of a video decoder according to the preferred embodiment of the
invention will now be described in detail. Decoder 700 receives bit-stream 635 and
separates it into its constituent parts. This operation is performed by video multiplex
decoder 770.

When starting to decode a new sequence, video multiplex decoder 770 first extracts
information and parameters relating to the sequence as a whole from the sequence header
portion of the received bit-stream 635. As explained above in connection with the
description of encoder 600, according to the preferred embodiment of the invention, the
sequence header portion of the bit-stream is modified to contain an indication of the
sequence level quantization parameter SQP used in quantization of DCT coefficient
values produced in INTER-coding mode. Video multiplex decoder extracts the indication
of the SQP value from the bit-stream and, if it was encoded, for example using variable
length coding, applies appropriate decoding to recover the SQP value. It then passes the
SQP value to the decoder's control manager 760, which stores it in the decoder's memory.

Video decoder 700 then starts to decode the encoded frames of the video sequence,
the decoding of each frame commencing as soon as the video decoder starts receiving
information relating to the frame in video bit-stream 635. Video multiplex decoder 770
extracts an INTRA / INTER trigger control signal from picture type information
associated with each compressed video frame received in the encoded bit-stream 635 and
passes it to control manager 760 via control line 215. The cohtrol manager 760 controls
the operation of the decoder responsive to the INTRA / INTER trigger control signal, so
as to switch the decoder into the correct decoding mode.

In the preferred embodiment of the invention, the decoding of frames coded in
INTRA-format is performed in a manner analogous to that previously described in
connection with the operation of prior art video decoder 200. The decoding of frames
encoded in INTER-format, on the other hand, proceeds as described in the following.

When it receives an indication that the next frame to be decoded is an INTER-coded
frame, extracted from the received bit-stream by video multiplex decoder 770, control
manager 760 switches decoder 700 into INTER-mode. As explained in connection with
the description of encoder 600, according to the preferred embodiment of the invention, in
which the macroblocks of each frame are grouped into slices, encoded bit-stream 635
comprises certain slice-specific control information, which includes an indication of a

slice-specific QP value, represented as a difference value AQP with respect to the
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sequence level quantization parameter SQP. Advantageously, the control information
specifically related to each slice is provided in the bit-stream as a header portion specific
to the slice in question. On receiving such a portion of the bit-stream, video multiplex
decoder extracts the slice-specific control information from the slice header portion of the
bit-stream and passes the indication of AQP for the slice, retrieved from the bit-stream, to
control manager 760 via control line 717.

Next, control manager 760 determines a level of inverse quantization to be applied
to the quantized DCT coefficients of the macroblocks in the slice. This is done by
combining the AQP value for the slice with the sequence specific quantization parameter
SQP, previously received and stored in the decoder's memory. As described earlier in the
text, the inverse quantization operation performed in the decoder involves multiplying
each quantized DCT coefficient by a value equal to the level of quantization originally
applied, that is, by the QP value used in the corresponding encoder to quantize the DCT
coefficients. Thus, according to the preferred embodiment of the invention, control
manager 760 determines the level of inverse quantization for the macroblocks of the slice
by adding the received AQP value for the slice to SQP. It then passes this value to inverse
quantizer 210 via control line 218.

As encoded information for each macroblock of thé slice is received in the bit-
stream 635, video multiplex decoder 770 separates the encoded prediction error
information for each block of the macroblock from encoded motion vector information. It
reconstructs the quantized DCT tranéform coefficients representative of the prediction
error values for each block and passes them to inverse quantizer 210. Inverse quantizer
210 then inverse quantizes the quantized DCT coefficients according to the slice QP
constructed from the AQP and SQP values by control manager 760. It then provides the
inverse quantized DCT coefficients to inverse DCT transformer 220. The rest of the
decoding process continues as previously described in connection with prior art video
decoder 200.

The steps of receiving a slice-specific AQP value, combining AQP with SQP and
inverse quantizing the qauntized DCT coefficients for each block of the macroblocks
within the slice is repeated for each slice of the frame until all slices of the current
INTER-coded frame have been decoded. At this point video encoder 700 starts decoding

the next frame of the encoded video sequence.
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Figure 7 illustrates the way in which slice-specific QP values are reconstructed
according to the preferred embodiment of the invention. As can be seen from the figure,

the process comprises the steps of:

1. retrieving a sequence level quantization parameter (SQP);

2. . retrieving a picture or slice level difference quantization parameter (AQP);

3.  adding the difference quantization parameters to the sequence level
quantization parameter to obtain the quantization parameters for a picture or a slice;

4.  constructing the received prediction error-coding coefficients by means of said

picture or slice quantization parameter.

Figure 8 presents a terminal device comprising video encoding and decoding
equipment which may be adapted to operate in accordance with the present invention.
More precisely, the figure illustrates a multimedia terminal 80 implemented according to

ITU-T recommendation H.324. The terminal can be regarded as a multimedia transceiver

device. It includes elements that capture, encode and multiplex multimedia data streams

for transmission via a communications network, as well as elements that receive, de-
multiplex, decode and display received multimedia content. ITU-T recommendation
H.324 defines the overall operation of the terminal and refers to other recommendations
that govern the operation of its various constituent parts. This kind of multimedia terminal
can be used in real-time applications such as conversational videotelephony, or non real-
time applications such as the retrieval and / or streaming of video clips, for example from
a multimedia content server in the Internet.

In the context of the present invention, it should be appreciated that the H.324
terminal shown in Figure 8 is only one of a number of alternative multimedia terminal
implementations suited to application of the inventive method. It should also be noted that
a number of alternatives exist relating to the location and implementation of the terminal

equipment. As illustrated in Figure 8, the multimedia terminal may be located in

communications equipment connected to a fixed line telephone network such as an

analogue PSTN (Public Switched Telephone Network). In this case the multimedia
terminal is equipped with a modem 91, compliant with ITU-T recommendations V.8,
V.34 and optionally V.8bis. Alternatively, the multimedia terminal may be connected to

an external modem. The modem enables conversion of the multiplexed digital data and
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control signals produced by the multimedia terminal into an analogue form suitable for
transmission over the PSTN. It further enables the multimedia terminal to receive data and
control signals in analogue form from the PSTN and to convert them into a digital data
stream that can be demultiplexed and processed in an appropriate manner by the terminal.

An H.324 multimedia terminal may also be implemented in such a way that it can be
connected directly to a digital fixed line network, such as an ISDN (Integrated Services
Digital Network). In this case the modem 91 is replaced with an ISDN user-network
interface. In Figure 8, this ISDN user-network interface is represented by alternative block
92.

H.324 multimedia terminals may also be adapted for use in mobile communication
applications. If used with a wireless communication link, the modem 91 can be replaced
with any appropriate wireless interface, as represented by alternative block 93 in Figure 8.
For example, an H.324/M multimedia terminal can include a radio transceiver enabling
connection to the current 2" generation GSM mobile telephone network, or the proposed
3™ generation UMTS (Universal Mobile Telephone System).

It should be noted that in multimedia terminals designed for two-way
communication, that is for transmission and reception of video data, it is advantageous to
provide both a video encoder and video decoder imi)lemented according to the present
invention. Such an encoder and decoder pair is often implemented as a single combined
functional unit, referred to as a "codec".

A typical H.324 multimedia terminal will now be described in further detail with
reference to Figure 8.

The multimedia terminal 80 includes a variety of elements referred to as "terminal
equipment". This includes video, audio and telematic devices, denoted generically by
reference numbers 81, 82 and 83, respectively. The video equipment 81 may include, for
example, a video camera for capturing video images, a monitor for displaying received
video content and optional video processing equipment. The audio equipment 82 typically
includes a microphone, for example for capturing spoken messages, and a loudspeaker for
reproducing received audio content. The audio equipment may also include additional
audio processing units. The telematic equipment 83, may include a data terminal,
keyboard, electronic whiteboard or a still image transceiver, such as a fax unit.

The video equipment 81 is coupled to a video codec 85. The video codec 85

comprises a video encoder 600 and a corresponding video decoder 700 both implemented
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according to the invention (see Figures 5 and 6). The video codec 85 is responsible for
encoding captured video data in an appropriate form for further transmission over a
communications link and decoding compressed video content received from the
communications network. In the example illustrated in Figure 8, the video codec is
implemented according to ITU-T recommendation H.26L, with appropriate modifications
to implement the method according to the invention in both the encoder and the decoder
of the video codec.

The terminal’s audio equipment is coupled to an audio codec, denoted in Figure 8
by reference number 86. Like the video codec, the audio codec comprises an
encoder/decoder pair. It converts audio data captured by the terminal’s audio equipment
into a form suitable for transrhission over the communications link and transforms
encoded audio data received from the network back into a form suitable for reproduction,
for example on the terminal’s loudspeaker. The output of the audio codec is passed to a
delay block 87. This compensates for the delays introduced by the video coding process
and thus ensures synchronisation of audio and video content.

The system control block 84 of the multimedia terminal controls end-to-network
signalling using an appropriate control protocol (signalling block 88) to establish a

common mode of operation between a transmitting and a receiving terminal. The

- signalling block 88 exchanges information about the encoding and decoding capabilities

of the transmitting and receiving terminals and can be used to enable the various coding
modes of the video encoder. The system control block 84 also controls the use of data
encryption. Information regarding the type of encryption to be used in data transmission is

passed from encryption block 89 to the multiplexer/de-multiplexer (MUX/DMUX unit)

190.

During data transmission from the multimedia terminal, the MUX/DMUX unit 90
combines encoded and synchronised video and audio streams with data input from the
telematic equipment 83 and possible control data, to form a single bit-stream. Information
concerning the type of data encryption (if any) to be applied to the bit-stream, provided by
encryption block 89, is used to select an encryption mode. Correspondingly, when a
multiplexed and possibly encrypted multimedia bit-stream is being received,
MUX/DMUX unit 90 is responsible for decrypting the bit-stream, dividing it into its
constituent multimedia components and passing those components to the appropriate

codec(s) and/or terminal equipment for decoding and reproduction.
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If the multimedia terminal 80 is a mobile terminal, that is, if it is equipped with a
radio transceiver 93, it will be understood by those skilled in the art that it may also
comprise additional elements. In one embodiment it comprises a user interface having a
display and a keyboard, which enables operation of the multimedia terminal 80 by a user,
a central processing unit, such as a microprocessor, which controls the blocks responsible
for different functions of the multimedia terminal, a random access memory RAM, a read
only memory ROM, and a digital camera. The microprocessor’s operating instructions,
that is program code corresponding to the basic functions of the multimedia terminal 80, is
stored in the read-only memdry ROM and can be executed as required by the
microprocessor, for example under control of the user. In accordance with the program
code, the microprocessor uses the radio transceiver 93 to form a connection with a mobile
communication network, enabling the multimedia terminal 80 to transmit information to
and receive information from the mobile communication network over a radio path.

The microprocessor monitors the state of the user interface and controls the digital
camera. In response to a user command, the microprocessor instructs the camera to record
digital images into the RAM. Once an image is captured, or alternatively during the
capturing process, the microprocessor segments the image into image segments (for
example macroblocks) and uses the encoder to perform motion compensated encoding of
the segments in order to generate a compressed image sequence, as explained in the
foregoing description. A user may command the multimedia terminal 80 to display the
captured images on its display or to send the compressed image sequence using the radio
transceiver 93 to another multimedia terminal, a video telephone connected to a fixed line
network (PSTN) or some other telecommunications device. In a preferred embodiment,
transmission of image data is started as soon as the first segment is encoded so that the
recipient can start a corresponding decoding process with a minimum delay.

Although described in the context of particular embodiments, it will apparent to
those skilled in the art that a number of modifications and various changes to these
teachings may be made. Thus, while the invention has been particularly shown and
described with respect to one or more preferred embodiments thereof, it will be
understood by those skilled in the art that certain modifications or changes may be made

therein without departing from the scope and spirit of the invention as set forth above.
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In particular, according to a second possible embodiment of the invention, a
sequence QP is not transmitted but an application specific constant is used as sequence QP
instead. '

In a third possible embodiment of the invention the sequence QP can be updated
depending on the changing characteristics of the video sequence if a reliable way of
transmitting the new s‘equence QP is available. The updated SQP value can bé either
included in the encoded bit-stream representative of the video sequence or can be
transmitted directly from encoder to decoder in an associated control channel.

In a fourth possible embodiment of the invention, if QP is constant for the whole
video sequence only the value of the sequence QP is transmitted together with the

information that it should be used as the QP for all the pictures / slices.
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METHOD AND DEVICE FOR INDICATING QUANTIZER PARAMETERS IN
‘ A VIDEO CODING SYSTEM

This application is a divisional application of and claims priority to a co-pending
U.S. paten application Serial No. 10/421,629, filed April 23, 2003, which is based on and
claims priority to U.S. provisional application No. 60/374,667, filed April 23, 2002.

Field of the Invention

The invention relates to a method, an encoder, a decoder and a device for the coding
of digital video. More specifically, the invention relates to the indication of quantization

parameter (QP) values in a video coding system.

Background of the Invention

Digital video sequences, like ordinary motion pictures recorded on film, comprise a
sequence of still images, the illusion of motion being created by displaying the images one
after the other, typically at a rate between 15 and 30 frames per second.

Each frame of an uncompressed digital video sequence comprises an array' of image
pixels. In a commonly used digital video format, known as the Quarter Common
Interchange Format (QCIF), a frame comprises an array of 176 x 144 pixels (i.e. 25,344
pixels). In turn, each pixel is represented by a certain number of bits, which carry
information about the luminance and/or colour content of the region of the image
c;orresponding to the pixel. Commonly, a so-called YUV colour model is used to represent
the luminance and chrominance content of the image. The luminance, or Y, component
represents the intensity (brightness) of the image, while the colour content of the image is
represented by two chrominance or colour difference components, labelled U and V.

Colour models based on a luminance/chrominance representation of image content
provide certain advantages compared with colour models that are based on a
representation involving primary colours (that is Red, Green and Blue, RGB). The human
visual system is more sensitive to intensity variations than it is to colour variations and
YUYV colour models exploit this property by using a lower spatial resolution for the
chrominance components (U, V) than for the luminance component (Y). In this way, the
amount of information needed to code the colour information in an image can be reduced

with an acceptable reduction in image quality.
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The lower spatial resolution of the chrominance components is usually attained by
sub-sampling. Typically, each frame of a video sequernce is divided into so-called
"macroblocks", which comprise luminance (Y) information and associated chrominance
(U, V) information, which is spatially sub-sampled. Figure 1 illustrates one way in which
macroblocks can be formed. As shown in Figure 1, a frame of a video sequence
represented using a YUV color model, each component having the same spatial
resolution. Macroblocks are formed by representing a region of 16x16 image pixels in the
original image as four blocks of luminance information, each luminance block comprising
an 8x8 array of luminance (Y) values and two, spatially corresponding, chrominance
components (U and V) which are sub-sampled by a factor of two in both the horizontal
and vertical directions to yield corresponding arrays of 8x8 chrominance (U, V) values.
According to certain video coding recommendations, such as International
Telecommunications Union (ITU-T) recommendation H.26L, the block size used within
the macroblocks can be other than 8x8, for example 4x8 or 4x4 (see T. Wiegand, "Joint
Model Number 1", Doc. JVT-A003, Joint Video Team (JVT) of ISO/IEC MPEG and
ITU-T VCEG, Jan. 2002, Sections 2.2 and 2.3). ITU-T recommendation H.26L also
allows macroblocks to be organized together to form so-called "slices". More specifically,
each slice is formed from a number of consecutive macroblocks in coding order and is
encoded in such a way that it can be decoded independently without making reference to
any other slice of the same frame. This arrangement is advantageous, as it tends to limit
the propagation of artefacts in the decoded video that may arise due to transmission errors.
While there is no specific limitation on the way in which slices may be constructed, one
straightforward scheme is to group all the macroblocks in a single row of a frame together
as a slice. This arrangement, together with the division of a QCIF format image into
16x16 macroblocks is illustrated in Figure 2.

As can be seen from Figure 2, a QCIF image comprises 11x9 macroblocks (in this
case grouped into 9 slices of 11 consecutive macroblocks each). If the luminance blocks
and chrominance blocks are represented with 8 bit resolution (that is by numbers in the
range 0 to 255), the total number of bits required per macroblock is (16x16x8)+2x(8x8x8)
= 3072 bits. The number of bits needed to represent a video frame in QCIF format is thus
99x3072 = 304,128 bits. This means that the amount of data required to
transmit/record/display an uncompressed video sequence in QCIF format, represented

using a YUV colour model, at a rate of 30 frames per second, is more than 9 Mbps



l',l

e

10

15

20

25

30

REPLACEMENT SHEET PATENT

944-001.107-2
(million bits per second). This is an extremely high data rate and is impractical for use in
video recording, transmission and display applications because of the very large storage
capacity, transmission channel capacity and hardware performance required.

If video data is to be transmitted in real-time over a fixed line network such as an
ISDN (Integrated Services Digital Network) or a conventional PSTN (Public Switched
Telephone Network), the available data transmission bandwidth is typically of the order of
64kbits/s. In mobile videotelephony, where transmission takes place at least in part over a
radio communications link, the available bandwidth can be as low as 20kbits/s. This
means that a significant reduction in the amount of information used to represent video
data must be achieved in order to enable transmission of digital video sequences over low
bandwidth communication networks. For this reason, video compression techniques have
been developed which reduce the amount of information transmitted while retaining an
acceptable image quality.

Video compression methods are based on reducing the redundant and perceptually
irrelevant parts of video sequences. The redundancy in video sequences can be categorised
into spatial, temporal and spectral redundancy. "Spatial redundancy" is the term used to
describe the correlation (similarity) between neighbouring pixels within a frame. The term
"temporal redundancy” expresses the fact that objects appearing in one frame of a
sequence are likely to appear in subsequent frames, while "spectral redundancy" refers to
the correlation between different colour components of the same image.

There is often a significant amount of spatial redundancy between the pixels that
make up each frame of a digital video sequence. In other words, the value of any pixel
within a frame of the sequence is substantially the same as the value of other pixels in its
immediate vicinity. Typically, video coding systems reduce spatial redundancy using a
technique known as "block-based transform coding", in which a mathematical
transformation, such as a two-dimensional Discrete Cosine Transform (DCT), is applied
to blocks of image pixels. This transforms the image data from a representation
comprising pixel values to a form comprising a set of coefficient values representative of
spatial frequency components. This alternative representation of the image data reduces
spatial redundancy significantly and thereby produces a more compact representation of

the image data.
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Frames of a video sequence which are compressed using block-based transform
coding, without reference to any other frame within the sequence, are referred to as
INTRA-coded or I-frames.

Generally, video coding systems not only reduce the spatial redundancy within
individual frames of a video sequence, but also make use of a technique known as
"motion-compensated prediction", to reduce the temporal redundancy in the sequence.
Using motion-compensated prediction, the image content of some (often many) of the
frames in a digital video sequence is "predicted" from one or more other frames in the
sequence, known as "reference” frames. Prediction of image content is achieved by
tracking the motion of objects or regions of an image between a frame to be coded
(compressed) and the reference frame(s) using "motion vectors". As in the case of
INTRA-coding, motion compensated prediction of a video frame is typically performed
macroblock-by-macroblock.

Frames of a video sequence, compressed using motion-compensated prediction, are
generally referred to as INTER-coded or P-frames. Motion-compensated prediction alone
rarely provides a sufficiently precise representation of the image content of a video frame
and therefore it is typically necessary to provide a so-called "prediction error" (PE) frame
with each INTER-coded frame. The prediction error frame represents the difference
between a decoded version of the INTER-coded frame and the image content of the frame
to be coded. More specifically, the prediction error frame comprises values that represent
the difference between pixel values in the frame to be coded and corresponding
reconstructed pixel values formed on the basis of a predicted version of the frame in
question. Consequently, the prediction error frame has characteristics similar to a still
image and block-based transform coding can be applied in order to reduce its spatial
redundancy and hence the amount of data (number of bits) required to represent it.

In order to illustrate the operation of a video coding system in greater detail,
reference will now be made to Figures 3 and 4. Figure 3 is a schematic diagram of a
generic video encoder that employs a combination of INTRA- and INTER-coding to
produce a compressed (encoded) video bit-stream. A corresponding decoder is illustrated
in Figure 4 and will be described later in the text.

The video encoder 100 comprises an input 101 for receiving a digital video signal
from a camera or other video source (not shown). It also comprises a transformation unit

104 which is arranged to perform a block-based discrete cosine transform (DCT), a
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quantizer 106, an inverse quantizer 108, an inverse transformation unit 110, arranged to
perform an inverse block-based discrete cosine transform (IDCT), combiners 112 and 116,
and a frame store 120. The encoder further comprises a motion estimator 130, a motion
field coder 140 and a motion compensated predictor 150. Switches 102 and 114 are
operated co-operatively by control manager 160 to switch the encoder between an
INTRA-mode of video encoding and an INTER-mode of video encoding. The encoder
100 also comprises a video multiplex coder 170 which forms a single bit-stream from the
various types of information produced by the encoder 100 for further transmission to a
remote receiving terminal or, for example, for storage on a mass storage medium, such as
a computer hard drive (not shown).

Encoder 100 operates as follows. Each frame of uncompressed video provided from
the video source to input 101 is received and processed macroblock by macroblock,
preferably in raster-scan order. When the encoding of a new video sequence starts, the
first frame to be encoded is encoded as an INTRA-coded frame. Subsequently, the
encoder is programmed to code each frame in INTER-coded format, unless one of the
following conditions is met: 1) it is judged that the current macroblock of the frame being
coded is so dissimilar from the pixel values in the reference frame used in its prediction
that excessive prediction error information is produced, in which case the current
macroblock is coded in INTRA-coded format; 2) a predefined INTRA frame repetition
interval has expired; or 3) feedback is received from a receiving terminal indicating a
request for a frame to be provided in INTRA-coded format.

Operation of the encoder 100 in INTRA-coding mode will now be described. In
INTRA-coding mode, the control manager 160 operates the switch 102 to accept video
input from input line 118. The video signal input is received macroblock by macroblock
and the blocks of luminance and chrominance values which make up each macroblock are
passed to the DCT transformation block 104. Here a 2-dimensional discrete cosine
transform is performed and a 2-dimensional array of DCT coefficients is formed for each
block.

The DCT coefficients for each block are passed to the quantizer 106, where they are
quantized using a quantization parameter QP. Selection of the quantization parameter QP
is controlled by the control manager 160 via control line 115.

In more detail, quantization of the DCT coefficients is performed by dividing each

coefficient value by the quantization parameter QP and rounding the result to the nearest
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integer. In this way the quantization process yields a set of quantized DCT coefficient
values that have a reduced numerical precision compared with the coefficient values
originally generated by DCT transformation block 104. Thus, in general, each of the
quantized DCT coefficients may be represented by a smaller number of data bits than
required to represent the corresponding coefficient before quantization. Furthermore,
certain DCT coefficients are reduced to zero by the quantization process, thus reducing
the number of coefficients that must be coded. Both these effects result in a reduction in
the amount of data (i.e. data bits) required to represent the DCT coefficients for an image
block. Thus, quantization provides a further mechanism by which the amount of data
required to represent each image of the video sequence can be reduced. It also introduces
an irreversible loss of information, which leads to a corresponding reduction in image
quality. While this reduction in image quality may not always be desirable, quantization of
DCT coefficient values does provide the possibility to adjust the number of bits required
to encode a video sequence to take into account e.g. the bandwidth available for
transmission of the encoded sequence or the desired quality of the coded video. More
specifically, by increasing the value of QP used to quantize the DCT coefficients, a lower
quality, but more compact representation of the video sequence can be created.
Conversely, by reducing the value of QP, a higher quality but less compressed encoded
bit-stream can be formed.

The quantized DCT coefficients for each block are passed from the quantizer 106 to
the video multiplex coder 170, as indicated by line 125 in Figure 1. The video multiplex

- coder 170 orders the quantized transform coefficients for each block using a zigzag

scanning procedure, thereby converting the two-dimensional array of quantized transform
coefficient values into a one-dimensional array. Typically, the video multiplex coder 170
next represents each non-zero quantized coefficient in the one-dimensional array by a pair
of values, referred to as level and run, level being the value of the quantized coefficient
and run being the number of consecutive zero-valued coefficients preceding the
coefficient in question. The run and level values are further compressed using entropy
coding. For example, a method such as variable length coding (VLC) may be used to
produce a set of variable length codewords representative of each (run, level) pair.

Once the (run, level) pairs have been entropy (e.g. variable length) coded, the video
multiplex coder 170 further combines them with control information, also entropy coded,

for example, using a variable length coding method appropriate for the kind of
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information in question, to form a single compressed bit-stream of coded image
information 135. It is this bit-stream, including the variable length codewords
representative of the (run, level) pairs and control information relating, among other
things, to the quantization parameter QP used for quantizing the DCT coefficients, which
is transmitted from the encoder.

A locally decoded version of the macroblock is also formed in the encoder 100. This
is done by passing the quantized transform coefficients for each block, output by quantizer
106, through inverse quantizer 108 and applying an inverse DCT transform in inverse
transformation block 110. Inverse quantization is performed by reversing the quantization
operation performed in quantizer 106. More specifically, inverse quantizer 108 attempts to
recover the original DCT coefficient values for a given image block by multiplying each
quantized DCT coefficient value by quantization parameter QP. Because of the rounding
operation performed as part of the quantization process in quantizer 106, it is generally not
possible to recover the original DCT coefficient values exactly. This results in a
discrepancy between the recovered DCT coefficient values and those originally produced
by DCT transformation block 104 (hence the irreversible loss of information referred to
above).

The operations performed by inverse quantizer 108 and inverse transformation block
110 yield a reconstructed array of pixel values for each block of the macroblock. The
resulting decoded image data is input to combiner 112. In INTRA-coding mode, switch
114 is set so that the input to the combiner 112 via switch 114 is zero. In this way, the
operation performed by combiner 112 is equivalent to passing the decoded image data
unaltered.

As subsequent macroblocks of the current frame are received and undergo the
previously described encoding and local decoding steps in blocks 104, 106, 108, 110 and
112, a decoded version of the INTRA-coded frame is built up in frame store 120. When
the last macroblock of the current frame has been INTRA-coded and subsequently
decoded, the frame store 120 contains a completely decoded frame, available for use as a
prediction reference frame in coding a subsequently received video frame in INTER-
coded format. The flag indicating INTRA or INTER-code format is provided in line 122.

Operation of the encoder 100 in INTER-coding mode will now be described. In
INTER-coding mode, the control manager 160 operates switch 102 to receive its input

from line 117, which comprises the output of combiner 116. The combiner 116 receives
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the video input signal macroblock by macroblock from input 101. As combiner 116
receives the blocks of luminance and chrominance values which make up the macroblock,
it forms corresponding blocks of prediction error information. The prediction error
information represents the difference between the block in question and its prediction,
produced in motion compensated prediction block 150. More specifically, the prediction
error information for each block of the macroblock comprises a two-dimensional array of
values, each of which represents the difference between a pixel value in the block of
luminance or chrominance information being coded and a decoded pixel value obtained
by forming a motion-compensated prediction for the block, according to the procedure
described below.

The prediction error information for each block of the macroblock is passed to DCT
transformation block 104, which performs a two-dimensional discrete cosine transform on
each block of prediction error values to produce a two-dimensional array of DCT
transform coefficients for each block.

The transform coefficients for each prediction error block are passed to quantizer
106 where they are quantized using a quantization parameter QP, in a manner analogous
to that described above in connection with operation of the encoder in INTRA-coding
mode. Again, selection of the quantization parameter QP is controlled by the control
manager 160 via control line 115. The accuracy of prediction error coding can be
adjusted depending on the available bandwidth and/or required quality of the coded video.
In a typical Discrete Cosine Transform (DCT) based system this is done by varying the
Quantizer Parameter (QP) used in quantizing the DCT coefficients the DCT coefficients
to a specific accuracy.

The quantized DCT coefficients representing the prediction error information for
each block of the macroblock are passed from quantizer 106 to video multiplex coder 170,
as indicated by line 125 in Figure 1. As in INTRA-coding mode, the video multiplex
coder 170 orders the transform coefficients for each prediction error block using a zigzag
scanning procedure and then represents each non-zero quantized coefficient as a (run,
level) pair. It further compresses the (run, level) pairs using entropy coding, in a manner
analogous to that described above in connection with INTRA-coding mode. Video
multiplex coder 170 also receives motion vector information (described in the following)
from motion field coding block 140 via line 126 and control information (e.g. including an

indication of the quantization parameter QP) from control manager 160. It entropy codes
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the motion vector information and control information and forms a single bit-stream of
coded image information, 135 comprising the entropy coded motion vector, prediction
error and control information. The indication, gz, of the quantization parameter QP is
provided to multiplex xoswe 170 via line 124.

The quantized DCT coefficients representing the prediction error information for
each block of the macroblock are also passed from quantizer 106 to inverse quantizer 108.
Here they are inverse quantized, in a manner analogous to that previously described in
connection with operation of the encoder in INTRA-coding mode. In INTER-coding
mode, the quality of the encoded video bit-stream and the number of bits required to
represent the video sequence can be adjusted by varying the degree of quantization
applied to the DCT coefficients representing the prediction error information.

The resulting blocks of inverse quantized DCT coefficients are applied to inverse
DCT transform block 110, where they undergo inverse DCT transformation to produce
locally decoded blocks of prediction error values. The locally decoded blocks of
prediction error values are then input to combiner 112. In INTER-coding mode, switch
114 is set so that the combiner 112 also receives predicted pixel values for each block of
the macroblock, generated by motion-compensated prediction block 150. The combiner
112 combines each of the locally decoded blocks of prediction error values with a
corresponding block of predicted pixel values to produce reconstructed image blocks and
stores them in frame store 120.

As subsequent macroblocks of the video signal are received from the video source
and undergo the previously described encoding and decoding steps in blocks 104, 106,
108, 110, 112, a decoded version of the frame is built up in frame store 120. When the last
macroblock of the frame has been processed, the frame store 120 contains a completely
decoded frame, available for use as a prediction reference frame in encoding a
subsequently received video frame in INTER-coded format.

Formation of a prediction for a macroblock of the current frame will now be
described. Any frame encoded in INTER-coded format requires a reference frame for
motion-compensated prediction. This means, necessarily, that when encoding a video
sequence, the first frame to be encoded, whether it is the first frame in the sequence, or
some other frame, must be encoded in INTRA-coded format. This, in turn, means that
when the video encoder 100 is switched into INTER-coding mode by control manager

160, a complete reference frame, formed by locally decoding a previously encoded frame,
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is already available in the frame store 120 of the encoder. In general, the reference frame

is formed by locally decoding either an INTRA-coded frame or an INTER-coded frame.

The first step in forming a prediction for a macroblock of the current frame is
performed by motion estimation block 130. The motion estimation block 130 receives the
blocks of luminance and chrominance values which make up the current macroblock of
the frame to be coded via line 128. It then performs a block matching operation in order to
identify a region in the reference frame which corresponds substantially with the current
macroblock. In order to perform the block matching operation, motion estimation block
accesses reference frame data stored in frame store 120 via line 127. More specifically,
motion estimation block 130 performs block-matching by calculating difference values
(e.g. sums of absolute differences) representing the difference in pixel values between the
macroblock under examination and candidate best-matching regions of pixels from a
reference frame stored in the frame store 120. A difference value is produced for
candidate regions at all possible positions within a predefined search region of the
reference frame and motion estimation block 130 determines the smallest calculated
difference value. The offset between the macroblock in the current frame and the
candidate block of pixel values in the reference frame that yields the smallest difference
value defines the motion vector for the macroblock in question.

Once the motion estimation block 130 has produced a motion vector for the
macroblock, it outputs the motion vector to the motion field coding block 140. The motion
field coding block 140 approximates the motion vector received from motion estimation
block 130 using a motion model comprising a set of basis functions and motion
coefficients. More specifically, the motion field coding block 140 represents the motion
vector as a set of motion coefficient values which, when multiplied by the basis functions,
form an approximation of the motion vector. Typically, a translational motion model
having only two motion coefficients and basis functions is used, but motion models of
greater complexity may also be used.

The motion coefficients are passed from motion field coding block 140 to motion
compensated prediction block 150. Motion compensated prediction block 150 also
receives the best-matching candidate region of pixel values identified by motion
estimation block 130 from frame store 120. Using the approximate representation of the
motion vector generated by motion field coding block 140 and the pixel values of the best-

matching candidate region from the reference frame, motion compensated prediction
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block 150 generates an array of pfédicted pixel values for each block of the macroblock.
Each block of predicted pixel values is passed to combiner 116 where the predicted pixel
values are subtracted from the actual (input) pixel values in the corresponding block of the
current macroblock, thereby forming a set of prediction error blocks for the macroblock.

Operation of the video decoder 200, shown in Figure 2 will now be described. The
decoder 200 comprises a video multiplex decoder 270, which receives an encoded video
bit-stream 135 from the encoder 100 and demultiplexes it into its constituent parts, an
inverse quantizer 210, an inverse DCT transformer 220, a motion compensated prediction
block 240, a frame store 250, a combiner 230, a control manager 260, and an output 280.

The control manager 260 controls the operation of the decoder 200 in response to
whether an INTRA- or an INTER-coded frame is being decoded. An INTRA / INTER
trigger control signal, which causes the decoder to switch between decoding modes is
derived, for example, from picture type information associated with each compressed
video frame received from the encoder. The INTRA / INTER trigger control signal is
extracted from the encoded video bit-stream by the video multiplex decoder 270 and is
passed to control manager 260 via control line 215.

Decoding of an INTRA-coded frame is performed macroblock-by-macroblock. The
video multiplex decoder 270 separates the encoded information for the blocks of the
macroblock from possible control information relating to the macroblock in question. The
encoded information for each block of an INTRA-coded macroblock comprises variable
length codewords representing the VLC coded level and run values for the non-zero
quantized DCT coefficients of the block. The video multiplex decoder 270 decodes the
variable length codewords using a variable length decoding method corresponding to the
encoding method used in the encoder 100 and thereby recovers the (run, level) pairs. It
then reconstructs the array of quantized transform coefficient values for each block of the
macroblock and passes them to inverse quantizer 210. Any control information relating to
the macroblock is also decoded in the video multiplex decoder using an appropriate
decoding method and is passed to control manager 260. In particular, information relating
to the level of quantization applied to the transform coefficients '(i.e. quantization
parameter QP) is extracted from the encoded bit-stream by video multiplex decoder 270
and provided to control manager 260 via control line 217. The control manager, in turn,
conveys this information to inverse quantizer 210 via control line 218. Inverse quantizer

210 inverse quantizes the quantized DCT coefficients for each block of the macroblock
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according to the control information relating to quantization parameter QP and provides
the now inverse quantized DCT coefficients to inverse DCT transformer 220. The inverse
quantization operation performed by inverse quantizer 210 is identical to that performed
by inverse quantizer 108 in the encoder.

Inverse DCT transformer 220 performs an inverse DCT transform on the inverse
quantized DCT coefficients for each block of the macroblock to form a decoded block of
image information comprising reconstructed pixel values. The reconstructed pixel values
for each block of the macroblock are passed via combiner 230 to the video output 280 of
the decoder where, for example, they can be provided to a display device (not shown).
The reconstructed pixel values for each block of the macroblock are also stored in frame
store 250. Because motion-compensated prediction is not used in the encoding/decoding
of INTRA coded macroblocks control manager 260 controls combiner 230 to pass each
block of pixel values as such to the video output 280 and frame store 250. As subsequent
macroblocks of the INTRA-coded frame are decoded and stored, a decoded frame is
progressively assembled in the frame store 250 and thus becomes available for use as a
reference frame for motion compensated prediction in connection with the decoding of
subsequently received INTER-coded frames.

INTER-coded frames are also decoded macroblock by macroblock. The video
multiplex decoder 270 receives the encoded video bit-stream 135 and separates the
encoded prediction error information for each block of an INTER-coded macroblock from
encoded motion vector information and possible control information relating to the
macroblock in question. As explained in the foregoing, the encoded prediction error
information for each block of the macroblock typically comprises variable length
codewords répresenting the level and run values for the non-zero quantized transform
coefficients of the prediction error block in question. The video multiplex decoder 270
decodes the variable length codewords using a variable length decoding method
corresponding to the encoding method used in the encoder 100 and thereby recovers the
(run, level) pairs. It then reconstructs an array of quantized transform coefficient values
for each prediction error block and passes them to inverse quantizer 210. Control
information relating to the INTER-coded macroblock is also decoded in the video
multiplex decoder 270 using an appropriate decoding method and is passed to control
manager 260. Information relating to the level of quantization (QP) applied to the

transform coefficients of the prediction error blocks is extracted from the encoded bit-
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stream and provided to control manager 260 via control line 217. The control manager, in
turn, conveys this information to inverse quantizer 210 via control line 218. Inverse
quantizer 210 inverse quantizes the quantized DCT coefficients representing the
prediction error information for each block of the macroblock according to the control
information relating to quantization parameter QP and provides the now inverse quantized
DCT coefficients to inverse DCT transformer 220. Again, the inverse quantization
operation performed by inverse quantizer 210 is identical to that performed by inverse
quantizer 108 in the encoder. The INTRA/INTER flag is provided in line 215.

The inverse quantized DCT coefficients representing the prediction error
information for each block are then inverse transformed in the inverse DCT transformer
220 to yield an array of reconstructed prediction error values for each block of the
macroblock.

The encoded motion vector information associated with the macroblock is extracted
from the encoded video bit-stream 135 by video multiplex decoder 270 and is decoded.
The decoded motion vector information thus obtained is passed via control line 225 to
motion compensated prediction block 240, which reconstructs a motion vector for the
macroblock using the same motion model as that used to encode the INTER-coded
macroblock in encoder 100. The reconstructed motion vector approximates the motion
vector originally determined by motion estimation block 130 of the encoder. The motion
compensated prediction block 240 of the decoder uses the reconstructed motion vector to
identify the location of a region of reconstructed pixels in a prediction reference frame
stored in frame store 250. The region of pixels indicated by the reconstructed motion
vector is used to form a prediction for the macroblock in question. More specifically, the
motion compensated prediction block 240 forms an array of pixel values for each block of
the macroblock by copying corresponding pixel values from the region of pixels identified
in the reference frame. These blocks of pixel values, derived from the reference frame, are
passed from motion compensated prediction block 240 to combiner 230 where they are
combined with the decoded prediction error information. In practice, the pixel values of
each predicted block are added to corresponding reconstructed prediction error values
output by inverse DCT transformer 220. In this way, an array of reconstructed pixel
values for each block of the macroblock is obtained. The reconstructed pixel values are

passed to the video output 280 of the decoder and are also stored in frame store 250.
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As subsequent macroblocks of the INTER-coded frame are decoded and stored, a
decoded frame is progressively assembled in the frame store 250 and thus becomes
available for use as a reference frame for motion-compensated prediction of other INTER-
coded frames.

As described above, typical video encoding and decoding systems (commonly
referred to as video codecs) are based on motion compensated prediction and prediction
error coding. Motion compensated prediction is obtained by analyzing and coding motion
between video frames and reconstructing image segments using the motion information.
Prediction error coding is used to code the difference between motion compensated image
segments and corresponding segments of the original image. The accuracy of prediction
error coding can be adjusted depending on the available bandwidth and required quality of
the coded video. In a typical Discrete Cosine Transform (DCT) based system this is done
by varying the quantization parameter (QP) used in quantizing the DCT coefficients to a
specific accuracy.

It should be noted that, in order to stay in synchronization with the encoder, the
decoder has to know the exact value of the QP used in the coded video sequence.
Typically, the QP value is transmitted once per slice leading to increase in the number of
bits needed to encode the image. (As previously explained, a slice contains part of the
image and is coded independently from other slices in order to avoid propagation of
possible transmission errors inside the picture). For example, if the coding of a single QP
value takes 6 bits and 20 images, each divided into 10 slices, are transmitted every second,
1.2kbps is spent for the QP information alone.

Prior art solutions (for example, the H.26L video coding recommendation presented
in the document by T. Wiegand, "Joint Model Number 1", Doc. JVT-A003, Joint Video
Team (JVT) of ISO/IEC MPEG and ITU-T VCEG, Jan. 2002) code the picture/slice QP
parameters independently with a fixed or variable length code. This leads to increased
transmission bit-rate as described above. More specifically, according to H.26L Joint
Model Number 1, the quantization parameter value QP used in quantizing the DCT
coefficient values is typically indicated in the encoded bit-stream at the beginning of each
picture (see T. Wiegand, "Joint Model Number 1", Doc. JVT-A003, Joint Video Team
(JVT) of ISO/IEC MPEG and ITU-T VCEG, Jan. 2002, Section 3.3.1). If the macroblocks
within a frame are arranged into slices then the QP value is also indicated at the beginning

of each slice of the frame (e.g. in an optional slice header portion of the encoded bit-
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stream). In both cases, the QP value is indicated as such or is coded using an appropriate
variable length coding scheme. As stated above, it should be realized that this scheme is
very costly in terms of the number of bits required to represent the quantization parameter
information, particularly in situations where frames are divided into many slices and / or
the available bandwidth available for transmission of the encoded video sequence is low.
This is a particularly significant problem in mobile video applications in which the
encoded video bit-stream is transmitted over a radio communications link. In this
situation, the bandwidth available for transmission of the encoded video bit-stream may be
as low as 20kbits/s and the QP information included in the bit-stream may represent a
significant proportion of the overall available bandwidth.

Furthermore, according to H.26L, the value of QP may optionally be varied at the
macroblock level by inserting a quantizer change parameter (Dquant) in the portion of the
encoded bit-stream representative of the macroblock in question (see T. Wiegand, "Joint
Model Number 1", Doc. JVT-A003, Joint Video Team (JVT) of ISO/IEC MPEG and
ITU-T VCEG, Jan. 2002, Section 3.4.7). This leads to a further increase in the amount of
information in the encoded bit-stream that is devoted to the indication of QP related
information.

In view of the foregoing, it should be realised that there is a significant need for an
improved mechanism for indicating information relating to quantization parameter values

in video coding systems.

Summary of the Invention

The present invention improves prior art solutions for indicating QP related
information by introducing a sequence level QP. This allows the encoder application to
decide a video sequence dependent reference QP to be used in coding of the picture / slice
QPs. Now, according to the invention, instead of coding the absolute values of picture /
slice QPs, it is enough to code the difference between the reference sequence QP and the
actually used picture / slice QP. In this way there is no need to transmit a full QP for every
picture / slice, but a statistically smaller difference value is transmitted and used to
reconstruct the picture / slice QP, thus leading to reduction in transmission bit-rate.

The bit-rate savings are most evident in the case of constant QP. In this case; itis
sufficient to send just one bit per slice to indicate that the sequence QP is to be used when

decoding the slice. For example, in the previously described example, the bit-rate for QP
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is reduced from 1.2kbps to 0.2kbps (now only one bit needs to be sent instead of six for
each slice).

According to a first aspect of the invention, there is provided a method of encoding
a digital video sequence, the method being applied in a video coding application to
produce an encoded video bit-stream representative of the digital video sequence. The
digital video sequence comprises a number of frames, each frame of the sequence
comprising an array of pixels and is divided into a plurality of blocks, each block
comprising a certain number of pixels. The method comprises encoding a frame of the
digital video sequence by applying motion compensated prediction to blocks of pixels,
thereby producing corresponding blocks of prediction error values. A transform coding
technique is applied to the blocks of prediction error values to produce sets of transform
coefficient values representative of the blocks of prediction error values and a level of
quantization is applied to the sets of transform coefficient values to yield sets of quantized
transform coefficient values. According to the invention, the method further comprises
defining a default level of quantization to be used throughout encoding of the digital video
sequence to quantize the sets of transform coefficient values.

Advantageously, the method according to the first aspect of the invention is also
used to indicate quantization parameter (QP) values used to quantize sets of transform
coefficient values representative of blocks of pixel values produced for frames coded in
INTRA-coding mode in a manner analogous to that described above for indicating the
quantization parameter values used to quantize sets of transform coefficient values
representative of prediction error values produced for frames coded in INTER-coding
mode.

Advantageously, the default level of quantization to be used throughout encoding of
the digital video sequence is specific to the video sequence being encoded. Alternatively,
the default level of quantization is specific to the video coding application.

Preferably, an indication of the default level of quantization to be used throughout
encoding of the digital video sequence is provided. Even more preferably, an indication of
the default level of quantization is provided in the encoded bit-stream representative of the
digital video sequence, advantageously, the encoded bit-stream, inciuding the indication
of the default level of quantization to be used throughout encoding of the digital video

sequence, is transmitted to a video decoding device.
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Advantageously, the default level of quantization to be used throughout encoding of
the digital video sequence to quantize the sets of transform coefficient values can be
updated during encoding of the digital video sequence and a further indication indicative
of the updated default levei of quantization is provided.

The indication of the updated default level of qudntization is preferably transmitted
to a video decoding device, advantageously, in the encoded bit-stream representative of
the digital video sequence.

Advantageously, the level of quantization applied to said sets of transform
coefficient values can be adjusted such that the actual level of quantization applied to the
sets of transform coefficient values is different from the default level of quantization to be
used throughout encoding of the video sequence. Preferably, the actual level of
quantization applied is represented as a difference with respect to the default level of
quantization. Advantageously, an indication of the difference with respect to the default
level of quantization is provided in the encoded bit-stream representative of the digital
video sequence.

In an embodiment of the video encoding method according to the first aspect of the
invention, the level of quantization applied to the sets of transform coefficient values can
be adjusted from one frame of the digital video sequence to another such that an actual
level of quantization applied to the sets of transform coefficients for a particulai' frame of
the digital video sequence is different from the default level of quantization to be used
throughout encoding of the digital video sequence. Advantageously, in this embodiment,
the actual level of quantization to be used in the particular frame is represented as a
difference with respect to the default level of quantization and an indication of the
difference with respect to the default level of quantization is provided in the encoded bit-
stream representative of the digital video sequence.

In an alternative embodiment of the video encoding method according to the first
aspect of the invention, the plurality of blocks into which a frame of the digital video
sequence is divided are grouped into one or more segments and the level of quantization
applied to the sets of transform coefficient values can be adjusted from one segment of a
frame to another such that an actual level of quantization applied to the sets of transform
coefficients for a particular segment of a frame is different from the default level of
quantization to be used throughout encoding of the digital video sequence.

Advantageously, in this alternative embodiment, the actual level of quantization to be
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used in the particular segment is represented as a difference with respect to the default
level of quantization and an indication of the difference with respect to the default level of
quantization is provided in the encoded bit-stream representative of the digital video
sequence.

Advantageously, if the default level of quantization is to be used to quantize all sets
of transform coefficient values throughout the digital video sequence, an indication of the
default level of quantization is provided together with an indication that said default level
is to be used to quantize all sets of transform coefficient values throughout the digital
video sequence.

According to a second aspect of the invention, there is provided a method of
decoding an encoded digital video sequence, the method being applied in a video
decoding application to produce a decoded digital video sequence. The digital video
sequence comprises a number of frames, each frame of the sequence comprising an array
of pixels and being divided into a plurality of blocks, each block comprising a certain
number of pixels, frames of the digital video sequence having been encoded by applying
motion compensated prediction to blocks of pixels to produce corresponding blocks of
prediction error values and applying a transform coding technique to the blocks of
prediction error values to produce sets of transform coefficient values representative of the
blocks of prediction error values and applying a level of quantization to the sets of
transform coefficient values to yield sets of quantized transform coefficient values
representative of the blocks of prediction error values. According to the invention, the
decoding method comprises defining a default level of inverse quantization to be used
throughout decoding of the encoded digital video sequence to inverse quantize the sets of
quantized transform coefficient values.

Advantageously, the default level of inverse quantization is identical to a default
level of quantization used to quantize the sets of transform coefficient values during
encoding of the video sequence.

Advantageously, the default level of inverse quantization defined to be used
throughout decoding of the encoded digital video sequence is specific to the encoded
video sequence being decoded. Alternatively, the default level of inverse quantization is

specific to the video decoding application.
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Advantageously, the decoding method comprises retrieving an indication of the
default level of inverse quantization, preferably from a bit-stream representative of the
encoded digital video sequence.

Advantageously, the default level of inverse quantization can be updated during
decoding of the digital video sequence. Preferably, updating of the default level of inverse
quantization is performed responsive to an indication of an updated default level of
quantization used during encoding of the video sequence, retrieved from a bit-stream
representative of the encoded digital video sequence. Alternatively, the default level of
inverse quantization is updated responsive to an indication of an updated default level of
quantization used during encoding of the video sequence, transmitted from a video
encoding device.

Advantageously, the level of inverse quantization applied to the sets of quantized
transform coefficient values can be adjusted such that an actual level of inverse
quantization applied to the sets of quantized transform coefficient values is different from
the default level of inverse quantization to be used throughout decoding of the encoded
digital video sequence. In this case, the actual level of inverse quantization is determined
by adding a difference value to the default level of inverse quantization, the difference
value being representative of the difference between the default level of inverse
quantization and the actual level of inverse quantization to be applied. Preferably, an
indication of the difference value is retrieved from a bit-stream representativé of the
encoded digital video sequence.

In an embodiment of the video decoding method according to the second aspect of
the invention, the level of inverse quantization applied to the sets of quantized transform
coefficient values is adjusted from one frame of the digital video sequence to another such
that an actual level of inverse quantization applied to the sets of quantized transform
coefficients for a particular frame of the digital video sequence is different from the
default level of inverse quantization to be used throughout decoding of the encoded digital
video sequence. Advantageously, in this embodiment, the actual level of inverse
quantization to be used in the particular frame is determined by adding a frame-specific
difference value to the default level of inverse quantization, the frame-specific difference
value being representative of the difference between the default level of inverse

quantization and the actual level of inverse quantization to be used in the particular frame.
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Preferably, an indication of said frame-specific difference value is retrieved from a bit-
stream representative of the encoded digital video sequence.

In an alternative embodiment of the video decoding method according to the second
aspect of the invention, the plurality of blocks into which a frame of said digital video
sequence is divided are grouped into one or more segments and the level of inverse
quantization applied to the sets of quantized transform coefficient values is adjusted from
one segment of a frame to another such that an actual level of inverse quantization applied
to the sets of quantized transform coefficients for a particular segment of a frame is
different from the default le\;el of inverse quantization to be used throughout decoding of
the encoded digital video sequence. Advantageously, in this alternative embodiment, the
actual level of inverse quantization to be used in the particular segment is determined by
adding a segment-specific difference value to the default level of inverse quantization, the
segment-specific difference value being representative of the difference between the
default level of inverse quantization and the actual level of inverse quantization to be used
in the particular segment. Preferably,  an indication of the segment-specific difference
value is retrieved from a bit-stream representative of the encoded digital video sequence.

According to a third aspect of the invention, there is provided an encoder for
encoding a digital video sequence to produce an encoded video bit-stream representative
of the digital video sequence, the digital video sequence comprising a number of frames,
each frame of the sequence comprising an array of pixels and being divided into a
plurality of blocks, each block comprising a certain number of pixels. The video encoder
according to the third aspect of the invention is arranged to encode a frame of the digital
video sequence by applying motion compensated prediction to blocks of pixels, thereby
producing corresponding blocks of prediction error values. It is further arranged to apply a
transform coding technique to blocks of prediction error values to produce sets of
transform coefficient values representative of said blocks of prediction error values and to
apply a level of quantization to said sets of transform coefficient values to yield sets of
quantized transform coefficient values. According to the invention, the video encoder is
further arranged to define a default level of quantization to be used throughout encoding
of the digital video sequence to quantize the sets of transform coefficient values.

Advantageously, the encoder according to the third aspect of the invention is also
arranged to indicate quantization parameter (QP) values used to quantize sets of transform

coefficient values representative of blocks of pixel values produced for frames coded in
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INTRA-coding mode in a mannet analogous to that described above for indicating the
quantization parameter values used to quantize sets of transform coefficient values
representative of prediction error values produced for frames coded in INTER-coding
mode.

Advantageously, the default level of quantization defined by the video encoder is
specific to the video sequence being encoded.

Advantageously, the video encoder is further arranged to provide an indication of
the default level of quantization in the encoded bit-stream representative of the digital
video sequence. Even more advantageously, it is arranged to transmit the encoded bit-
stream to a corresponding video decoder.

Advantageously the video encoder is further arranged to update the default level of
quantization during encoding of the digital video sequence and to provide an indication of
the updated default level of quantization. Preferably, the encoder is also arranged to
transmit the indication of the updated default level of quantization to a corresponding
video decoder. Advantageously, the encoder includes the indication of the updated default
level of quantization in the encoded bit-stream representative of the digital video
sequence.

Preferably, the video encoder is further arranged to adjust the level of quantization
applied to the sets of transform coefficient values and thereby to apply an actual level of
quantization that is different from the default level of quantization. Preferably, the video
encoder is still further arranged to represent the actual level of quantization as a difference
with respect to the default level of quantization and to provide an indication of the
difference with respect to the default level of quantization in the encoded bit-stream
representative of the digital video sequence.

In one embodiment, a video encoder according to the third aspect of the invention is
arranged to adjust the level of quantization applied to the sets of transform coefficient
values from one frame of the digital video sequence to another. In this way it is arranged
to apply an actual level of quantization to the sets of transform coefficients for a particular
frame that is different from the default level of quantization to be used throughout
encoding of the digital video sequence. Advantageously, the video encoder according to
this embodiment is further arranged to represent the actual level of quantization to be used

in the particular frame as a difference with respect to the default level of quantization and
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to provide an indication of the difference with respect to the default level of quantization

in the encoded bit-stream representative of the digital video sequence.

In an alternative embodiment, a video encoder according to the third aspect of the
invention is further arranged to group the plurality of blocks into which a frame of the
digital video sequence is divided into one or more segments and to adjust the level of
quantization applied to the sets of transform coefficient values from one segment of a
frame to another. In this way the video encoder is arranged to apply an actual level of
quantization to the sets of transform coefficients for a particular segment of a frame that is
different from the default level of quantization to be used throughout encoding of the
digital video sequence. Advantageously, the video encoder according to this alternative
embodiment is further arranged to represent the actual level of quantization to be used in
the particular segment as a difference with respect to the default level of quantization and
to provide an indication of the difference with respect to the default level of quantization
in the encoded bit-stream representative of the digital video sequence.

In a particular embodiment, the video encoder is arranged to provide an indication
of the default level of quantization and an indication that the default level is to be used to
quantize all sets of transform coefficient values throughout the digital video sequence.

Advantageously, the video encoder according to the third aspect of the invention is
provided in a multimedia terminal. Even more preferably, it is implemented in a radio
telecommunications device.

According to a fourth aspect of the invention, there is provided a decoder for
decoding an encoded digital video sequence to produce a decoded digital video sequence.
The digital video sequence comprises a number of frames, each frame of the sequence
comprising an array of pixels and being divided into a plurality of blocks, each block
comprising a certain number of pixels, frames of the digital video sequence having been
encoded by applying motion compensated prediction to blocks of pixels to produce
corresponding blocks of prediction error values and applying a transform coding
technique to the blocks of prediction error values to produce sets of transform coefficient
values representative of said blocks of prediction error values and applying a level of
quantization to the sets of transform coefficient values to yield sets of quantized transform
coefficient values representative of the blocks of prediction error values. According to the

invention, the video decoder is arranged to define a default level of inverse quantization to
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be used throughout decoding of the encoded digital video sequence to inverse quantize the

sets of quantized transform coefficient values.

Preferably, the default level of inverse quantization is identical to a default level of
quantization used to quantize the sets of transform coefficient values during encoding of
the video sequence.

Advantageously, the default level of inverse quantization defined to be used
throughout decoding of the encoded digital video sequence is specific to the encoded
video sequence being decoded.

Advantageously, the video decoder is arranged to retrieve an indication of the
default level of inverse quantization, preferably from a bit-stream representative of the
encoded digital video sequence.

Advantageously, the video decoder is arranged to update the default level of inverse
quantization during decoding of the digital video sequence, preferably by retrieving an
indication of an updated default level of quantization from a bit-stream representative of
the encoded digital video sequence. Alternatively, the video decoder is arranged to receive
an indication of an updated default level of quantization transmitted from a video
encoding device.

Preferably, the video decoder is arranged to adjust the level of inverse quantization
applied to the sets of quantized transform coefficient values and to apply an actual level of
inverse quantization to the sets of quantized transform coefficient values that is different
from the default level of inverse quantization. Advantageously, the decoder is arranged to
determine the actual level of inverse quantization by adding a difference value to the
default level of inverse quantization, the difference value being representative of the
difference between the default level of inverse quantization and the actual level of inverse
quantization to be applied. Preferably, the video decoder is arranged to retrieve an
indication of the difference value from a bit-stream representative of the encoded digital
video sequence.

In one embodiment, a video decoder according to the fourth aspect of the invention
is arranged to adjust the level of inverse quantization applied to the sets of quantized
transform coefficient values from one frame of the digital video sequence to another and
to apply an actual level of inverse quantization to the sets of quantized transform
coefficients for a particular frame of the digital video sequence that is different from the

default level of inverse quantization to be used throughout decoding of the encoded digital
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video sequence. Advantageously, the decoder is arranged to determine the actual level of
inverse quantization to be used in the particular frame by adding a frame-specific
difference value to the default level of inverse quantization, the frame-specific difference
value being representative of the difference between the default level of inverse
quantization and the actual level of inverse quantization to be used in the particular frame.
Preferably, the video decoder is arranged to retrieve an indication of the frame-specific
difference value from a bit-stream representative of the encoded digital video sequence.

In an alternative embodiment, a video decoder according to the fourth aspect of the
invention is arranged to decode an enqoded video sequence in which the plurality of
blocks into which a frame of said digital video sequence is divided are grouped into one or
more segments and is further arranged to adjust the level of inverse quantization applied
to the sets of quantized transform coefficient values from one segment of a frame to
another and to apply an actual level of inverse quantization to the sets of quantized
transform coefficients for a particular segment of a frame that is different from the default
level of inverse quantization to be used throughout decoding of the encoded digital video
sequence. Preferably, the decoder is arranged to determine the actual level of inverse
quantization to be used in the particular segment by adding a segment-specific difference
value to the default level of inverse quantization, the segment-specific difference value
being representative of the difference between the default level of inverse quantization
and the actual level of inverse quantization to be used in the particular segment.
Preferably, the video decoder is arranged to retrieve an indication of the segment-specific
difference value from a bit-stream representative of the encoded digital video sequence.

According to a fifth aspect of the invention, there is provided a multimedia terminal
comprising an encoder according the third aspect of the invention.

According to a sixth aspect of the invention, there is provided a multimedia terminal
comprising a decoder according to the fourth aspect of the invention.

Preferably, the multimedia terminal according to the fifth and / or sixth aspects of
the invention is a mobile multimedia terminal arranged to communicate with a mobile

telecommunications network by means of a radio connection.

Brief Description of the Drawings
Figure 1 illustrates the formation of a 16x16 macroblock according to prior art.
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Figure 2 illustrates subdivision of a QCIF picture into 16x16 macroblocks and
grouping of consecutive macroblocks into slices.

Figure 3 is a schematic block diagram of a generic video encoder according to prior

Figure 4 is a schematic block diagram of a generic video decoder according to prior
art and corresponding to the encoder shown in Figure 3.

Figure 5 is a schematic block diagram of a video encoder according to an
embodiment of the invention.

Figure 6 is a schematic block diagram of a video decoder according to an
embodiment of the invention and corresponding to the encoder shown in Figure 5.

Figure 7 illustrates a decoding process according to one possible embodiment of the
invention. Quantization parameters (QP) for each slice are obtained by adding the
Sequence QP (SQP) to slice specific difference QP values (AQP").

Figure 8 is a schematic block diagram of a multimedia communications terminal in

which the method according to the invention may be implemented.

Detailed Description of the Invention

In a preferred embodiment of the invention a video sequence specific quantization
parameter (QP) is transmitted and used as a reference when coding and decoding the
actual picture / slice quantization parameters. In this way there is no need to transmit a full
QP for every picture / slice, but a statistically smaller difference value is transmitted and
used to reconstruct the picture / slice QP, thus leading to reduction in transmission bit-
rate.

Embodiments of the invention will now be described with reference to Figures 5
through 8.

Figure 5 is a schematic block diagram of a video encoder 600 implemented
according to the preferred embodiment of the invention. The structure of the video
encoder shown in Figure 5 is substantially identical to that of the prior art video encoder
illustrated in Figure 3, with appropriate modifications to those parts of the encoder that
perform operations relating to the quantization of DCT transform coefficients and the
signalling of quantization parameter (QP) values used in the video encoding process. All
parts of the video encoder that implement functions and operate in a manner identical to

the previously described prior art video encoder are identified with identical reference
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numbers. As the invention is particularly relevant to the signalling of quantization
parameter (QP) values at the slice or frame level, it will be assumed throughout the
following description that video encoder 600 gccording to the preferred embodiment of
the invention is specifically adapted to apply a video coding method in which the frames
of a video sequence to be coded are divided into macroblocks and the macroblocks are
further grouped into slices, an indication of the quantization parameter being provided at
the beginning of each frame and at the beginning of each new slice within a frame. An
example of such a video coding method is the previously cited ITU-T H.26L video coding
recommendation, as described in T. Wiegand, "Joint Model Number 1", Doc. JVT-A003,
Joint Video Team (JVT) of ISO/IEC MPEG and ITU-T VCEG, Jan. 2002. Alternatively,
the method can be applied in a video coding system in which an indication of the
quantization parameter is given only at the beginning of a frame. While the following
detailed description is written specifically to illustrate application of the method according
to the invention in the indication and signalling of slice level quantization parameters, it
should be appreciated that the method can applied in an exactly analogous manner to the
representation of frame (picture) level quantization parameters.

Operation of video encoder 600 will now be considered in detail. When encoding a
digital video sequence, encoder 600 operates in a manner similar to that previously
described in connection with Figure 3 to generate INTRA-coded and INTER-coded
compressed video frames. As explained earlier in the text, in INTRA-coding mode, a
Discrete Cosine Transform (DCT) is applied to each block of image data (pixel values) in
order to produce a corresponding two-dimensional array of transform coefficient values.
The DCT operation is performed in transform block 104 and the coefficients thus
produced are subsequently passed to quantizer 106, where they are quantized. In INTER-
coding mode, the DCT transform performed in block 104 is applied to blocks of
prediction error values. The transform coefficients produced as a result of this operation
are also passed to quantizer 106 where they too are quantized.

According to the invention, when starting to encode a new video sequence, encoder
600 determines a default or reference level of quantization that is to be used throughout
encoding of the video sequence to quantize the DCT coefficient values generated in
quantizer 106. Throughout the following description, this default or reference level of
quantization will be termed a "sequence level quantization parameter", or SQP for short.

The choice of an SQP for a given video sequence is controlled by control manager 660
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and, for example, may be based on consideration of the properties of the sequence to be
encoded and the bandwidth available for transmission of the encoded bit-stream produced
by the encoder.

In the preferred embodiment of the invention, encoder 600 determines SQP as the
default or reference level of quantization to be used when operating in INTER-coding
mode, i.e. in situations when the DCT coefficients generated in transform block 104 are
representative of prediction error values. It should be appreciated that the method
according to the invention can also be applied to the quantization of DCT coefficient
values produced in traditional INTRA-coding mode utilizing no spatial prediction.
However, given the different origins of the transform coefficients in INTRA- and INTER-
coding modes (the DCT coefficients produced in INTRA-coding mode are derived from
pixel values, while those generated in INTER-coding mode are produced by applying a
DCT transform to prediction error values) it is unlikely that a single SQP value can be
determined that is optimum for quantization of DCT coefficients in both INTRA- and
INTER-coding modes. Therefore, in an embodiment in which the method according to the
invention is used in both INTRA- and INTER-coding mode, two SQP values are
preferably be used, one that provides the most efficient representation of QP value
information in INTRA-coding mode and another that provides the most efficient
representation of QP values used during INTER-coding. In all other respects, the method
according to the invention may be applied in a directly analogous way in both INTRA-and
INTER-coding modes. Of course, in an alternative embodiment, a single SQP value may
be defined and used as the sequence level quantization parameter for both INTRA- and
INTER-coded frames. This is a practical approach especially in modern video coding
systems, such as the one described in T. Wiegand, “Joint Model Number 17, Doc. JVT-
A003, Joint Video Team (JVT) of ISO/IEC MPEG and ITU-T VCEG, Jan. 2002, where
spatial prediction is applied to the INTRA coded macroblocks before coding the INTRA
rediction error with DCT.

It should further be noted that as the majority of frames in a typical video sequence
are encoded as INTER frames, the greatest saving in bit-rate is achieved by applying the
method according to the invention to the representation of QP values in INTER-coding
mode. Thus, in the preferred embodiment of the invention, a single SQP value is used, this

value being indicative of a default or reference value of quantization to be used in
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quantizing DCT coefficients representative of prediction error values in INTER-coding
mode.

Having determined the SQP value to be used for the sequence, control manager 660
provides an indication of the selected SQP value via control line 122 to video multiplex
coder 670 which, in turn, inserts an indication of the SQP value into the bit-stream 635 of
coded image information representative of the video sequence. Preferably, this indication
is provided in a sequence header portion of the encoded video bit-stream 635.

Video encoder 600 then starts to encode the video sequence. As explained in
connection with the description of prior art video encoder 100, illustrated in Figure 3, the
first frame of the sequence to be encoded is encoded in INTRA-format. As the SQP value
defined according to the preferred embodiment of the invention is specific to the
quantization of DCT coefficient values produced in INTER-coding mode, operation of
encoder 600 in INTRA-coding mode is entirely analogous to that of prior art video
encoder 100 and will not be considered in further detail here.

Once encoding of the first frame is complete, control manager 660 switches video
encoder 600 into INTER-coding mode. In INTER-coding mode, switch 102 is operated to
receive its input from line 117, which comprises the output of combiner 116. Combiner
116 receives the video input signal macroblock by macroblock from input 101 and forms
a block of prediction error information for each block of the macroblock. The prediction
error information for each block is passed to DCT transformer 104, which performs a two-
dimensional discrete cosine transform on each block of prediction error values to produce
a two-dimensional array of DCT transform coefficients for the block in question. The
transform coefficients for each prediction error block are then passed to quantizer 106
where they are quantized, as previously described, using a quantization parameter QP. The
rest of the INTER-coding process continues as previously described in connection with
prior art video encoder 100.

As each macroblock is received, control manager 660 determines whether the
macro\block currently being processed is the first macroblock of a slice. If it is, the control
manager determines a quantization parameter value QP to be used in quantizing the DCT
coefficient values generated in DCT transformer 104. It should be noted that it is possible
to make an estimation about the QP based on the bit-budget allowed for the frame, bits
already spent in the previous slices or the same frame and possibly the bits spent for slices

in the previous frame. Having done this, control manager 660 determines a difference
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(AQP) between the previously defined sequence level quantization parameter value SQP
and the actual QP value to be used for the slice in question. It then passes an indication of
this difference via control line 624 to video multiplex coder 670, which further includes an
indication of the difference value AQP in bit-stream 635. Preferably, this indication is
provided in a slice header portion of the encoded video bit-stream 635 containing control
information specific to the slice in question. This process is repeated until all slices of the
current frame have been encoded in INTER-coded format, at which point the video
encoder starts to encode the next frame of the video sequence.

A video decoder 700 implemented according to a preferred embodiment of the
invention will now be described with reference to Figure 6. The structure of the video
decoder illustrated in Figure 6 is substantially identical to that of the prior art video
decoder shown in Figure 4, with appropriate modifications to those parts of the decoder
that perform operations relating to the inverse quantization of DCT transform coefficients.
All parts of the video decoder that implement functions and operate in a manner identical
to the previously described prior art video decoder are identified with identical reference
numbers.

Here it is assumed that the video decoder of Figure 6 corresponds to the encoder
described in connection with Figure 5 and is therefore capable of receiving and decoding
the bit-stream 635 transmitted by encoder 600. As previously described, in the preferred
embodiment of the invention, encoder 600 determines a sequence level quantization
parameter SQP to be used in INTER-coding mode. Correspondingly, decoder 700 is
adapted to receive an indication of this SQP value and to use the sequence level
quantization parameter SQP in the determination of inverse quantization parameters to be
applied to blocks of quantized transform coefficient values (representative of prediction
error values) received in the encoded bit-stream for INTER-coded frames. In an
alternative embodiment of the invention, the same process may also be applied to
quantized transform coefficient values extracted from the bit-stream for INTRA-coded
frames. As explained above, in this alternative embodiment, an indication of two SQP
values may be provided, one for INTRA-coded frames of the sequence and one for
INTER-coded frames. In a further alternative embodiment, a single sequence level
quantization parameter may be indicated for frames coded in both INTRA- and INTER-

coding modes.
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Operation of a video decoder according to the preferred embodiment of the
invention will now be described in detail. Decoder 700 receives bit-stream 635 and
separates it into its constituent parts. This operation is performed by video multiplex
decoder 770.

When starting to decode a new sequence, video multiplex decoder 770 first extracts
information and parameters relating to the sequence as a whole from the sequence header
portion of the received bit-stream 635. As explained above in connection with the.
description of encoder 600, according to the preferred embodiment of the invention, the
sequence header portion of the bit-stream is modified to contain an indication of the
sequence level quantization parameter SQP used in quantization of DCT coefficient
values produced in INTER-coding mode. Video multiplex decoder extracts the indication
of the SQP value from the bit-stream and, if it was encoded, for example using variable
length coding, applies appropriate decoding to recover the SQP value. It then passes the
SQP value to the decoder's control manager 760, which stores it in the decoder's memory.

Video decoder 700 then starts to decode the encoded frames of the video sequence,
the decoding of each frame cornmenéing as soon as the video decoder starts receiving
information relating to the frame in video bit-stream 635. Video multiplex decoder 770
extracts an INTRA / INTER trigger control signal from picture type information
associated with each compressed video frame received in the encoded bit-stream 635 and
passes it to control manager 760 via control line 215. The control manager 760 controls
the operation of the decoder responsive to the INTRA / INTER trigger control signal, so
as to switch the decoder into the correct decoding mode.

In the preferred embodiment of the invention, the decoding of frames coded in
INTRA-format is performed in a manner analogous to that previously described in
connection with the operation of prior art video decoder 200. The decoding of frames
encoded in INTER-format, on the other hand, proceeds as described in the following.

When it receives an indication that the next frame to be decoded is an INTER-coded
frame, extracted from the received bit-stream by video multiplex decoder 770, control
manager 760 switches decoder 700 into INTER-mode. As explained in connection with
the description of encoder 600, according to the preferred embodiment of the invention, in
which the macroblocks of each frame are grouped into slices, encoded bit-stream 635
comprises certain slice-specific control information, which includes an indication of a

slice-specific QP value, represented as a difference value AQP with respect to the
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sequence level quantization parameter SQP. Advantageously, the control information
specifically related to each slice is provided in the bit-stream as a header portion specific
to the slice in question. On receiving such a portion of the bit-stream, video multiplex
decoder extracts the slice-specific control information from the slice header portion of the
bit-stream and passes the indication of AQP for the slice, retrieved from the bit-stream, to
control manager 760 via control line 717.

Next, control manager 760 determines a level of inverse qué.ntization to be applied
to the quantized DCT coefficients of the macroblocks in the slice. This is done by
combining the AQP value for the slice with the sequence specific quantization parameter
SQP, previously received and stored in the decoder's memory. As described earlier in the
text, the inverse quantization operation performed in the decoder involves multiplying

each quantized DCT coefficient by a value equal to the level of quantization originally

- applied, that is, by the QP value used in the corresponding encoder to quantize the DCT

coefficients. Thus, according to the preferred embodiment of the invention, control
manager 760 determines the level of inverse quantization for the macroblocks of the slice
by adding the received AQP value for the slice to SQP. It then passes this value to inverse
quantizer 210 via control line 218.

As encoded information for each macroblock of the slice is received in the bit-
stream 635, video multiplex decoder 770 separates the encoded prediction error
information for each block of the macroblock from encoded motion vector information. It
reconstructs the quantized DCT transform coefficients representative of the prediction
error values for each block and passes them to inverse quantizer 210. Inverse quantizer
210 then inverse quantizes the quantized DCT coefficients according to the slice QP
constructed from the AQP and SQP values by control manager 760. It then provides the
inverse quantized DCT coefficients to inverse DCT transformer 220. The rest of the
decoding process continues as previously described in connection with prior art video
decoder 200.

The steps of receiving a slice-specific AQP value, combining AQP with SQP and
inverse quantizing the qauntized DCT coefficients for each block of the macroblocks
within the slice is repeated for each slice of the frame until all slices of the current
INTER-coded frame have been decoded. At this point video encoder 700 starts decoding

the next frame of the encoded video sequence.
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Figure 7 illustrates the way in which slice-specific QP values are reconstructed
according to the preferred embodiment of the invention. As can be seen from the figure,

the process comprises the steps of:

1. retrieving a sequence level quantization parameter (SQP);

2.  retrieving a picture or slice level difference quantization parameter (AQP);

3.  adding the difference quantization parameters to the sequence level
quantization parameter to obtain the quantization parameters for a picture or a slice;

4.  constructing the received prediction error-coding coefficients by means of said

picture or slice quantization parameter.

Figure 8 presents a terminal device comprising video encoding and decoding
equipment which may be adapted to operate in accordance with the present invention.
More precisely, the figure illustrates a multimedia terminal 80 implemented according to
ITU-T recommendation H.324. The terminal can be regarded as a multimedia transceiver
device. It includes elements that capture, encode and multiplex multimedia data streams
for transmission via a communications network, as well as elements that receive, de-
multiplex, decode and display received multimedia content. ITU-T recommendation
H.324 defines the overall operation of the terminal and refers to other recommendations
that goverh the operation of its various constituent parts. This kind of multimedia terminal
can be used in real-time applications such as conversational videotelephony, or non real-
time applications such as the retrieval and / or streaming of video clips, for example from
a multimedia content server in the Internet.

4 In the context of the present invention, it should be appreciated that the H.324
terminal shown in Figure 8 is only one of a number of alternative multimedia terminal
implementations suited to application of the inventive method. It should also be noted that
a number of alternatives exist relating to the location and implementation of the terminal
equipment. As illustrated in Figure 8, the multimedia terminal may be located in
communications equipment connected to a fixed line telephone network such as an
analogue PSTN (Public Switched Telephone Network). In this case the multimedia
terminal is equipped with a modem 91, compliant with ITU-T recommendations V.8,
V.34 and optionally V.8bis. Alternatively, the multimedia terminal may be connected to

an external modem. The modem enables conversion of the multiplexed digital data and
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control signals produced by the multimedia terminal into an analogue form suitable for
transmission over the PSTN. It further enables the multimedia terminal to receive data and
control signals in analogue form from the PSTN and to convert them into a digital data
stream that can be demultiplexed and processed in an appropriate manner by the terminal.

An H.324 multimedia terminal may also be implemented in such a way that it can be
connected directly to a digital fixed line network, such as an ISDN (Integrated Services
Digital Network). In this case the modem 91 is replaced with an ISDN user-network
interface. In Figure 8, this ISDN user-network interface is represented by alternative block
92.

H.324 multimedia terminals may also be adapted for use in mobile communication
applications. If used with a wireless communication link, the modem 91 can be replaced
with any appropriate wireless interface, as represented by alternative block 93 in Figure 8.
For example, an H.324/M multimedia terminal can include a radio transceiver enabling
connection to the current 2™ generation GSM mobile telephone network, or the proposed
3" generation UMTS (Universal Mobile Telephone System).

It should be noted that in multimedia terminals designed for two-way
communication, that is for transmission and reception of video data, it is advantageous to
provide both a video encoder and video decoder implemented according to the present
invention. Such an encoder and decoder pair is often implemented as a single combined
functional unit, referred to as a "codec".

A typical H.324 multimedia terminal will now be described in further detail with
reference to Figure 8.

The multimedia terminal 80 includes a variety of elements referred to as "terminal
equipment”. This includes video, audio and telematic devices, denoted generically by
reference numbers 81, 82 and 83, respectively. The video equipment 81 may include, for

example, a video camera for capturing video images, a monitor for displaying received

“video content and optional video processing equipment. The audio equipment 82 typically

includes a microphone, for example for capturing spoken messages, and a loudspeaker for
repfoducing received audio content. The audio eqﬁipment may also include additional
audio processing units. The telematic equipment 83, may include a data terminal,
keyboard, electronic whiteboard or a still image transceiver, such as a fax unit.

The video equipment 81 is coupled to a video codec 85. The video codec 85

comprises a video encoder 600 and a corresponding video decoder 700 both implemented
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according to the invention (see Figures 5 and 6). The video codec 85 is responsible for
encoding captured video data in an appropriate form for further transmission over a
communications link and decoding compressed video content received from the
communications network. In the example illustrated in Figure 8, the video codec is
implemented according to ITU-T recommendation H.26L., with appropriate modifications
to implement the method according to the invention in both the encoder and the decoder
of the video codec.

The terminal’s audio equipment is coupled to an audio codec, denoted in Figure 8
by reference number 86. Like the video codec, the audio codec comprises an
encoder/decoder pair. It converts audio data captured by the terminal’s audio equipment
into a form suitable for transmission over the communications link and transforms
encoded audio data received from the network back into a form suitable for reproduction,
for example on the terminal’s loudspeaker. The output of the audio codec is passed to a
delay block 87. This compensates for the delays introduced by the video coding process
and thus ensures synchronisation of audio and video content.

The system control block 84 of the multimedia terminal controls end-to-neétwork
signalling using an appropriate control protocol (signalling block 88) to establish a
common mode of operation between a transmitting and a receiving terminal. The
signalling block 88 exchanges information about the encoding and decoding capabilities
of the transmitting and receiving terminals and can be used to enable the various coding
modes of the video encoder. The system control block 84 also controls the use of data
encryption. Information regarding the type of encryption to be used in data transmission is
passed from encryption block 89 to the multiplexer/de-multiplexer (MUX/DMUX unit)
90.

During data transmission from the multimedia terminal, the MUX/DMUX unit 90
combines encoded and synchronised video and audio streams with data input from the
telematic equipment 83 and possible control data, to form a single bit-stream. Information
concerning the type of data encryption (if any) to be applied to the bit-stream, provided by
encryption block 89, is used to select an encryption mode. Correspondingly, when a
multiplexed and possibly encrypted multimedia bit-stream is being received,
MUX/DMUX unit 90 is responsible for decrypting the bit-stream, dividing it into its
constituent multimedia components and passing those components to the appropriate

codec(s) and/or terminal equipment for decoding and reproduction.
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If the multimedia terminal 80 is a mobile terminal, that is, if it is equipped with a
radio transceiver 93, it will be understood by those skilled in the art that it may also
comprise additional elements. In one embodiment it comprises a user interface having a
display and a keyboard, which enables operation of the multimedia terminal 80 by a user,
a central processing unit, such as a microprocessor, which controls the blocks responsible
for different functions of the multimedia terminal, a random access memory RAM, a read
only memory ROM, and a digital camera. The »microprocessor’s operating instructions,
that is program code corresponding to the basic functions of the multimedia terminal 80, is
stored in the read-only memory ROM and can be executed as required by the
microprocessor, for example under control of the user. In accordance with the program
code, the microprocessor uses the radio transceiver 93 to form a connection with a mobile
communication network, enabling the multimedia terminal 80 to transmit information to
and receive information from the mobile communication network over a radio path.

The microprocessor monitors the state of the user interface and controls the digital
camera. In response to a user command, the microprocessor instructs the camera to record
digital images into the RAM. Once an image is captured, or alternatively during the
capturing process, the microprocessor segments the image into image segments (for
example macroblocks) and uses the encoder to perform motion compensated encoding of
the segments in order to generate a compressed image sequence, as explained in the
foregoing description. A user may command the multimedia terminal 80 to display the
captured images on its display or to send the compressed image sequence using the radio
transceiver 93 to another multimedia terminal, a video telephone connected to a fixed line
network (PSTN) or some other telecommunications device. In a preferred embodiment,
transmission of image data is started as soon as the first segment is encoded so that the
recipient can start a corresponding decoding process with a minimum delay.

Although described in the context of particular embodiments, it will apparent to
those skilled in the art that a number of modifications and various changes to these
teachings may be made. Thus, while the invention has been particularly shown and
described with respect to one or more preferred embodiments thereof, it will be
understood by those skilled in the art that certain modifications or changes may be made

therein without departing from the scope and spirit of the invention as set forth above.
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In particular, according to a second possible embodiment of the invention, a
sequence QP is not transmitted but an application specific constant is used as sequence QP
instead.

In a third possible embodiment of the invention the sequence QP can be updated
depending on the changing characteristics of the video sequence if a reliable way of
transmitting the new sequence QP is available. The updated SQP value can be either
included in the encoded bit-stream representative of the video sequence or can be
transmitted directly from encoder to decoder in an associated control channel.

In a fourth possible embodiment of the invention, if QP is constant for the whole
video sequence only the value of the sequence QP is transmitted together with the

information that it should be used as the QP for all the pictures / slices.
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System and method for encoding and decoding enhancement layer data using base layer
quantization data.

The present invention is related to those disclosed in United States Patent
Application No. (Docket No. 700752), entitled ASYSTEM AND METHOD FOR FINE
GRANULAR SCALABLE VIDEO WITH SELECTIVE QUALITY ENHANCEMENT,@
and in United States Patent Application No. (Docket No. 700736), entitled ASYSTEM AND
METHOD FOR IMPROVED FINE GRANULAR SCALABLE VIDEO USING BASE
LAYER CODING INFORMATION.@ The foregoing applications were filed on July 6,
1999 and are commonly assigned to the assignee of the present invention. The disclosures of
the related patent applications are incorporated herein by reference for all purposes as if fully
set forth herein.

The present invention is directed, in general, to video encoding systems and,

more specifically, to an encoding system and a decoding system for streaming video data.

Real-time streaming of multimedia content over data networks, including the
Internet, has become an increasingly common application in recent years. A wide range of
interactive and non-interactive multimedia applications, such as news-on-demand, live
network television viewing, video conferencing, among others, rely on end-to-end streaming
video techniques. Unlike a Adownloaded@ video file, which may be retrieved first in Anon-
real@ time and viewed or played back later in Areal@ time, streaming video applications
require a video transmitter that encodes and transmits a video signal over a data network to a
video receiver, which must decode and display the video signal in real time.

Scalable video coding is a desirable feature for many multimedia applications
and services that are used in systems employing decoders with a wide range of processing
power. Scalability allows processors with low computational power to decode only a subset
of the scalable video stream. Another use of scalable video is in environments witha

variable transmission bandwidth. In those environments, receivers with low-access
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bandwidth receive, and consequently decode, only a subset of the scalable video stream,
where the amount of that subset is proportional to the available bandwidth.

Several video scalability approaches have been adopted by lead video
compression standards such as MPEG-2 and MPEG-4. Temporal, spatial and quality (e.g.,
signal-noise ratio (SNR)) scalability types have been defined in these standards. All of these
approaches consist of a base layer (BL) and an enhancement layer (EL). The base layer part
of the scalable video stream represents, in general, the minimum amount of data needed for
decoding that stream. The enhanced layer part of the stream represents additional
information, and therefore enhances the video signal representation when decoded by the
receiver.

For example, in a variable bandwidth system, such as the Internet, the base
layer transmission rate may be established at the minimum guaranteed transmission rate of
the variable bandwidth system. Hence, if a subscriber has a minimum guaranteed bandwidth
of 256 kbps, the base layer rate may be established at 256 kbps also. If the actual available
bandwidth is 384 kbps, the extra 128 kbps of bandwidth may be used by the enhancement
layer to improve on the basic signal transmitted at the base layer rate.

For each type of video scalability, a certain scalability structure is identified.
The scalability structure defines the relationship among the pictures of the base layer and the
pictures of the enhanced layer. One class of scalability is fine-granular scalability. Images
coded with this type of scalability can be decoded progressively. In other words, the decoder
may decode and display the image with only a subset of the data used for coding that image.
As more data is received, the quality of the decoded image is progressively enhanced until
the complete information is received, decoded, and displayed.

The proposed MPEG-4 standard is directed to video streaming applications
based on very low bit rate coding, such as video-phone, mobile multimedia/ audio-visual
communications, multimedia e-mail, remote sensing, interactive games, and the like. Within
the MPEG-4 standard, fine-granular scalability (FGS) has been recognized as an essential
technique for networked video distribution. FGS primarily targets applications where video
is streamed over heterogeneous networks in real-time. It provides bandwidth adaptivity by
encoding content once for a range of bit rates, and enabling the video transmission server to
change the transmission rate dynamically without in-depth knowledge or parsing of the video
bit stream.

An important priority within conventional FGS techniques is improving
coding efficiency and visual quality of the intra-frame coded enhancement layer. This is
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necessary to justify the adoption of FGS techniques for the compression of the enhancement
layer in place of non-scalable (e.g., single layer) or less granular (e.g., multi-level SNR
scalability) coding methods.

Many video coding techniques have been proposed for the FGS compression
of the enhancement layer, including wavelets, bit-plane DCT and matching pursuits. At the
MPEG-4 meeting in Seoul, Korea in March 1999, the bit-plane DCT solution proposed by
Optivision was selected as a reference. The bit-plane coding scheme adopted as reference for
FGS includes the following steps at the encoder side:

1. residual computation in the DCT domain, by subtracting from each original
DCT coefficient the reconstructed DCT coefficient after base-layer quantization and
dequantization;

2. determining the maximum value of all of the absolute values of the residual
signal in a video object plane (VOP) and the maximum number of bits n to represent this

maximum value;

3. for each block within the VOP, representing each absolute value of the
residual signal with n bits in the binary format and forming n bit-planes;

4, bit-plane encoding of the residual signal absolute values; and

5. sign encoding of the DCT coefficients which are quantized to zero in the base-
layer.

These coding steps are reversed at the decoder side. It is important to notice
that the current implementation of the bit-plane coding of DCT coefficients is done
independently of the base-layer (coding) information. The quantized base-layer DCT
coefficients, which are employed for the residual layer computation in the DCT domain, are
the only information of the base-layer that is re-used for the compression of the enhancement
layer. However, additional base-layer information that could be used to further compress the
enhancement layer data is unused.

There is therefore a need in the art for improved encoders and encoding
techniques for use in streaming video systems. In particular, there is a need for encoders and
decoders that use base-layer information to increase the efficiency of the encoding and
decoding of enhancement layer data. More particularly, there is a need for encoding
techniques that use base-layer information to eliminate as much redundant information as
possible from the enhancement layer data. There is a further need for decoding techniques
that are able to use the base-layer information to predict as much enhancement layer data as

possible.



10

15

20

25

30

WO 01/26381 PCT/EP00/09487

To address the above-discussed deficiencies of the prior art, it is a primary
object of the present invention to provide a new technique for improving the coding
efficiency of an enhancement layer compression scheme. The present invention proposes a
technique for enhancing the coding efficiency of the bit-plane compression scheme of, for
example, the residual DCT coefficients currently adopted as a reference within the MPEG-4
standard. However, it is important to realize that the proposed improvements are not limited
to the DCT transform. Those skilled in the art will readily understand that the principles of
the present invention may also be successfully applied to other transforms (e.g., wavelets) for
the compression of the base and enhancement layer. However, in the descriptions that
follow, DCT coefficients are employed for illustration purposes only.

The proposed algorithm employs base-layer quantization parameters to predict
arange of the residual DCT coefficients (i.e., a maximum number of significant bit-planes
for each residual coefficient) and to avoid the unnecessary transmission of certain zero-
valued bit-planes of the DCT coefficients.

While the adopted FGS scheme eliminates most of the temporal dependencies
between consecutive enhancement-layer frames by adopting a motion-compensation
prediction-based scheme at the base-layer, unexploited redundancies still remain at the
enhancement-layer level. Using base-layer coding information, certain characteristics of the
enhancement-layer (residual) DCT coefficients can be predicted, thereby improving coding
efficiency.

Accordingly, in an advantageous embodiment of the present invention, there is
provided a video encoder comprising: 1) base layer circuitry capable of receiving an input
stream of video frames and generating therefrom compressed base layer video data suitable
for transmission to a streaming video receiver; 2) enhancement layer circuitry capable of
receiving the input stream of video frames and a decoded version of the compressed base
layer video data and generating therefrom enhancement layer video data associated with the
compressed base layer video data and suitable for transmission to the streaming video
receiver; and 3) a controller associated with the enhancement layer circuitry capable of
receiving a quantization parameter associated with the base layer video data and determining
therefrom at least one all-zero bit plane associated with at least one block of the enhancement
layer video data, wherein the controller is capable of causing the enhancement layer circuitry

not to transmit the at least one all-zero bit plane to the streaming video receiver.
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According to one embodiment of the present invention, the quantization
parameter is associated with a frame of the base layer video data.

According to another embodiment of the present invention, the controller
determines an upper boundary of a quantization parameter associated with the at least one
block.

According to still another embodiment of the present invention, the controller
is further capable of receiving a weighting matrix associated with the base-layer video data
and determining the at least one all-zero bit plane as a function of the quantization parameter
and the weighting matrix.

According to yet another embodiment of the present invention, the controller
is capable of determining a second all-zero bit plane associated with the at least one block of
the enhancement layer video data, based on an upper bound of the at least one block and a
value of at least one previously transmitted bit plane associated with the at least one block,
wherein the controller is capable of causing the enhancement layer circuitry not to transmit
the second all-zero bit plane to the streaming video receiver.

The present invention also may be embodied in a decoder. According to an
advantageous embodiment of the present invention, there is provided a video decoder
comprising: 1) base layer circuitry capable of receiving compressed base layer video data; 2)
enhancement layer circuitry capable of receiving enhancement layer video data associated
with the compressed ba;se layer video data; and 3) a controller associated with the
enhancement layer circuitry capable of receiving a quantization parameter associated with the
compressed base layer video data and predicting therefrom at least one all-zero bit plane
associated with at least one block of the enhancement layer video data, wherein the controller
is capable of inserting the at least one all-zero bit plane into the enhancement layer video
data.

According to one embodiment of the present invention, the quantization
parameter is associated with a frame of the base layer video data.

According to another embodiment of the present invention, the controller
determines an upper boundary of a quantization parameter associated with the at least one
block.

According to yet another embodiment of the present invention, the controller
is further capable of receiving a weighting matrix associated with the base-layer video data
and determining the at least one all-zero bit plane as a function of the quantization parameter
and the weighting matrix.
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According to still another embodiment of the present invention, the controller
is capable of determining a second all-zero bit plane associated with the at least one block of
the enhancement layer video data, based on an upper bound of the at least one block and a
value of at least one previously received bit plane associated with the at least one block,
wherein the controller is capable of inserting the second all-zero bit plane into the
enhancement layer video data. ‘

The foregoing has outlined rather broadly the features and technical
advantages of the present invention so that those skilled in the art may better understand THE
DETAILED DESCRIPTION OF THE INVENTION that follows. Additional features and
advantages of the invention will be described hereinafter that form the subject of the claims
of the invention. Those skilled in the art should appreciate that they may readily use the
conception and the specific embodiment disclosed as a basis for modifying or designing other
structures for carrying out the same purposes of the present invention. Those skilled in the
art should also realize that such equivalent constructions do not depart from the spirit and
scope of the invention in its broadest form.

Before undertaking the DETAILED DESCRIPTION OF THE INVENTION,
it may be advantageous to set forth definitions of certain words and phrases used throughout
this patent document: the terms “include” and “comprise” and derivatives thereof, mean
inclusion without limitation; the term “or,” is inclusive, meaning and/or; the phrases
“associated with” and “associated therewith,” as well as derivatives thereof, may mean to
include, be included within, interconnect with, contain, be contained within, connect to or
with, couple to or with, be communicable with, cooperate with, interleave, juxtapose, be
proximate to, be bound to or with, have, have a property of, or the like; and the term
“controller,” “processor,” or “apparatus” means any device, system or part thereof that
controls at least one operation, such a device may be implemented in hardware, firmware or
software, or some combination of at least two of the same. It should be noted that the
functionality associated with any particular controller may be centralized or distributed,
whether locally or remotely. Definitions for certain words and phrases are provided
throughout this patent document, those of ordinary skill in the art should understand that in
many, if not most instances, such definitions apply to prior, as well as future uses of such
defined words and phrases.
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For a more complete understanding of the present invention, and the
advantages thereof, reference is now made to the following descriptions taken in conjunction
with the accompanying drawings, wherein like numbers designate like objects, and in which:

FIGURE 1 illustrates an endCto-end transmission of streaming video from a
streaming video transmitter through a data network to a streaming video receiver, according
to one embodiment of the present invention;

FIGURE 2 illustrates an exemplary video encoder in accordance with one
embodiment of the present invention;

FIGURE 3 illustrates an exemplary video decoder in accordance with one
embodiment of the present invention;

FIGURE 4 is a flow diagram illustrating the operation of an exemplary video
encoder in accordance with one embodiment of the present invention; and

FIGURE 5 is a flow diagram illustrating the operation of an exemplary video

decoder in accordance with one embodiment of the present invention.

FIGURES 1 through 5, discussed below, and the various embodiments used to
describe the principles of the present invention in this patent document are by way of
illustration only and should not be construed in any way to limit the scope of the invention.
Those skilled in the art will understand that the principles of the present invention may be-
implemented in any suitably arranged video encoder and video decoder.

FIGURE 1 illustrates an endCto-end transmission of streaming video from
streaming video transmitter 110 through data network 120 to streaming video receiver 130,
according to one embodiment of the present invention. Depending on the application,
streaming video transmitter 110 may be any one of a wide variety of sources of video frames,
including a data network server, a television station transmitter, a cable network, a desktop
personal computer (PC), or the like.

Streaming video transmitter 110 comprises video frame source 112, video
encoder 114, storage 115, and encoder buffer 116. Video frame source 112 may be any
device capable of generating a sequence of uncompressed video frames, including a
television antenna and receiver unit, a video cassette player, a video camera, a disk storage
device capable of storing a Araw@ video clip, and the like. The uncompressed video frames
enter video encoder 114 at a given picture rate (or Astreaming rate@) and are compressed
according to any known compression algorithm or device, such as an MPEG-4 encoder.
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Video encoder 114 then transmits the compressed video frames to encoder buffer 116 for
buffering in preparation for transmission across data network 120. Data network 120 may be
any suitable network and may include portions of both public data networks, such as the
Internet, and private data networks, such as an enterprise-owned local area network (LAN) or
wide area network (WAN).

Streaming video receiver 130 comprises decoder buffer 132, video
decoder 134, storage 135, and video display 136. Depending on the application, streaming
video receiver may be any one of a number of a wide variety of receivers of video frames,
including a television receiver, a desktop personal computer (PC), a video cassette recorder
(VCR), or the like. Decoder buffer 132 receives and stores streaming compressed video
frames from data network 120. Decoder buffer 132 then transmits the compressed video
frames to video decoder 134 as required. Video decoder 134 decompresses the video frames
at the same rate (ideally) at which the video frames were compressed by video encoder 114.
Video decoder 134 sends the decompressed frames to video display 136 for play-back on the
screen of video display 134.

In an advantageous embodiment of the present invention, video encoder 114
may be implemented as a software program executed by a conventional data processor, such
as a standard MPEG encoder. In such an implementation, video encoder 114 may comprise a
plurality of computer executable instructions stored in storage 115. Storage 115 may
comprise any type of computer storage medium, including a fixed magnetic disk, a
removable magnetic disk, a CD-ROM, magnetic tape, video disk, and the like. Furthermore,
in an advantageous embodiment of the present invention, video decoder 134 also may be
implemented as a software program executed by a conventional data processor, such as a
standard MPEG decoder. In such an implementation, video decoder 134 may comprise a
plurality of computer executable instructions stored in storage 135. Storage 135 also may
comprise any type of computer storage medium, including a fixed magnetic disk, a
removable magnetic disk, a CD-ROM, magnetic tape, video disk, and the like.

FIGURE 2 illustrates exemplary video encoder 114 in accordance with one
embodiment of the present invention. Video encoder 114 comprises base layer encoding
unit 210 and enhancement layer encoding unit 250. Video encoder 114 receives an original
video signal that is transferred to base layer encoding unit 210 for generation of a base layer
bit stream. Base layer encoding unit 210 contains a main processing branch, comprising
motion estimator 212, transform circuit 214, quantization circuit 216, and entropy coder 218
that generates the base layer bit stream. Base layer encoding unit 210 also contains a
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feedback branch comprising inverse quantization circuit 224, inverse transform.circuit 226,
and frame store circuit 228.

Motion estimator 212 compares the original video signal input with the
received output from frame store 228 to estimate the amount of motion between the present
video frame and the reference frame as represented by changes in pixel characteristics. The
amount of motion or change is also known as the residue. The MPEG standard specifies that
motion information may be represented by one to four spatial motion vectors per 16x16 sub-
block (or macro-block) of a frame.

Transform circuit 214 receives the resultant motion or residue estimate output
from motion estimator 212 and transforms it from a spatial domain to a frequency domain
using known de-correlation techniques, such as a discrete cosine transform (DCT). In the
case of DCT, motion information is typically based on 16x16 macro-blocks. The motion
information associated with each group of 16x16 macro-blocks in the present original video
is coded differentially with respect to the motion information in the previous adjacent block
from frame store 228. Thus, transform circuit 214 provides a motion compensated residue
output coefficient represented as coeff{i) for each sample block or area of a particular video
object plane (VOP), where 0 < i < 64 for an 8x8 DCT. During the decode process, coeff{i)
may serve as a predictor of whether a particular segment of the present original video frame
has no all-zero bit planes (all-zero planes) or one or more all-zero planes. The transform
circuit 214 output is connected to quantization circuit 216 and to the enhancement layer
encoding unit 250.

Quantization circuit 216 receives the frequency domain outputs (DCT
coefficient outputs coeff(i)) from transform circuit 214 and further compresses the motion
compensation prediction information. Quantization circuit 216 quantisizes each coeff(i) with
a quantization parameter step-size (QP) to produce a quantization value coefficient
(qcoefi(i)) as its output. To illustrate the relationships between qcoeff(i), coefi(i), and QP,
consider the quantization of the transformed coefficients at the base-layer for the non-intra
case (i.e., B- and P- macroblocks). For the intra-blocks, a similar relationship can be
determined.

The non-intra-blocks relationship between qcoeff(i), coefi(i), and QP, is
provided by the following equation:

qcoeff[i] = #{ABS((ABS(coefi[i])-QP/2)/(2QP))}#
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where QP for this case employs the H263 quantization type, ABS represents the absolute
value and #(2)# equals the closest integer value smaller than “a” (i.e.,n<a<(n+ 1), where a
is a real-number and n an integer.

Quantization circuit 216 provides inputs for the base layer feedback path,
entropy coder 218, and enhancement layer encoding unit. Depending upon the application
and video quality, quantization circuit 216 may also use a weighting factor to adjust
quantization of the transform output.

The feedback path of the base layer encoding unit begins with inverse
quantization circuit 224. Inverse quantization circuit 224 de-quantizes the output of
quantization circuit 216 to produce a signal (dqcoeff(i)) that is representative of the transform
input to quantization circuit 216. For DCT intra-blocks and prior QP, the relationships
between dqcoeff(i), qcoefl(i), coefi(i), and QP are shown below:

dqcoeff(i) = qcoefi{(i) after de-quantization

= (2QP)(qcoefi(i))

= (2QP)#{ABS((ABS(coefi[i])-QP/2)/(2QP))} #
>(2QP)ABS(coefi{(i) - (2QP-1) - QP/2)/(2QP)
>ABS(coeff(i) — 2.5QP + 1)

Inverse transform circuit 226 converts the output of inverse quantization
circuit 224 to produce a signal which provides a representation of the original video signal as
modified by the transform and quantization processes. Frame store circuit 228 receives the:
decoded representative frame from inverse transform circuit 226 and stores the frame as a
reference signal for output to motion estimator circuit 212. As previously discussed, motion
estimator circuit 212 uses the resultant stored frame signal as the comparison signal for
determining differences between the stored frame and the present original video signal.

Entropy coder circuit 218 receives quantized coefficients from quantization
circuit 216 and the motion estimator 212 output and further compresses the data using
variable length coding techniques that represent areas with a high probability of occurrence
with a relatively short code and areas of lower probability of occurrence with a relatively
long code. The output of entropy coder 218 forms the base layer bit stream for transfer to
encoder buffer 116 as shown by FIGURE 1.

Enhancement layer encoding unit 250 contains a main processing branch,
comprising residual calculator 252 and fine granular scalability (FGS) encoder 256. Residual
calculator circuit 252 compares the original video signal with the frames stored in frame store
228 to generate a residual signal based on the difference between the two input signals.
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Residual calculator also receives coefficient data from the output of transform circuit 214
(coefi(i)) and coefficient data from the output of inverse quantization circuit 224 (dqcoeff(i))
to produce a residual output signal representing image information (DCT coefficients, for
example) which is missing in the base layer frames as a result of the transform, quantization,
and de-quantization processes. The output of residual calculator circuit 252 may also be
referred to as residual data or residual error data. The following equations show the
relationships of the calculated residual, quantization parameter, image coefficients, quantized
coefficients, and de-quantized coefficients for DCT and QP H263.

res(i) = residual between coeff(i) and dqcoeff{(i).

res(i) = coeff(i) — dqcoefi{(i)

= coeff(i) - (2QP) #{ ABS((ABS(coeff(i))-QP/2)/(2QP))}#
< coeff(i)- (2QP)(coeff(i) - (2QP-1) - QP/2)/(2QP)
<2QP-1+QP/2

<2.5QP-1

FGS frame encoder circuit 256 receives the residual signal from residual
calculator 252 and receives quantization parameter (QP) information from quantization
circuit 216. FGS frame encoder 256 combines, encodes, and compresses the received signals
(DCT coefficients) to produce the compressed output for the enhancement layer bit stream.
FGS frame encoder 256 receives the QP data associated with the base layer video data and
determines therefrom one of more all-zero bit planes associated with one or more blocks of
the enhancement layer video data. FGS frame encoder 256 suppresses transmission of the
all-zero bit plane(s) to the streaming video receiver in order to conserve available bandwidth.

The all-zero bit planes are redundant information that can be calculated in video decoder 134
using the QP data associated with the base layer video stream, as described below in greater
detail. Encoder buffer 116 accepts the enhancement layer bit stream from video encoder 114
and transfers the data to streaming video receiver 130 through data network 120 for decoding
by exemplary video decoder 134.

FIGURE 3 illustrates exemplary video decoder 134 in accordance with one
embodiment of the present invention. Exemplary video decoder 134 comprises base layer
decoding unit 310 and enhancement layer decoding unit 350. Base layer decoding unit 310
comprises a main decode processing path consisting of entropy decoding circuit 312, inverse
quantization circuit 314, and inverse transform (e.g., inverse DCT) circuit 316 and a feedback

path comprising motion compensation circuit 318 and frame store circuit 320.
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Entropy decoding unit 312 receives the base layer bit stream and reverses the entropy coding
process from the base layer in video encoder 114 to produce a quantized data signal similar to
the output of quantization circuit 216 in base layer encoding unit 210. The quantized signal
at the output of entropy decoding circuit 312 contains information such as motion
information, quantization step size (i.e., QP data), and type of macro-block. Entropy
decoding unit 312 transfers this data selectively to motion compensation circuit 318, inverse
quantization circuit 314, and enhancement layer decoding unit 350.

Inverse quantization circuit 314 accepts the decoded quantized (de-quantized)
output of entropy decoding circuit 312 and performs an inverse quantization to produce a
partially de-compressed signal equivalent to the transform coefficient output (coefi(i)) of
transform circuit 214. Inverse transform circuit 316 receives the output signal from inverse
quantization circuit 314 and performs an inverse transform, such as an inverse discrete cosine
transform (IDCT). The inverse transform produces an output signal representing the
decompressed motion signal for the original video input signal to exemplary video encoder
114. The output of inverse transform circuit 316 and the output of motion compensation
circuit 318 are combined in frame store circuit 320 to create a decoded base layer video
frame. Frame store circuit 320 stores the base layer video frame for transfer to enhancement
layer decoding unit 350 and for use by motion compensation circuit 318. Motion
compensation circuit 318 re-combines the present decoded motion output from entropy
decoding circuit 312 with the decoded base layer video frame from frame store circuit 320 to
generate a base layer video frame output for use by the enhancement layer decoding unit 350.

Enhancement layer decoding unit 350 comprises FGS frame decoding unit
352, inverse transform circuit (IDCT) 354, and residual computation circuit 356. FGS frame
decoding circuit 352 accepts the enhancement layer bit stream input from decoder buffer 132
and the QP data from entropy decoding circuit 312 and generates an output representing the
transformed (DCT) coefficients for the enhancement layer. FGS frame decoding circuit 352
uses the QP data from entropy decoding circuit 312 to identify and re-insert all-zero bit
planes that were deleted from the enhancement layer bitstream by video encoder 114.
Inverse transform circuit 354 then performs an inverse transform, such as an IDCT, on the
output of FGS frame decoding circuit 352 to generate an output signal representing the
enhancement layer video frames. Residual computation circuit 356 combines the outputs of
inverse transform 354 and frame store 320 to generate a decoded version of the original video
signal as an input to video display 136.
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FIGURE 4 is a flow diagram illustrating the operation of exemplary video
encoder 114 in accordance with one embodiment of the present invention. As shown by
FIGURE 2, video encoder 114 determines quantization parameters (QPs) for the frames,
blocks, and/or macro-blocks in the base layer video frames and outputs these from
quantization circuit 216 (step 405). Depending upon whether MPEG-quantization type is
used, video encoder 114 may apply a weighting matrix to quantize the various DCT
coefficients at the base-layer on a frequency-adaptive fashion (step 410).

Video encoder 114 uses the QP data and weighting matrix, if present, to
determine the upper bounds on residue coefficient values in selected blocks of the
enhancement layer data (step 415). To illustrate the upper boundary determination, consider
the residue (res(i)) associated with the (DCT) transformed coefficients at the base-layer for
the non-intra case (i.e., B and P-Macro-blocks) and QP H263:

res(i) <2.5QP -1

Ubound(i) =2.5QP - 1

Similar upper boundaries can be determined for a different quantization rule
(i.e., gcoeff determination) or another transform (e.g., wavelet). The lower bound for res(i) is
always zero.

If adaptive quantization plus frequency dependent weighting is-used, QP in the
previous equations may be substituted with [(QP)W(i)]/ 16, where W(i) is frequency
dependent weighting, which varies per transformed coefficient. The upper bound for res[i)
becomes [[2.5(QP)W(i)]/16] - 1, when frequency dependent weighting is used.

Continuing with the flow diagram, FGS frame encoder 256 analyzes the
outputs from quantization circuit 216 and residual calculator 252 to determine the presence of
all-zero planes in the enhancement layer data. FGS frame encoder 256 then suppresses
transmission of data related to the all-zero planes so that only bit planes which can not be
predicted as all-zero data are transmitted as part of the enhancement layer bit stream (step
420).

Next, FGS frame encoder 256 may compare the upper bounds of the residual
transform coefficients with previously transmitted bit planes to determine the presence of all-
zero planes in bit planes that are still to be transmitted (step 425). FGS frame encoder 256
uses this information to suppress transmission of the additional all-zero bit planes in the
enhancement layer bit stream (step 430). For example, assume that the upper boundary for a
DCT coefficient block is 26. Then the bit planes remaining to be transmitted cannot exceed
the binary value “11010 (i.e., 26 decimal). If the first two bit planes have been transmitted
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and both were equal to “1”, then the next bit plane must be an all zero bit plane, or else the
upper boundary will be exceeded (i.e., binary “111xx” is greater than 26). Thus, video
encoder 114 and video decoder 134 may represent a certain bit-plane p of the coefficient
“coeff(_)” with a minimum number of bit-planes n and an upper bound UB. Thus, the bit-
plane p can be predicted by both video encoder 114 and video decoder 134 if and only if:
coeff(n-p) + 2° > UB and n>p>0,
where n = number of significant bit-planes and coeff(n-p) = the integer formed by using the
first (already transmitted) n — p bit-planes.

FIGURE 5 is a flow diagram illustrating the operation of exemplary video
decoder 134 in accordance with one embodiment of the present invention. Initially, entropy
decoding circuit 312 receives the base layer bit stream from decoder buffer 132 and extracts
QP information for the frames, blocks, and macro-blocks in the base layer (step 505). In
addition, entropy decoding circuit 312 examines the base layer bit stream and extracts
weighting factors that may have been applied (step 510). The weighting factors, if any, and
the QP information are transferred to FGS frame decoding unit 352.

FGS frame decoding circuit 352 uses the QP information and the weighting
matrix, if present, to calculate the upper bounds on individual coefficient values for specific
image blocks (step 515). FGS frame decoding circuit 352 uses the upper bounds of the
coefficient values to predict the presence and location of all-zero planes and to subsequently
insert the all-zero bit planes (which were deleted by video encoder 114) into the enhancement
layer data (step 520). Next, FGS frame decoding circuit 352 compares the upper bounds of
coefficient values with the previously received and decoded bit planes to predict additional
all-zero bit planes in the rest of the incoming enhancement layer bit stream (step 525). FGS
frame encoding circuit 352 then reinserts the missing bit planes in the enhancement layer data
for subsequent processing by inverse transform circuit 354 and residual computation circuit
356 (step 530).

Although the present invention has been described in detail, those skilled in
the art should understand that they can make various changes, substitutions and alterations
herein without departing from the spirit and scope of the invention in its broadest form.
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CLAIMS:

1. A video encoder (114) comprising:
" base layer circuitry (210) capable of receiving an input stream of video frames

and generating therefrom compressed base layer video data suitable for transmission to a
streaming video receiver (130); and

enhancement layer circuitry (250) capable of receiving said input stream of
video frames and a locally decoded version of said compressed base layer video data and
generating therefrom enhancement layer video data associated with said compressed base
layer video data and suitable for transmission to said streaming video receiver (130); and

a controller (256) associated with said enhancement layer circuitry (250)
capable of receiving a quantization parameter associated with said base layer video data and
determining therefrom at least one all-zero bit plane associated with at least one block of said
enhancement layer video data, wherein said controller (256) is capable of causing said
enhancement layer circuitry (250) not to transmit said at least one all-zero bit plane to said

streaming video receiver (130).

2. The video encoder (114) set forth in Claim 1 wherein said quantization

parameter is associated with a frame of said base layer video data.

3. ' The video encoder (114) set forth in Claim 2 wherein said controller (256)
determines an upper boundary of a quantization parameter associated with said at least one
block.

4, The video encoder (114) set forth in Claim 1 wherein said controller (256) is
further capable of receiving a weighting matrix associated with said base-layer video data
and determining said at least one all-zero bit plane as a function of said quantization

parameter and said weighting matrix.

5. The video encoder (114) set forth in Claim 1 wherein said controller (256) is

capable of determining a second all-zero bit plane associated with said at least one block of
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said enhancement layer video data, based on an upper bound of said at least one block and a
value of at least one previously transmitted bit plane associated with said at least one block,
wherein said controller (256) is capable of causing said enhancement layer circuitry (250) not

to transmit said second all-zero bit plane to said streaming video receiver (130).

6. A video decoder (134) comprising:

base layer circuitry (310) capable of receiving compressed base layer video
data; and

enhancement layer circuitry (350) capable of receiving enhancement layer
video data associated with said compressed base layer video data; and

a controller (352) associated with said enhancement layer circuitry (350)
capable of receiving a quantization parameter associated with said compressed base layer
video data and predicting therefrom at least one all-zero bit plane associated with at least one
block of said enhancement layer video data, wherein said controller (352) is capable of
inserting said at least one all-zero bit plane into said enhancement layer video data.

7. The video decoder (134) set forth in Claim 6 wherein said quantization

parameter is associated with a frame of said base layer video data.

8. The video decoder (134) set forth in Claim 7 wherein said controller (352)
determines an upper boundary of a quantization parameter associated with said at least one
block.

9. The video decoder (134) set forth in Claim 6 wherein said controller (352) is
further capable of receiving a weighting matrix associated with said base-layer video data
and determining said at least one all-zero bit plane as a function of said quantization

parameter and said weighting matrix.

10. The video decoder (134) set forth in Claim 6 wherein said controller (352) is
capable of determining a second all-zero bit plane associated with said at least one block of
said enhancement layer video data, based on an upper bound of said at least one block and a
value of at least one previously received bit plane associated with said at least one block,
wherein said controller (352) is capable of inserting said second all-zero bit plane into said

enhancement layer video data.
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11. For use in a video encoder (114) comprising 1) base layer circuitry (210)
capable of receiving an input stream of video frames and generating therefrom compressed
base layer video data suitable for transmission to a streaming video receiver (130) and 2)
enhancement layer circuitry (250) capable of receiving the input stream of video frames and a
decoded version of the compressed base layer video data and generating therefrom
enhancement layer video data associated with the compressed base layer video data and
suitable for transmission to the streaming video receiver (130), a method of compressing the
enhancement layer video data comprising the steps of:

identifying a quantization parameter associated with the base layer video data;

determining from the quantization parameter at least one all-zero bit plane
associated with at least one block of the enhancement layer video data; and

causing the enhancement layer circuitry (250) not to transmit the at least one

all-zero bit plane to the streaming video receiver (130).

12. The method set forth in Claim 11 wherein the quantization parameter is
associated with a frame of the base layer video data.

13. The method set forth in Claim 12 including the further step of determining an
upper boundary of a quantization parameter associated with the at least one block.

14. The method set forth in Claim 11 including the further steps of identifying a
weighting matrix associated with the base-layer video data and determining the at least one
all-zero bit plane as a function of the quantization parameter and the weighting matrix.

15. The method set forth in Claim 11 further comprising the steps of:
determining a second all-zero bit plane associated with the at least one block

of the enhancement layer video data, based on an upper bound of the at least one block and a

value of at least one previously transmitted bit plane associated with the at least one block;

and
causing the enhancement layer circuitry (250) not to transmit the second all-

zero bit plane to the streaming video receiver (130).
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16. For use in a video decoder (134) comprising 1) base layer circuitry (310)
capable of receiving compressed base layer video data, and 2) enhancement layer circuitry
(350) capable of receiving enhancement layer video data associated with the compressed base
layer video data, a method of operating a controller (352) to decode the enhancement layer
video data, the method comprising the steps of:

receiving a quantization parameter associated with the compressed base layer
video data;

predicting therefrom at least one all-zero bit plane associated with at least one
block of the enhancement layer video data; and

inserting the at least one all-zero bit plane into the enhancement layer video
data.

17. The method set forth in Claim 16 wherein the quantization parameter is
associated with a frame of the base layer video data.

18. The method set forth in Claim 17 including the further step of determining an

upper boundary of a quantization parameter associated with the at least one block.

19. The method set forth in Claim 16 including the further step of receiving a
weighting matrix associated with the base-layer video data and determining the at least one
ali-zero bit plane as a function of the quantization parameter and the weighting matrix.

20. The method set forth in Claim 16 including the further steps of determining a
second all-zero bit plane associated with the at least one block of the enhancement layer
video data, based on an upper bound of the at least one block and a value of at least one
previously received bit plane associated with the at least one block; and inserting the second

all-zero bit plane into the enhancement layer video data.

21. A television receiver (130) comprising:
a decoder buffer (132) capable of receiving and storing compressed base layer
video data and compressed enhancement layer video data;
a video decoder (134) coupled to said decoder buffer (132) comprising:
base layer circuitry (310) capable of receiving said compressed base

layer video data;
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enhancement layer circuitry (350) capable of receiving said
enhancement layer video data associated with said compressed base layer video data; and

a controller (352) associated with said enhancement layer circuitry
(350) capable of receiving a quantization parameter associated with said compressed base
layer video data and predicting therefrom at least one all-zero bit plane associated with at
least one block of said enhancement layer video data, wherein said controller (352) is capable
of inserting said at least one all-zero bit plane into said enhancement layer video data.

22, The television receiver set forth in Claim 21 wherein said quantization

parameter is associated with a frame of said base layer video data.

23. The television receiver set forth in Claim 22 wherein said controller (352)
determines an upper boundary of a quantization parameter associated with said at least one
block.

24, The television receiver set forth in Claim 21 wherein said controller (352) is
further capable of receiving a weighting matrix associated with said base-layer video data
and determining said at least one all-zero bit plane as a function of said quantization

parameter and said weighting matrix.

25. The television receiver set forth in Claim 21 wherein said controller (352) is
capable of determining a second all-zero bit plane associated with said at least one block of
said enhancement layer video data, based on an upper bound of said at least one block and a
value of at least one previously received bit plane associated with said at least one block,
wherein said controller (352) is capable of inserting said second all-zero bit plane into said

enhancement layer video data.

26. For use in a video processing system (130) capable of receiving compressed
base layer video data and enhancement layer video data associated with the compressed base
layer video data, computer-executable process steps stored on a computer-readable storage
medium (135) for decoding the enhancement layer video data, the computer executable
process steps comprising the steps of:

receiving a quantization parameter associated with the compressed base layer

video data;
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predicting therefrom at least one all-zero bit plane associated with at least one
block of the enhancement layer video data; and

inserting the at least one all-zero bit plane into the enhancement layer video
data.

27. The computer-executable process steps stored on a computer-readable storage
medium (135) set forth in Claim 26 wherein the quantization parameter is associated with a
frame of the base layer video data.

28. The computer-executable process steps stored on a computer-readable storage
medium (135) set forth in Claim 27 including the further step of determining an upper

boundary of a quantization parameter associated with the at least one block.

29. The computer-executable process steps stored on a computer-readable storage
medium (135) set forth in Claim 26 including the further step of receiving a weighting matrix
associated with the base-layer video data and determining the at least one all-zero bit plane as

a function of the quantization parameter and the weighting matrix.

30. The computer-executable process steps stored on a computer-readable storage
medium (135) set forth in Claim 26 including the further steps of determining a second all-
zero bit plane associated with the at least one block of the enhancement layer video data,
based on an upper bound of the at least one block and a value of at least one previously
received bit plane associated with the at least one block; and inserting the second all-zero bit

plane into the enhancement layer video data.

31. A video system (130) comprising:
a television receiver comprising:
a decoder buffer (132) capable of receiving and storing compressed
base layer video data and compressed enhancement layer video data; and
a video decoder (134) coupled to said decoder buffer (132)
comprising:
base layer circuitry (310) capable of receiving said

compressed base layer video data;
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enhancement layer circuitry (350) capable of receiving said
enhancement layer video data associated with said compressed base layer video data; and

a controller (352) associated with said enhancement layer
circuitry (350) capable of receiving a quantization parameter associated with said compressed
base layer video data and predicting therefrom at least one all-zero bit plane associated with
at least one block of said enhancement layer video data, wherein said controller (352) is
capable of inserting said at least one all-zero bit plane into said enhancement layer video
data; and

a video display (136) coupled to said television receiver for displaying video

images derived from said base layer video data and said enhancement layer video data

containing said inserted all-zero bit plane.

32. The video system (130) set forth in Claim 31 wherein said quantization

parameter is associated with a frame of said base layer video data.

33. The video system (130) set forth in Claim 32 wherein said controller (352)
determines an upper boundary of a quantization parameter-associated with said at least one
block.

34, The video system (130) set forth in Claim 31 wherein said controller (352) is
further capable of receiving a weighting matrix associated with said base-layer video data
and determining said at least one all-zero bit plane as a function of said quantization

parameter and said weighting matrix.

3s. The video system (130) set forth in Claim 31 wherein said controller (352) is
capable of determining a second all-zero bit plane associated with said at least one block of
said enhancement layer video data, based on an upper bound of said at least one block and a
value of at least one previously received bit plane associated with said at least one block,
wherein said controller (352) is capable of inserting said second all-zero bit plane into said

enhancement layer video data.

36. A transmittable enhancement layer video signal produced by the steps of:
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receiving in base layer circuitry (210) of a video encoder (114) an input stream
of video frames and generating therefrom compressed base layer video data suitable for
transmission to a streaming video receiver (130);
receiving in enhancement layer circuitry (250) of the video encoder (114) the
input stream of video frames and a decoded version of the compressed base layer video data
and generating therefrom enhancement layer video data associated with the compressed base
layer video data and suitable for transmission to the streaming video receiver (130);
compressing the enhancement layer video data by:
identifying a quantization parameter associated with the base layer
video data;
determining from the quantization parameter at least one all-zero bit
plane associated with at least one block of the enhancement la.yer video data; and
suppressing transmission of the at least one all-zero bit plane when
the enhancement layer video data is transmitted to the streaming video receiver (130).

37. The transmittable enhancement layer video signal set forth in Claim 36

wherein the quantization parameter is associated with a frame of the base layer video data.

38. The transmittable enhancement layer video signal set forth in Claim 37
including the further step of determining an upper boundary of a quantization parameter

associated with the at least one block.

39. The transmittable enhancement layer video signal set forth in Claim 36
including the further steps of identifying a weighting matrix associated with the base-layer
video data and determining the at least one all-zero bit plane as a function of the quantization

parameter and the weighting matrix.

40. The transmittable enhancement layer video signal set forth in Claim 36 further
comprising the steps of:

determining a second all-zero bit plane associated with the at least one block
of the enhancement layer video data, based on an upper bound of the at least one block and a
value of at least one previously transmitted bit plane associated with the at least one block;

and
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suppressing transmission of the second all-zero bit plane when the
enhancement layer video data is transmitted to the streaming video receiver (130).

41. A network system comprising:
a plurality of streaming video receivers (130);
a streaming video transmitter (110) comprising;:
a video encoder (114) comprising:

base layer circuitry (210) capable of receiving an input
stream of video frames from a video content source (112) and generating therefrom
compressed base layer video data suitable for transmission to said plurality of streaming
video receivers (130);

enhancement layer circuitry (250) capable of receiving said
input stream of video frames and a locally decoded version of said compressed base layer
video data and generating therefrom enhancement layer video data associated with said
compressed base layer video data and suitable for transmission to said plurality of streaming
video receivers (130); and

a controller (256) associated with said enhancement layer
circuitry (250) capable of receiving a quantization parameter associated with said base layer
video data and determining therefrom at least one all-zero bit plane associated with at least
one block of said enhancement layer video data, wherein said controller (256) is capable of
causing said enhancement layer circuitry (250) not to transmit said at least one all-zero bit
plane to said plurality of streaming video receivers (130); and

a variable bandwidth network (120) capable of transporting said base

layer video data and said enhancement layer video data from said streaming video transmitter
(110) to said plurality of streaming video receivers (130).

42, The network system set forth in Claim 41 wherein said quantization parameter

is associated with a frame of said base layer video data.

43. The network system set forth in Claim 42 wherein said controller (256)
determines an upper boundary of a quantization parameter associated with said at least one
block.
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Abstract of JP 11004449 (A)

PROBLEM TO BE SOLVED: To compress an image
by predicting a quantization error, so as to reduce
image deterioration due to quantization and inverse
quantization. SOLUTION: A DCT processing circuit
12 applies discrete cosine transformation(DCT) to
image data of m&times n number of block, that is, a
luminance signal and color difference signals Cb, Cr
for converting the data into a DCT transform
coefficient. A quantization table generator 25 is
provided with a quantization error predict section 22 e e
and a quantization table generating section 24. The B % ' .
quantization error prediction section 22 tentatively S : .
stores the DCT transform coefficient to apply
quantization error prediction to the coefficient.;
Based on the quantization error prediction resuit by
the quantization error prediction section 22, the
quantization table calculation section 24 generates
quantization tables Qya, Qca and provides outputs
of them to a memory 26. A quantization processing
circuit 14 reads the quantization tables Qya, Qca
from the memory 26 and conducts quantization by
using the quantization tables Qya, Qyca.
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US.A. Ouf Ref.: PM04-20965PCT
Re: Nokia Corporation
Korean Patent Application No. 2004-7017070
(International Application No.PCT/IB03/01528)
Dear Mr. Lao:

We have received an Office action (Non-Final Rejection) from the Korean
Intellectual Property Office (KIPO) with respect to the above-identified application.

A

copy of the Office action, English translation thereof and the cited reference are enclosed
for your review.
of the term to respond must be filed by January 16, 2010. The due date for filing a
response may be extended for a period of one or more months by filing a request for an
extension of the time period for reply. Such a request must be filed by the due date for
filing a response and the due date for filing a response can only be extended for a
maximum period of four months from the initial due date.

present application.
claims.

Grounds of Rejection.

Either a full response to the Office action or a request for an extension

Claims 1, 7, 9, 13-15, 19, 20, 22-28, 31, 32 and 34-36 are currently pending in the

We also enclose herewith an English translation of the pending
In the outstanding Office action, all claims are rejected as being unpatentable in
view of the prior art of record. We provide below, the Examiner’s grounds of rejection
and our comments thereon.

The present application is not in condition for

allowance because claims 1, 7, 9, 13-15, 19, 20, 22-28, 31, 32 and 34-36 are rejected
under Article 29, Paragraph 2 of the Korean Patent Law as being obvious to one of

ordinary skill in the art in view of the prior art of record before the filing of the present.



Ware, Freésola, Van Der Sluys & Adolphson LLP
December 4, 2009
Page 2

Claims 1, 7,9, 13-15, 19, 20, 22-28, 31, 32 and 34-36 are rejected on the grounds
that the claims would have been obvious over the cited reference (WO 1995/27336,
published on October 12, 1995). We enclose herewith a copy of the cited reference
without our detailed comments in order to comply with the Nokia Communication
Guidelines for External Associates. Please review the cited reference and provide us
with an explanation on how to distinguish the claimed inventions from the cited reference
in terms of the objectives, technical features, and effects thereof, so as to clearly
demonstrate the inventive step of the claimed invention.

Conclusion

We would like you to review our comments and provide us with your instructions
and comments at least two weeks before the due date of January 16, 2010, so that we
may have sufficient time to prepare a response. In the absence of your instructions by
the due date, we will submit a request for a one-month extension of the term for filing a
response to maintain pendency of this application.

Sincerely yours,

YP. LEE, MOCK & PARTNERS

C el

Jehyun KIM

JHK/JHR/jc

Enclosures: 1. Pending Claims
2. Translation of Non-Final Rejection
3. Copy of Non-Final Rejection
4. Cited Reference



[translation]
Korean Intellectual Property Office

NON-FINAL REJECTION

Applicant
Name: Nokia Corporation (Applicant Code: 520000368439)
Address: Keilalahdentie 4, FIN-02150 Espoo, Finland
Attorney
Name: Y.P. Lee, Mock & Partners
Address: Koryo Building, 1575-1 Seocho-dong, Seocho-gu, Seoul

" Republic of Korea 137-875
Designated Attorney: Youngpil LEE et al.

Inventor: LAINEMA, Jani

Application No.: 10-2004-7017070

Title: Method and Device for Indicating Quantizer Parameters in a
Video Coding System

Applicant is hereby notified pursuant to Article 63 of the Korean Patent Law that
this application is rejected on the following grounds. Any comments/arguments along
with any amendments that the applicant may wish to submit in response to this rejection
must be filed by January 16, 2010. The due date for filing a response may be extended
for a period of one or more months by filing a request for an extension of the time period
for reply. Such a request must include an appropriate fee and should be filed by the due
date for filing a response. More than one such request may be filed, but the due date for
filing a response can only be extended for a maximum period of four months from the
initial due date. If it is necessary to extend the time period for reply by more than four
months, a reasonable explanation of such a need must be submitted along with the request.

[EXAMINATION RESULTS]
u] Examined claims: Claims 1, 7,9, 13, 14, 15, 19, 20, 22, 23, 24, 25, 26, 27,
28, 31, 32, 34, 35, and 36
o Rejected parts of the present application and related articles of the Korean
Patent Law
Number Rejected Parts Related Articles

1 Clams 1, 7, 9, 13, 14, | Article 29, Paragraph 2 of the Korean
15, 19, 20, 22-28, 31, 32, | Patent Law
and 34-36




[GROUNDS OF REJECTION]

1. The present application is not in condition for allowance because claims 1, 7, 9,
13, 14, 15, 19, 20, 22-28, 31, 32, and 34-36 are rejected under Article 29, Paragraph 2 of
the Korean Patent Law as being obvious to one of ordinary skill in the art in view of the
prior art of record before the filing of the present application on the grounds as
particularly stated below.

(1) Claim 1 of the present application is directed to:

a method of encoding a digital video sequence, the method comprising;:

(a) defining a default level of quantization for use in encoding of the digital video
sequence;

(b) encoding a frame of the digital video sequence by applying motion
compensated prediction to blocks of pixels for producing corresponding blocks of
prediction error values;

(c) applying a transform coding technique to said blocks of prediction error
values to produce sets of transform coefficient values;

(d) selecting a level of quantization based on the default level of quantization;

(e) quantizing the sets of transform coefficient values based on the selected level
of quantization; and

(f) providing an indication of the default level of quantization to the encoded
video sequence. oloo r,c,ﬂ\)&,.a ar LS 5'835 030

Meanwhile, International Patent Publication o W01995/27336 (published on
October 12, 1995; referred hereinafter as a cited referenceyrs

an audio signal encoding method for encoding an mput 51gna1 the method
comprising the steps of:

(a’) transforming the input signal into spectrum signals;

(b’) quantizing the spectrum signals by every unit;

(¢’) encoding at least a portion of the quantized spectrum signals by using one or
more predetermined code tables;

(d’) determining the extent of application of the selected code table to the
quantized spectrum signals based on a predetermined criteria; and

(¢”) adding application status indicating the selected code table and the extent of
application of the code table to the encoded spectrum signals of every predetermined data
unit.

Here, the step (d) of claim 1 of the present application corresponds to the step (d”)
of the cited reference,

the step (e) of the claim 1 of the present application corresponds to the step (d”) of
the cited reference, and

the step (f) of the claim 1 of the present application corresponds to the step (e’) of
the cited reference.

Although the steps (a), (b), and (c) of claim 1 of the present application are not
recited in the cited reference, the detailed description of the cited reference defines steps
prior to the steps above, the steps including blocking every samples of time series sample



data, obtaining spectrum data by implementing MDCT, and calculating normalization
coefficients for each of units and normalizing spectrums. Here,

the step (a) of claim 1 of the present application corresponds to the normalization
in the cited reference, and

the steps (b) and (c) of the claim 1 of the present application correspond to the
implementation of MDCT in the cited reference.

Accordingly, the differences between the technical features recited in claim 1 of
the present application and the technical features disclosed in the cited reference are no
more than simple modifications of each other. Therefore, it would have been obvious to
one of ordinary skill in the art to invent the technical features recited in claim 1 in view of .
the cited reference.

)] Claims 7, 9, 13, and 14 of the present application are dependent claims which add
or further limits claim 1 of the present application to update the default level of
quantization during the encoding of the digital video sequence and provide to a decoding
process an indication of a difference between said level of quantization and the default
level of quantization.

Meanwhile, according to the cited reference, a normalization level and a
quantizing table during the encoding operation are adaptively changed and applied and
table ID, and normalization coefficient used by each of units are provided by the units.
Accordingly, claims 7, 9, 13, and 14 of the present application and the cited reference
correspond to each other, and thus i1t would have been obvious to one of ordinary skill in
the art to invent the technical features recited in claims 7, 9, 13, and 14 of the present
application in view of the cited reference.

3) A video encoder recited in claims 15, 19, 20, and 22-25 of the present application
is an apparatus corresponding to the encoding method recited in claims 1, 7, 9, 13, and 14
of the present application, and the technical features of claims 15, 19, 20, and 22-25 of the
present application and the technical features of claims 1, 7, 9, 13, and 14 of the present
application are materially the same. Therefore, the correspondences of the technical
features of the claims 15, 19, 20, and 22-25 of the present application to the technical
features of the cited reference are the same as described above in (1) and (2).

“ The technical features of claims 26 and 27 of the present application are
applications of the video encoder recited in claim 15 of the present application to a
multimedia terminal and a radio telecommunication device. Although the technical
features of claims 26 and 27 of the present application are not clearly stated in the cited
reference, application of video encoded signals and an encoder device to a multimedia
terminal and a portable device are no more than a simple application of known techniques,
and thus it would have been obvious to one of ordinary skill in the art to invent the
technical features recited in claims 26 and 27 of the present application in view of the
cited reference.

(5) A method of decoding an encoded digital video sequence recited in claims 28 and
31 of the present application is a method of decoding the ‘method of encoding a video
sequence’ recited in claims 1 and 9 of the present application. Since encoding and
decoding complement each other in video compression, and it would have been obvious
to one of ordinary skill in the art that decoding is required after encoding in motion



picture transmission system. Therefore, the technical features recited in claims 29 and
31 of the present application are actually inversed configuration of the technical features
recited in claims 1 and 9 of the present application, and correspondences of the technical
features of claims 29 and 31 of the present application to the technical features of the
cited reference are the same as described above 1n (1) and (2).

©) A video decoder recited in claims 32 and 34 of the present application is a device
for decoding the ‘method of encoding a video sequence’ recited in claims 1 and 9 of the
present application. Since encoding and decoding complement each other in video
compression, and it is obvious to one of ordinary skill in the art that decoding is required
after encoding in motion picture transmission system. Therefore, the technical features
recited in claims 32 and 34 of the present application are actually inversed configuration
of the technical features recited in claims 1 and 9 of the present application, and the
correspondences of the technical features of claims 32 and 34 of the present application to
the technical features of the cited reference are the same as described above 1n (1) and (2).

@) The Technical features of claims 35 and 36 of the present application are
applications of the video decoder recited in claim 32 of the present application to a
multimedia terminal and a radio telecommunication device. Although the technical
features of claims 35 and 36 of the present application are not clearly stated in the cited
reference, application of video encoded signals and an encoder device to a multimedia
terminal and a portable device are no more than a simple application of known techniques,
and thus it would have been obvious to one of ordinary skill in the art to invent the
technical features recited in claims 35 and 36 of the present application in view of the
cited reference.

Enclosure: 1. International Patent Publication No. W01995/27336 (October 12, 1995)

November 16, 2009
KOREAN INTELLECTUAL PROPERTY OFFICE

Information and Communications Examinations Bureau
Digital Broadcasting Examination Division

Examiner: Wooyeon CHO
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(571 ABSTRACT

An apparatus for encoding data includes adaptive bit allo-
cation encoding circuitry that normalizes frames of input
spectrum data into transform frames in accordance with
normalization coefficients and number of quantization step
information. Quantized data encoding circuitry encodes
each transform frame of normalized spectrum data with at
least one selected code table of a plurality of code tables in
accordance with a code table selection signal. Code train
generation circuitry generates a code train that includes the
encoded normalized spectrum data and information indica-
tive of the at least one selected code table and of the
normalization coefficients and number of quantization step
information in accordance with which the encoding circuitry
normalizes each frame of input spectrum data. Control
circuitry generates the code table selection signal, the num-
ber of quantization step information, and the normalization
coeflicients in response to the input spectrum data.

19 Claims, 12 Drawing Sheets
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Time-series sampled data of the input signal are grouped (SO1); the data are converted into spectrum data by
MDCT (SO2); in oxdc::tnop divide the spectrum data into units, a code table is selected for every unit (SO6); the spectrum
data are encoded by quantization using the code tables (SO8); and the encoded spectrum data, the identification signals
of the code tables, the normalization coefficients and the number of steps of quantization are outputted (SO9). It is
also possible to select a code table for every frame. Thus, the hardware scale of the encoder can be effectively reduced
and the encoding efficiency of the encoder can be effectively improved.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Re: Application of: Jani Lainema. Attorney Docket: 944-001.107-2
Serial No.: 11/881,367 Group Art Unit: 2621
Filed: July 26,2007 Examiner: to be assigned

For: METHOD AND DEVICE FOR INDICATING QUANTIZER PARAMETERS IN A
VIDEO CODING SYSTEM

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

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT
Sir: .

Applicant submits herewith references of which they are aware, ;v?lich they believe may
be material to the examination of this application and in respect of vs:hich they may have a duty to
disclose in accordance with 37 C.F.R. 1.56.

This Supplemental Information Disclosure Statement is timely since it is certified by the
undersigned that each item of information contained in the Supplemental Information Disclosure
Statement was first cited in any communication from a foreign patent office (copy enclosed) in a
counterpart foreign application not more than three months prior to the filing of this
Supplemental Information Disclosure Statement per 37 C.F.R. 1.97(c) and 37 C.F.R. 1.97 (e)(1),
therefore, the undersigned respectfully submits that no fee is due. The Commissioner is hereby
authorized to charge to Deposit Account 23-0442 any fee deficiency required to submit this
Supplemental Information Disclosure Statement.

1 hereby certify that this correspondence is being deposited today
with the United States Postal Service as first class mail in an envelope
addressed to Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450

MILEANI . Qpnuuany, (5,201°
Marle E. Forte U ﬂ ﬂDate !

\E



Serial No. 11/881,367
Atty. Docket No. 944-001.107-2

The references are listed in the enclosed foreign search report dated November 16, 2010.

A PTO 1449 listing the cited references is also enclosed.

Respectfully submitted,

W Fao

Kenneth Q. Lao
Registration No. 40,061
Date: January |3 , 2010

WARE, FRESSOLA, VAN DER SLUYS
& ADOLPHSON LLP

Bradford Green, Building 5

755 Main Street, PO Box 224

Monroe, CT 06468

(203) 261-1234
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Application No. Applicant(s)

11/881,367 LAINEMA, JANI
Office Action Summary Examiner Art Unit

Gims S. Philippe 2482

-- 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)X] Responsive to communication(s) filed on 26 July 2007.
2a)[] This action is FINAL. 2b)X] This action is non-final.
3)] 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

4 Claim(s) 4-14,17-27 and 37 is/are pending in the application.
4a) Of the above claim(s) is/are withdrawn from consideration.
5] Claim(s)_____is/are allowed.
6)X] Claim(s) 4-14, 17-27, 37 is/are rejected.
7)] Claim(s) _____is/are objected to.
8)[] Claim(s) _____ are subject to restriction and/or election requirement.

Application Papers

9)[] The specification is objected to by the Examiner.
10)[] The drawing(s) filed on isfare: a)[_] 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).
11)[] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

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).
a)LJAIl b)[]Some * ¢)[] None of:
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)).
* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)

1) IZ Notice of References Cited (PTO-892) 4) |:| Interview Summary (PTO-413)

2) ] Notice of Draftsperson’s Patent Drawing Review (PTO-948) Paper No(s)/Mail Date. __

3) [X] Information Disclosure Statement(s) (PTO/SB/08) 5) [ Notice of Informal Patent Application
Paper No(s)/Mail Date See Continuation Sheet. 6) D Other: _____

U.S. Patent and Trademark Office
PTOL-326 (Rev. 08-06) Office Action Summary Part of Paper No./Mail Date 20101120



Continuation Sheet (PTOL-326) Application No. 11/881,367

Continuation of Attachment(s) 3). Information Disclosure Statement(s) (PTO/SB/08), Paper No(s)/Mail Date :07/26/07,
06/16/08, 05/11/09, 01/20/10.
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Art Unit: 2482

DETAILED ACTION
1. This is a first office action in response to application no. 11/881,367 filed on July

26, 2007 in which claims 4-14, 17-27 and 37 are presented for examination.

Double Patenting

2. The nonstatutory double patenting rejection is based on a judicially created
doctrine grounded in public policy (a policy reflected in the statute) so as to prevent the
unjustified or improper timewise extension of the “right to exclude” granted by a patent
and to prevent possible harassment by multiple assignees. A nonstatutory
obviousness-type double patenting rejection is appropriate where the conflicting claims
are not identical, but at least one examined application claim is not patentably distinct
from the reference claim(s) because the examined application claim is either anticipated
by, or would have been obvious over, the reference claim(s). See, e.g., In re Berg, 140
F.3d 1428, 46 USPQ2d 1226 (Fed. Cir. 1998); In re Goodman, 11 F.3d 1046, 29
USPQ2d 2010 (Fed. Cir. 1993); In re Longi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir.
1985); In re Van Ornum, 686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel, 422
F.2d 438, 164 USPQ 619 (CCPA 1970); and /n re Thorington, 418 F.2d 528, 163 USPQ
644 (CCPA 1969).

A timely filed terminal disclaimer in compliance with 37 CFR 1.321(c) or 1.321(d)
may be used to overcome an actual or provisional rejection based on a nonstatutory
double patenting ground provided the conflicting application or patent either is shown to
be commonly owned with this application, or claims an invention made as a result of
activities undertaken within the scope of a joint research agreement.

Effective January 1, 1994, a registered attorney or agent of record may sign a
terminal disclaimer. A terminal disclaimer signed by the assignee must fully comply with
37 CFR 3.73(b).

3. Claims 4-14, 17-27 and 37 are rejected on the ground of nonstatutory
obviousness-type double patenting as being unpatentable over claims 1-10 of U.S.

Patent no. 7,263,125 to Lainema. Although the conflicting claims are not identical, they



Application/Control Number: 11/881,367 Page 3
Art Unit: 2482

are not patentably distinct from each other because the limitations of the present patent
application are somewhat similar to the cited Patent no.

Therefore, it is considered obvious that one skilled in the art at the time of the
invention would recognize the advantage of modifying the method of encoding digital
video sequence of the present Patent Application by incorporating the teachings of
Lainema US Patent no. 7,263, 125 for the same purpose of indicating quantization
parameter related information by introducing a sequence level quantization parameter in
order to allow the encoder application to decide a video sequence dependent reference
QP(Quantization Parameter) to be used in coding of the picture/slice QPs as taught by

Lainema (See Lainema col. 11, lines 36-40).

NOTE: The applicant is urged to review all co-pending applications with claims
similar to those of the present application in order avoid the delays of a Terminal
Disclaimer. It is the applicant’s duty to disclose any evidence pertaining to the

patentability of all applications submitted before the office.

4, The prior art made of record and not relied upon is considered pertinent to

applicant's disclosure.

Inoue (US Patent no. 5237410) teaches video signal encoding apparatus utilizing

control of quantization step size for improved picture quality.
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Lin et al. (US Patent Application Publication no. 2003/0152146 A1) teaches motion

compensation loop with filtering.

Kerofsky et al. (US Patent no. 6677868) teaches entropy coding with adaptive syntax to

replace high probability symbols with lower probabilities symbols.

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Gims S. Philippe whose telephone number is (571) 272-
7336. The examiner can normally be reached on M-F (10:30-7:00).

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Banks-Harold Marsha can be reached on (571) 272-7905. The fax phone
number for the organization where this application or proceeding is assigned is 571-
273-8300.

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

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.



Application/Control Number: 11/881,367 Page 5
Art Unit: 2482

Gims S Philippe
Primary Examiner
Art Unit 2482

/IG.S.P./
/Gims S Philippe/
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Re: Application of: Jani Lainema Attorney Docket: 944-001.107-2
Serial No.: to be assigned Group Art Unit: to be assigned
Filed: herewith Examiner: to be assigned

For: METHOD AND DEVICE FOR INDICATING QUANTIZER PARAMETERS
IN A VIDEO CODING SYSTEM

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

INFORMATION DISCLOSURE STATEMENT
Sir:

Applicant submits herewith references of which they are aware, which they believe may
be material to the examination of this application and in respect of which they may have a duty to
disclose in accordance with 37 CFR 1.56.

While this Information Disclosure Statement may be “material” pursuant to 37 CFR 1.56,
it is not intended to constitute an admission that any document referred to herein is “prior art”‘for
this invention unless specifically designated as such.

In accordance with 37 CFR 1.97(g), the filing of this Information Disclosure Statement
shall not be construed to mean that a search has been made or that no other material information

as defined under 37 CFR 1.56(a) exists.

I hereby certify that this correspondence is being
deposited with the United States Postal Service
"Express Mail Post Office to Addressee" service
under 37 C.F.R. 1.10, Express Mail Label No.
EV914764379US, on the date indicated below
and is addressed to Commissioner for Patents,
P.O. Box 1450, Alexandria, VA 22313-1450.

QEJ/C/ZJYA— .25 03

y Sturmer } Date

(IDS Transmittal - Page 1 of 2)
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A PTO-1449 with cited reference is also enclosed.

This IDS is being submitted prior to receipt of a first Official Action in this matter;
therefore, the undersigned respectfully submits that no fee is due for filing this IDS. Should any
fees be due of which the undersigned is unaware, the Commissioner is hereby authorized to

charge deposit account 23-0442 any fee deficiency required to submit this IDS.

Respectfully submitted,

[ Lo

Kenneth Q. Lao

_ Registration No. 40,061
Date: M 25 1wl

I
WARE, FRESSOLA, VAN DER SLUYS
& ADOLPHSON LLP
Bradford Green, Building 5
755 Main Street, PO Box 224
Monroe, CT 06468
(203) 261-1234
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Filed: July 26, 2007
For: METHOD AND DEVICE FOR INDICATING QUANTIZER PARAMETERS IN A VIDEO CODING SYSTEM

The owner*, Nokia Corporation , of 100 percent interest in the instant application hereby disclaims,
except as provided below, the terminal part of the statutory term of any patent granted on the instant apphcat!on which would extend beyond
the expiration date of the full statutory term prior patent No. 7,263,125 as the term of said prior patent is defined in 35 U.S.C. 154
and 173, and as the term of said prior patent is presently shortened by any terminal disclaimer. The owner hereby agrees that any patent so
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expires for failure to pay a maintenance fee;

is held unenforceable;

is found invalid by a court of competent jurisdiction;

is statutorily disclaimed in whole or terminally disclaimed under 37 CFR 1.321;

has all claims canceled by a reexamination certificate;

is reissued; or

is in any manner terminated prior to the expiration of its full statutory term as presently shortened by any terminal disclaimer.

Check either box 1 or 2 below, if appropriate.

1. D For submissions on behalf of a business/organization (e.g., corporation, partnership, university, government agency,
etc.), the undersigned is empowered to act on behalf of the business/organization.

| hereby declare that all statements ma de herein of my own knowledge are true and that all statements made on in formation and
belief are belie ved to be true; a nd further that th ese statements were made with the knowledge that willful false s tatements and the like so
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2. The undersigned is an attorney or agent of record. Reg. No._40,061
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Telephone Number

Terminal disclaimer fee under 37 CFR 1.20(d) included.

WARNING: Information on this form may become public. Credit card information should not
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*Statement under 37 CFR 3.73(b) is required if terminal disclaimer is signed by the assignee (owner).
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METHOD AND APPARATUS FOR PROVIDING
RATE CONTROL IN A VIDEO ENCODER

This application claims priority from U.S.
provisional application no. 60/102,800 filed
October 2, 1998.

BACKGROUND OF THE INVENTION

The present invention relates to video processing,
and more particularly to a method and apparatus for
controlling the rate of data production by multiple
encoding engines provided to compress video in a
television encoder, such as a digital high definition
television (HDTV) or standard definition television
(SDTV) encoder.

The following references are relevant to this
disclosure:

1. Advanced Television Systems Committee (ATSC)

A53 Standard entitled "ATSC Digital Television
Standard."”

2. ATSC A54 Standard entitled "Guide to the use

of ATSC Digital Television Standard."

3. TISO/IEC 13818-2 "Generic Coding of Moving

Pictures and Associated Audio: Video" (MPEG2).
4. 1ISO/IEC JTC1/SC29/WG11/MPEG93/457 "MPEG2 Test
Model 5."

5. "Rate Control for the Grand Alliance Prototype
Encoder," Siu-Wai Wu, memo distributed to the
Grand Alliance Video Compression Specialist

Group, November 1994.
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Rate control is an essential part of a video
encoder. In an HDTV encoder, the picture is processed
using multiple encoding engines for data compression.
These multiple encoding engines operate on the picture
simultaneously, but share a common data buffer. Thus,
the rate at which data is produced by the multiple
engines must be carefully requlated in order to prevent
buffer overflow, buffer underflow, and other
problematic conditions.

In the past, rate control algorithms have been
proposed ‘for use in conjunction with a single video
compressor. See, e.g., "MPEG2 Test Model 5" referred to
above. 1In the approach adopted by the Grand Alliance
for encoding HDTV, the parallel encoding engines are
synchronized at the video slice instead of frame level;
thus, the rate control can be treated as if only a
single compressor were provided. None of the prior art
schemes provide a robust solution to the problem of
regulating the rate of data production by a plurality
of compressors, in order to control the quantization of
a digital video encoder that uses parallel compression
engines. )

It would be advantageous to provide an efficient
rate control algorithm to regulate the rate of data
production by multiple encoding engines to optimize
video quality. It would be further advantageous to
implement such an algorithm in the video encoder's
existing controller microprocessor. The present
invention provides a method and apparatus enjoying
these and other advantages.
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SUMMARY OF THE INVENTION

In accordance with the present invention, rate
control is provided in a video encoder having multiple
compression engines that process a picture
simultaneously and share a common buffer. Nonlinear
feedback is used to force a quantizer scale at the last
slice of an image panel to be approximately the same as
the quantizer scale at the first slice of the image
panel. This avoids visible artifacts caused by abrupt
changes in the guantizer scale at the panel boundaries.

A target bit rate for a group of pictures (GOP) 1is
adjusted based on the number of film pictures and non-
film pictures currently in the processing pipeline of
the compression engines. since non-film processing in
general requires a higher target bit rate, this
adjustment allows the rate control algorithm to adapt
when the video switches from film to non-film or vice
versa.

The buffer level is used to control the start of a
new GOP. If there is not sufficient space in the
puffer to accommodate the intra-coded (I) frame, the
start of a new GOP is delayed.

More particularly, methods and apparatus are
provided for controlling the guantization in a digital
video encoder that comprises a plurality of parallel
compression engines. A target guantization level is
determined for a video frame. The target quantization
jevel is applied to the first slice of every video
image panel of a plurality of panels representing the

video frame and being processed in parallel by the
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video encoder. The quantization level is driven toward
the target quantization level at the last slice of each
of the image panels.

The driving step can use, for example, piecewise
linear feedback to drive the quantization level of the
last slice of each of the image panels toward the
target quantization level. The feedback can compensate
for variations in the quantization level between the
first and last slice of each image panel.

A group of pictures (GOP) target bit rate can be
adjusted based on a number of film pictures and non-
film pictures currently in a processing pipeline of at
least one of the compression engines. A higher target
pbit rate can be provided for non-film pictures.

A buffer level of the video encoder can be used to
control the start of a new group of pictures (GOP).

The start of a new GOP is delayed if there is not
sufficient space in the buffer to accommodate an intra-
coded (I) frame for the new GOP.

Every input picture can be partitioned into a
fixed number of horizontal panels, wherein each of the
panels is compressed by a separate compression engine.
The panels can be simultaneously compressed during a
frame time. The compressed panel data are stored
locally at the compression engines for subsequent
transfer to a video buffer of the video encoder within
a next frame time. In order to form a transport
packet, data are retrieved from the buffer at an
average rate equal to a specified video bit rate
whenever the buffer has at jeast one transport packet
payload's worth of data. Null packets are substituted

PCT/US99/22663
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for video packets to maintain a constant transport bit
rate whenever the buffer level falls below one
transport packet payload's worth of data.

A reference quantizer scale is calculated for each
of the compression engines. The reference quantizer
scale is calculated based on an accumulation of
quantizer scale values for the compression engine
(PanelSumQuant), an accumulation of the number of bits
generated on that compression engine (PanelBitCount);
an accumulation of the number of macroblocks processed
on that compression engine (PanelMbCount); and a
fullness level of a video buffer of the video encoder
(VideoBufferLevel). The compression engine modifies its
reference quantizer scale based on a local buffer
fullness to generate a final quantizer scale value for
use in quantization. A panic mode can be initiated by
the compression engine if the final quantizer scale
value is higher than a predetermined maximum value.

The panic mode forces all or part of the DCT
coefficient to take on a zero value.

A method is also provided for controlling the rate
at which data is processed by a digital video encoder
using a plurality.of parallel compression engines to
compress successive macroblocks of video data. Frame
level rate control is proVided for successive video
frames in accordance with a picture start interrupt
service routine once per coded picture. Macroblock
level rate control is provided in accordance with a
rate control interrupt service routine a plurality of

times per coded picture.
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The picture start interrupt routine updates frame
level statistical variables by processing data
collected from a prior coded frame. A target bit rate
is calculated for a new group of pictures (GOP) if a
new frame to be processed comprises an intra-coded (I)
frame. For every frame to be encoded, upper and lower
limits are calculated for the number of bits that a new
frame is allowed to generate. A target number of bits
is computed for each frame and for each of a plurality
of panels into which each frame is divided. The target
number of bits can be computed by distributing the bits
in proportion to relative complexity values of the
video frames being processed. A frame target gquantizer
scale is calculated from the target number of bits
computed for a frame. The frame target quantizer scale
is provided to each of the plurality of compression
engines as an initial reference quantizer scale for use
in commencing coding of the video frame.

In a preferred embodiment, the compression engines
can force some of the Discrete Cosine Transform (DCT)
coefficients of the video frame macroblocks to zero, if
the reference quantizer scale is too high to maintain
the number of bits that the new frame is allowed to
generate within the applicable upper limit.

The rate control interrupt service routine
provides interrupts which initiate a modulation of a
frame target guantizer scale. The modulation can be
pased on feedback to attempt to bring the actual number
of bits for each of the video frame panels to the

corresponding target number of bits for the panel.

PCT/US99/22663
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BRIEF DESCRIPTION OF THE DRAWING

Figure 1 is a block diagram illustrating an HDTV
encoder with which the present invention may be

utilized.
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DETAILED DESCRIPTION OF THE INVENTION

The present invention provides a method and
apparatus for rate control in a digital video encoder that
uses multiple compression engines running in parallel. In
accordance with a preferred embodiment of the invention as
illustrated in Figure 1, every input picture is
partitioned into eight horizontal panels by an HDTV panel
splitter 10. Each panel is then compressed by an
individual video panel compressor 12, for example, the
DvXpert chip available from C-Cube Microsystems of 1778
McCarthy Blvd., Milpitas, CA 95035, USA. It should be
appreciated that a different number of panels can be
utilized, and that the invention can be implemented on
video encoders other than the DvXpert encoder described

herein.

The panels into which the input pictures are
partitioned are simultaneously compressed during a frame
time. The compressed panel data are stored locally on the
panel compressor, and then transferred to the primary
video FIFO 16 ("video buffer") within the next frame time.
Whenever the video FIFO 16 has at least one transport
packet payload’s wbrth of data (184 bytes), the bits are
retrieved from the FIFO by a packet processor 18 at an
average rate equal to the user specified video bit rate
(bit_rate). The retrieved bits are used to form a
transport packet in accordance with the well known MPEG
(Motion Picture Experts Group) standard. Whenever the
FIFO level falls below 184 bytes, null packets will be

substituted for video packets to maintain a constant
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transport bit rate, effectively reducing the video bit
rate. As illustrated in Figure 1, packet processor 18
outputs the compressed bitstream.

The rate control function is mainly performed by a
master compression controller (MCC) 14. The MCC collects
the statistics (PanelSumQuant, PanelBitCount, and
PanelMbCount) from the panel compressors and the buffer
level from the video FIFO, and then calculates an 8 bit
reference quantizer scale (PanelQuant) for each panel
compressor. The panel compressor then modifies the
reference quantizer scale based on local activities and
local buffer fullness to generate the final quantizer
scale value to use for quantization. If the desired
quantizer scale is higher than the maximum supported by
the MPEG quantization table, the panel compressor may
apply a panic mode and force some of the DCT (Discrete

Cosine Transform) coefficients to zero.

A sync interrupt generator 20, which receives the
input HDTV video, generates a field sync interrupt to
the MCC at the beginning of every input field, and a
Rate-Control (RC) Sync interrupt periodically (e.g.,
every 1.67 ms for 1080I mode) within a field time. A
field sync 1nterrupt is quallfled as a picture start if
the panel compressors are ready to encode a new picture
at the current field time. Rate control by the MCC is
performed in two parts: (1) Frame level rate control is
carried out at the Picture Start interrupt service
routine once per coded picture; (2) Macroblock level
rate control is carried out at the RC interrupt service

routine up to 20 times per coded picture for 1080 line
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interlaced (1080I) mode (up to 10 times per coded
picture for 720 line progressive scan (720P) mode). On
average, only about eight RC interrupts are used to
regulate the quantization because the panel compressor
only uses a portion of the field time to carry out the
encoding process.

The goal of rate control is to maintain a
consistent video quality over time and over the
picture. A basic assumption of the rate control
algorithm is that the coding complexity of a particular
picture type is approximately constant from frame to
frame of a steady scene, and is measured by the product
of the average quantizer scale and the number of bits
generated over the frame (or a panel). The complexity
of the current frame is normally estimated from that of
the previous frame, except a when a scene change or
fade-in from black is detected, in which case the
complexity estimates are reset to some provisional
values.

At picture start interrupt, the MCC first updates
all frame level statistical variables by processing the
data collected from the last coded frame. A target bit
rate for the new GOP is calculated if the upcoming
frame is an intra-coded frame (I frame). The GOP
target bit rate calculation aims to bring the encoder
buffer to a consistently low level at the beginning of
every GOP so that there is enough room in the buffer to
accommodate the surge of bits produced by the new I
frame.

For every frame to be encoded, the MCC calculates
the upper and lower limits on the number of bits that
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the new frame is allowed to generate. These limits are
pbased on the constraint that neither the encoder buffer
nor the decoder buffer is allowed to overflow nor
underflow. The MCC also computes the target number of
bits to be generated for the frame and for each panel
by distributing the bits in proportion to the relative
complexity values. Then, a frame target guantizer
scale is calculated from the target frame bit rate.

The frame target quantizer scale is delivered to every
one of the multiple panel compressors as the initial
reference quantizer scale to start coding the frame.

At each Rate Control Sync interrupt, the MCC
modulates the frame target quantizer scale by a
feedback mechanism which tries to bring the panel bit
count to a value that equals the targets. If the
accumulated bit count is approaching the upper limit
that is calculated at the picture start, the modulated
quantizer scale is further increased to slow down the
production of bits. The resulting reference quantizer
scale value is then clipped to fit into an eight bit

integer value for delivery to every panel compressor.

Upon receiving the reference quantizer scale, the
panel compressor checks its local buffer level and
increases the reference quantizer scale if needed to
protect the buffer. The panel compressor may also
force some DCT coefficients to be zero if the reference
quantizer scale is too high. Then, adaptive
quantization is performed in a manner similar to the
MPEG Test Model 5 and the actual quantization scale is
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looked up from the Moving Picture Experts Group (MPEG)

quantization scale table.
The following sections detail the operation of the

rate control algorithm.
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1. List of variables
Name Default | Description
Value
BitRate User Elementary video bit rate (bits per second)
define
N User Nominal GOP Length
define
M User Temporal distance between consecutive I or P

define | frames

Nb N/A Nominal number of B frames in a GOP
Np N/A Nominal number of P frames in a GOP
FrameRate User Frame rate of the input video
define
PanelSumQuant[0..7] | N/A Accumulation of quantizer scale values on
each panel compressor

PanelBitCount(0...7] N/A Accumulation of number of bits generated on
each panel compressor

AvgQuant NA Average quantizer scale value of the frame just
coded

SumPanelBitCount N/A Total number of bits generated by all panel
compressors combined for the frame just
coded. In RC sync, this is the number of bits
generated so far for the frame.

K[IP,B} 0.75, Weighting of I, P and B frames
1.0,
0.75

X([LP,B] NA Estimate of the coding complexity
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StartupX[I,P,B] N/A Start up value of the coding complexity
estimate.

StartupQuant N/A Approximate minimum quantizer scale value
to use for startup or scene change or fade in.

HeaderBitCount N/A Number of bits in the picture and/or sequence
header(s) of the frame just encoded.

FrameBitCount N/A Total number of bits generated by the frame
just encoded.

VideoBufferLevel N/A Number of bits stored in the physical video
FIFO

EncoderBufferLevel N/A Total number of bits store in the encoder’s
buffers combined

BufferDelay N/A Total buffer delay of the encoder and decoder
combined.

TargetBufferLevel N/A Approximate level of encoder buffer at the
start of a new GOP

GopDuration N/A Estimate duration of the current GOP

PipelineSize N/A Number of frames in the encoder’s current
processing pipeline

PipelineRepeatFields | N/A Number of repeated fields (3:2 pulidown) in
the encoder’s current processing pipeline.

PictureDuration N/A Estimated duration of the current frame.

B 0.75 GOP feedback factor

Maxlitter 0.004 Maximum transport jitter in MPEG standard

second
FrameMaxDecoder N/A Maximum number of bits the current frame is

allowed to generate, as constrained by decoder
buffer.




WO 00/21302

PCT/US99/22663

15
FrameMaxEncoder N/A Maximum number of bits the current frame is
allowed to generate, as constrained by encoder
buffer.
VideoFifoSize 125829 | Size of encoder’s physical video FIFO
12 bits
FrameMaxBits N/A Maximum number of bits the current frame is
allowed to generate, as constrained by both
encoder and decoder.
InitialFrameTargetBits { N/A Target number of bits to be generated by the
current frame, without feedback.
FrameTargetBits N/A Target number of bits to be generated by the
current frame.
AllocationFactor[P,B] | N/A Ratio of bit allocation to P and B frames.
PictureFeedback N/A Feedback of surplus of deficit of bits at picture
level.
a NA Picture feedback factor
AccumulatedFrameTar | N/A Accumulation of frame target bits since the
getBits beginning of the current GOP
FrameMinTarget N/A Minimum number of bits to generate to
prevent the encoder video FIFO from
emptying,
MaxTarget [1,P,B] N/A - | Maximum allowable value of FrameTargetBits
MinTarget [I,P,B] N/A Minimum allowable value of FrameTargetBits
FrameQuant N/A Target quantizer value for the frame
MinFrameQuant 2 Smallest target quantizer value for the frame
LastFrameQuant N/A Target quantizer value of the last coded frame
of the same picture type
LastAvgQuant N/A Average of the actual quantizer scale of the last

coded frame of the same picture type.
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PartialFrameTargetBits | N/A Portion of the FrameTargetBits as scaled by
the number of macroblocks coded so far in the
frame.

PartialFrameMaxBits | N/A Portion of the FrameMaxBits as scaled by the
number of macroblocks coded so far in the
frame.

SumPanelMbCount N/A Number of macroblocks coded so far in the
frame by all the panel compressors combined

CurrentQuant N/A The modified quantizer scale value currently
being used.

MacroblocksPerFrame | N/A Number of macroblocks in a frame.

MaxRcQuant 144 Maximum quantizer scale value without
invoking panic mode.

MaxQuantNonIntraDC | N/A DC entry of the non intra quantization

Mul muliplication table for quantizer scale value of
112.

PanicNonIntraDCMul | N/A DC entry of the non intra panic table

PanicThreshold1, {75000 | Thresholds of FrameMaxBits for Panic mode.

PanicThreshold2, 0,

PanicThreshold3 500000,

150000
0} forP
and B
frames;
{15000
00,
100000
o,
300000
0} forl
frame

LocalBufferSize 345216 | Size of the panel compressor’s local buffer

0 bits
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LocalBufferLevel N/A Fuilness of the panel compressor’s local buffer
PanelQuant N/A Actual quantizer scale value used by the panel
compressor

2. Initialization

1) Set all parameters to default values according to Table
1 and Table 2.

2) The Packet Processor sends the data packet from the

5 video FIFO as soon as the first 184 bytes of the
compressed data packet are written into the FIFO.

3. Configuration

The rate control task receives the following
configuration parameters:

10 1. Elementary vidéo stream bit rate (BitRate).
2. Nominal GOP length (N).

3. Temporal distance between every pair of I/P frames
(M) .

4. Video Format (1920x1080I or 1440x1080I or

15 1280x720P) .

5. Video frame rate (29.97 Hz or 30 Hz or 59.94 Hz or
60 Hz).
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4. MCC Picture Start Interrupt

A) Update Complexity Estimate From The Last Coded Frame

First, the frame bit count and average quantizer
scales are calculated from the data read from the panel
compressors. The bit count used in the complexity
calculation is only for the slice layer bits. The bits
generated for the headers, which are generated by the
MCC, are not included.

AvgQuant = sum of PanelSumQuant over all 8 panels /
number of macroblocks per frame

SumPanelBitCount = sum of PanelBitCount over all 8

panels

These statistics are used to calculate the coding
complexity of the previous coded picture as:

AvgQuant * SumPanelBitCount

It is assumed that the coding complexity for a
particular picture type is relatively constant over a
steady scene content, so that the complexity of a frame
yet to be encoded may be estimated from the actual
coding complexity of the most recently coded frames of
the same picture type. Since I frames occur
infrequently, only the most recently coded I frame is
used as the complexity estimate (X[I)). As a
compromise between stability and response speed, four
most recently coded frames of the same picture type are
used to generate the complexity estimate for P and B
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frames. It should be appreciated that averaging more
frames provides a more stable complexity estimate but a
slower response time. Likewise, averaging fewer frames
provides a less stable complexity estimate but a faster
response time.

The rate control algorithm maintains a queue to store
the complexity values of the four most recently coded P
frames, and a queue to store the complexity values of
the four most recently coded B frames. The complexity
estimate for P (or B) frame, X[P]) (or X{[B]), is then
calculated as the average of the four complexity values
stored in the P (or B) complexity queue.

The complexity estimates for I, P and B frames are
used to calculate the target quantizer scale value and
the bit budget for upcoming frames to be encoded.
Details are described in the following sections.

Since the complexity estimates are computed from
statistics generated from encoding the past frames,
special handling is required at start up, scene change,
or fade to reset the complexity estimate when the
coding complexity from the past is not available or is
not reliable.

At startup, the I complexity estimate and the P and B
complexity queues are initialized to a set of default
startup complexity values (StartupX[I/P/B]). If the
current frame to be encoded is the first I or P frame
after fade-in from black or scene change, the I
complexity estimate and the values stored in the P and
B complexity queues are conditionally replaced by the
default startup value. Every stored value in the P and
B complexity queue and the I complexity, are compared
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with the startup complexity. The stored complexity is
replaced by the startup complexity if the stored
complexity is smaller.

If multiple scene changes occur within proximity to
each other (e.g. flashes, special effects, or a bad
edit), the complexity estimates are reset only once at
the first scene change. This is achieved by skipping
the reset if the complexity adjustment occurred in the
previous P frame.

The default startup complexities are moderate
complexity values calculated based on the assumption
that an I frame consumes approximately 4 times as many
bits as a P frame, and B frames consume approximately
20% fewer bits than P frames. This ratio of
4.0:1.0:0.8 is obtained from empirical observations.
Other values of I:P:B ratios are possible. Furthermore,
the startup complexities assume a provisional average
quantizer scale value (StartupQuant) which varies
linearly between 20 to 28 for bit rate values between
10 Mbps to 26 Mbps. This provisional average quantizer
value is clamped at 20 for bit rate values lower than
10 Mbps, and at 28 for bit rate values higher than 26
Mbps.

The startup complexity values for I, P, and B frames
are calculated as follows:

StartupX [I] = 4.0 * StartupQuant * N * (BitRate /
FrameRate) / (4.0 + 1.0*Np + 0.8*Nb)

StartupX [P] = 1.0 * StartupQuant * N * (BitRate /
FrameRate) / (4.0 + 1.0*Np + 0.8*Nb)
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StartupX [B] = 0.8 * StartupQuant * N * (BitRate /
FrameRate) / (4.0 + 1.0*Np + 0.8*Nb)

To accelerate the convergence of the P and B complexity
estimate to the new scene, a state machine is
implemented to handle the complexity update for the P
and B frames following the complexity reset.

1. For the initial I or P frame after scene change
(or fade-in from black), the complexity estimates are
set to the reset value before the frame is encoded.
After encoding the initial frame, the complexity
estimates are'updated using the new encoding complexity
(AvgQuant * SumPanelBitCount). If the initial frame is
an I frame, the I complexity estimate is updated. If
the initial frame is a P frame, the entire P complexity
queue is replaced by the new encoding complexity. The
P encoding complexity is used to estimate the B
encoding complexity, so the entire B complexity queue
is replaced by the encoding complexity of the P frame
multiplied by the value 0.8, which value is the
estimated ratio of B complexity to P complexity. Other
reasonable values can, of course, be used.

2. Because of'reordering, the first group of B
frames following the initial I or P frame may belong to
the old scene. Therefore, if there is only one B frame
in the group (M=2), the encoding complexity after
encoding that B frame is discarded so that the B
complexity gqueue stays at the reset value after that B
frame is encoded. 1If there is more than one B frame in
the first group of B frames (M=3), the encoding
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complexity of the first B frame is used as the
complexity estimate for the next B frames in the group.
Therefore, the B complexity queue is updated normally
except for the last B frame in the group. After
encoding the last B frame in the group, the B
complexity queue is set to the reset value so that
statistics possibly from the old scene will not
contaminate the complexity estimates of the new scene.

3. If the initial frame is an I frame, after
encoding the first P frame that follows the initial
frame, the entire P complexity queue is replaced by the
new encoding complexity. The B complexity queue is
replaced by the encoding complexity of the P frame
multiplied by a value such as 0.8, i.e., an estimated
ratio of B complexity to P complexity. If the initial
frame is a P frame, the complexity queue is updated
normally after encoding the first P frame following the
initial frame.

4. After encoding the first B frame in the second
group of B frames following the initial frame, the
entire B complexity queue is replaced by the new
encoding complexity (AvgQuant * SumPanelBitCount) of
the B frame.

5. The complexity queues are updated normally (by
replacing the oldest entry by a new value) for every
frame thereafter. For example, consider a scene change
that occurs at frame I0 in the following sequence of
frames (in encoding order): 10, B1, B2, P3, B4, BS,
P6, .... . Before encoding I0, the complexity
estimates are forced to reéet. The I complexity
estimate is updated after encoding I0. The B
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complexity queue is set to the new encoding complexity
after encoding Bl. This new complexity estimate is
used for encoding B2. After encoding B2, the B
complexity queue is set to the reset value. After
encoding P3, the entire P complexity queue is replaced
by the encoding complexity of P3, and the entire B
complexity queue is replaced by the same value
multiplied by, e.g., 0.8. After encoding B4, the
entire B complexity queue is replaced by the encoding
complexity of B4. From B5 and P6 onward, the
complexity queues are updated normally.

Consider a case where a fade-in from black happens at
frame PO in the following sequence of frames (in
encoding order): PO, Bl, B2, P3, B4, B5, P4,

Before encoding PO, the complexity estimates (including
I complexity) are forced to reset. After encoding PO,
the P complexity queue is replaced by the encoding
complexity of PO, and the B complexity queue is set to
the same value multiplied by, e.g., 0.8. The B
complexity gqueue is set to the new encoding complexity
after encoding Bl. This new complexity estimate is
used for encoding B2. After encoding B2, the B
complexity queue is set to the reset value. After
encoding P3, both P and B complexity queues are updated
in the same way as after encoding P0O. After encoding
B4, the entire B complexity queue is replaced by the
encoding complexity of B4. From B5 and P6 onward, the
complexity queues are updated normally.

A fade-out to black increases the complexity for P
and B frames but decreases the complexity of I frames.
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Therefore, on the first frame when a fade-out is
detected, a constant factor larger than one is
multiplied with every entry of the B and P complexity
queues to increase the complexity estimate. For
example, the multiplier 1.25 can be used for P
complexity and the mﬁltiplier 1.5 can be used for B
complexity. The I complexity estimate is reduced by
multiplying a constant factor less than one for every
frame where fade-out is detected. The multiplier 0.975
can, for example, be applied on I complexity for every
frame during a fade-out to black.

B) Update The Encoder’s Buffer Status

Since the data transfer rate of the compressed data
from the panel compressors’ local buffers to the video
FIFO via the PCI bus is much faster than the data
output rate from the video FIFO, we can consider the
combined video FIFO and the panel compressor’s local
buffers together as a single entity for the encoder’s
buffer level considerations. The level of the video
FIFO is latched at Field Sync and is read by the MCC
via the PCI bus interface.

First the total number of bits generated from the

previous frame is calculated as follows:

FrameBitCount = SumPanelBitCount + HeaderBitCount

Then, the total encoder buffer level is computed as:

EncoderBufferlLevel = VideoBufferLevel + FrameBitCount
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A new GOP is set up if the current frame is an I
frame. Before encoding an I frame, the MCC rate
control algorithm calculates the bit budget for the new
GOP, assuming a nominal number of frames for the GOP
(N). The MCC rate control algorithm tries to bring the
video buffer to a constant low level
(TargetBufferLevel) at the start of every GOP. The
TargetBufferLevel is set to be a fraction (one~eighth)
of the usable buffer space in the encoder and decoder

combined.
TargetBufferLevel = (BufferDelay * BitRate)/ 8

where BufferDelay is the total buffer delay which is
detailed in section D below.

First, the MCC estimates the time duration of the
upcoming GOP (GopDuration) based on the film mode
status. The GOP is divided into two parts, namely, (i)
the frames already preprocessed and waiting in the
encoder’s pipeline, and (ii) the future frames that
have not yet entered the encoder’s pipeline. For the
frames that are already in the pipeline, the exact
duration of the frames can be calculated from the
number of frames in the pipeline (PipelineSize) and the
number of frames that have a repeat field
(PipelineRepeatFields). For the future frames that
have not yet entered the pipeline, it is assumed that

‘those frames have the same film mode classification as

the most recently preprocessed frame, and the three-two
pulldown pattern is continued if they are classified as
film.-
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The current I frame is not included in the
calculation of the PipelineSize and
PipelineRepeatFields. However, the exact duration of
the current frame (PictureDuration) is known from the
repeat field status. If the current frame to be
encoded has repeat first field, the PictureDuration
equals (1.5/FrameRate), otherwise, PictureDuration
equals (1.0/FrameRate). This process can be
implemented using the following code:

if { most recently preprocessed frame is film ) {
if ((N — 1 - PipelineSize) is even ) {

GopinputFrames = PipelineSize + ( 0.5 * PipelineRepeatFields ) + 1.25* (N -
1 - PipelineSize )

}else {
if ( most recently preprocessed frame has repeat first field ) {

GoplnputFrames = 1.0 + PipelineSize + ( 0.5 * PipelineRepeatFields )
+1.25* (N - 2 — PipelineSize)

}else {
GoplnputFrames = 1.5 + PipelineSize + ( 0.5 * PipelineRepeatFields )
+1.25* (N - 2 - PipelineSize)
}

}

GopDuration = PictureDuration + (GoplnputFrames / InputFrameRate )

The target bit rate of the new GOP is the average
number of bits transmitted during the GOP plus the
surplus or deficit carried over from the previous GOP.

This carry over is reflected by the deviation of the
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current buffer level from the target buffer level. 1In
particular:

GOP_target = ( GopDuration * BitRate } + f *
(TargetBufferLevel - EncoderBufferLevel )

where B is an adaptive feedback control factor, such
that p=1.0 when there are surplus bits carried over from
the previous GOP (EncoderBufferLevel < TargetBufferLevel)
and 8 = 0.75 when there is a deficit (EncoderBufferLevel
> TargetBufferLevel). This arrangement allows the rate
control algorithm to respond quickly to make use of the
unused bit (if any) left over from the previous GOP,

yet avoids starving the new GOP if the previous GOP
consumes more bits than the budget. Thus, any negative
feedback is absorbed by the buffer and spread over
future GOPs to avoid sudden degradation in the video
gquality. The GopTarget may be adjusted later during
the GOP if the GOP size is extended to align the next I
frame with a scene change, or if the film mode status

changes.

C) Adjust the GopTarget

Within a GOP, the GOP target is adjusted every frame
for the following:

i) If a scene change is detected, the encoder may
lengthen the GOP to align the next I frame with the
scene change. In this case, the GopTarget is increased
accordingly to provide the bits needs for coding the
extra bits. This adjustment is only done on P frames,

since extra B frames must be accompanied by P frames.
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If the current frame is film, the increment is (1.25 *
M * BitRate/FrameRate ), otherwise the increment is

(M * BitRate / FrameRate). The constant M is the
distance (in frames) between two consecutive P frames.

ii) When the initial target bit budget is calculated
at the beginning of the GOP, it is assumed that the
entire GOP will operate in film mode if the last
preprocessed frame is film, or in regular video mode if
the last preprocessed frame is non-film. However, the
f£ilm mode status may change in the middle of a GOP.

If the most recently preprocessed frame belongs to
the current GOP and switches from non-film to film, the
GopTarget is increased accordingly to account for the
expected increase in the expected duration of the GOP.
The increase in GopTarget is calculated as:

0.25 * (BitRate / FrameRate) * (Number of unprocessed
frames remaining in the GOP),

where the number of unprocessed frames is calculated

as:

N — (Number of frames already encoded in the GOP) -
PipelineSize - 1.

On the other hand, if the input switches from film to
normal video, the GopTarget is decreased by the same
amount to account for the expected decrease in the
duration of the GOP. The film to video (or video to
film) adjustment is skipped if the number of frames
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encoded so far in the GOP exceeds (N - PipelineSize -

1).

D) Buffer Protection

The end-to-end buffer delay is set by the packet
processor and is defined as the time elapsed from the
time the first bit of the picture enters the encoder
FIFO to the time the picture is pulled out from the
decoder FIFO (Decoder Time Stamp (DTS) of the picture).
The MCC rate control algorithm uses the delay value to
calculate the maximum allowable number of bits in the
picture that does not overflow the encoder buffer or
underflow the decoder buffer. For high bit rates, the
system stores as many bits as the decoder buffer allows
to maximally utilize the buffers. For low bit rates,
however, an upper bbund of, e.qg., one-half second delay
is set to ensure a reasonable channel acquisition
delay. For compliance with the ATSC standard, it is
assumed that the decoder uses a 488*1024*16 = 7995392
bit buffer. The buffer delay is calculated from the
following equation:

BufferDelay = Min (7995392 bits / BitRate , 0.5
second )

The delay is fixed at, e.g., 0.5 second for bit rates
below 16 Mbps, and decreases linearly for bit rates
above 16 Mbps, e.g. 0.2 second at 40Mbps.

To prevent the decoder buffer from underflowing, all

the bits currently in the encoder buffer plus the bits
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to be generated for the current frame have to be
transported to the decoder before the decode time of
the current frame. Since the PCI bandwidth is much
higher than the output bit rate, we can assume that the
transfer of data from the panel compressors to the
video FIFO is instantaneous. The worst case decode
time of the current frame is (BufferDelay-MaxJitter)
time units after current picture is transferred to the
video FIFO, which happens one picture processing time
later.

If the encoder’s current buffer level is higher than
the nominal number of bits (BitRate * PictureDuration)
to be transmitted from the encoder buffer to the
decoder buffer during the current frame time, a
constant output bit rate (BitRate) will be maintained.
Otherwise, the packet processor will generate null
packets to fill up the gap in the transport bandwidth,
which effectively reduces the video bit rate.
Therefore, the projected video FIFO level one frame
time later when the current picture enters the video
FIFO is:

max ( EncoderBufferlLevel ~ (BitRate * PictureDuration ), 0 )

From the time the current frame enters the video FIFO
to the decode time of the frame, worst case
(BufferDelay-MaxJitter) * BitRate bits will be
transported to the decoder FIFO so that the number of
bits available for the current frame is:

FrameMaxDecoder = (BufferDelay -MaxJitter)*BitRate - Max
(EncoderBufferLevel - (BitRate * PictureDuration), 0)
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To prevent the encoder’s video FIFO from overflow,
the size of the current frame plus the level of the
FIFO when the current frame is transferred to the video
FIFO should not exceed the size of the video FIFO

(VideoFifoSize), i.e.:

FrameMaxEncoder = VideoFifoSize -~ Max EncoderBufferLevel -
(BitRate * PictureDuration), 0)

In an example implementation, the size of the video
FIFO is 12582912 bits, although any other suitable FIFO
size can be used as will be appreciated by those
skilled in the art.

The maximum allowable bitstream size of the current
frame is then calculated as the smaller of
FrameMaxEncoder and FrameMaxDecoder. An offset of two
transport packets' worth of video data (2*8*184 = 2944
bits) is included to provide a safety margin. Thus:

FrameMaxBits = MIN (FrameMaxEncoder, FrameMaxDecoder) - 2944

Since the packet processor inserts null packets to
effectively reduce the video bandwidth when there is
not enough data in‘the video FIFO, it is not necessary
to set a lower bound on the frame size to protect the

encoder or decoder buffer.

E) Calculate bit budget for the frame

For every picture to be encoded, the MCC rate control
algorithm calculates a target for the number of bits to
be generated for the frame (FrameTargetBits). The
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basic idea is to distribute the available bits to the
I, P, and B frames in proportion to the complexity
estimates adjusted by a set of constant weighting
factors (K[I], K[P], K{B}). The weighting factors
(K[]) account for the different perceptual and
statistical characteristics of I, P and B frames. As
an example, the weighting factors (0.75, 1.0, 0.75) can
be used, although other weighting factors are equally
applicable. A portion of the deviation of the actual
bits used from the target is fed back to adjust the
target for the future frames.

For an I frame:

FrameTargetBits = GopTarget * K{[I] * X[I] /
(K[I}1*X[I] + Np*K[P]*X[P] + Nb*K[B]*X[B])

The smaller of FrameTargetBits value of the I frame and
the actual number of bits generated by the I frame is
then deducted from the GopTarget before allocating the
remaining bits to the P and B frames. Note that if the
actual number of bits generated exceeds the target, the
target is deducted from the GopTarget instead of the
actual bits bécause.the I frame consumes bits at a much
higher rate than P and B frames. Deviation of the I
frame’s bit consumption from the target may deplete the
bit budget of the remaining P and B frames. By
decoupling the actual I frame bits from the B and P bit
allocation, the feedback is deferred to the next GOP.

For B and P frames, an allocation ratio is first
calculated as follows:
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AllocationFactor{P] = (N-1) / (Np + Nb* Max (1/2 , Min
(3, (K[B]*X[B] / K[P]*X[P]) ) ) )

AllocationFactor[B] = (N-1) / (Nb + Np* Max (1/3 , Min
(2, (K[P)*X[P] / K[B]*X[B]) ) ) )

The ratio of the weighting complexity (K*X) of P to B
frames are bounded by * and 3 to avoid extreme
allocation caused by an inaccurate complexity estimate.
An initial frame target is then computed by applying
the allocation factor to the average number of bits
available to the P and B frames, as follows:

InitialFrameTargetBits = AllocationFactor *
GopTarget / (GopLength-1)
Note that GopLength is the current length of the GOP,
which may be larger than NominalGopLength because the
GOP is extended to align the next I frame with the
scene change. 1If the current frame count with respect
to the start of the GOP is less than the nominal GOP
length (N), GopLength is set to the same value as N. If
the current frame count exceeds N, GopLength is
increased by M frames for every time a P frame is
encountered. Feedback is then added to the
InitialFrameTargetBits to compensate the deviation of
the actual bit consumption from the target. The
feedback is computed as:

PictureFeedback = o * (AccumulatedFrameTargetBits -
GopBitCount)
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AccumulatedFrameTargetBits is the accumulation of the
FrameTargetBits since the beginning of the GOP. The
PictureFeedback portion of the FrameTargetBits is
excluded in the accumulation in every P and B frame.
GopBitCount is the number of bits generated by the
current GOP up to and including the last coded frame.

After encoding each frame, the GopBitCount is
increased by the effective number of bits generated by
the frame. Since the null packet is inserted to sustain
the transport bit rate when the video FIFO level is
lower than that required to produce one transport
packet, the effective number of bits produced for the
last coded frame is lower bounded by the number of bits
that are required to sustain a constant output bit rate
during the upcoming frame time minus the number of bits
that are already in the video FIFO. The effective
number of bits generated is:

Max (FrameBitCount, (PictureDuration*BitRate -
VideoBufferLevel) )

The constant o controls the response of the system.
If o is too big, the system becomes unstable; if o is
too small, the response is slow. In an example
embodiment, o can be set to 1/N, although other values
can be substituted.

To avoid exceesive negative feedback that may deplete
the bit budget of the current frame, the magnitude of
PictureFeedback is bounded to not exceed one-third of
the InitialFrameTargetBits if the feedback is negative.
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FrameTargetBits = InitialFrameTargetBits +
PictureFeedback

Finally, the FrameTargetBits is bounded both from
above and below. It is necessary that the
FrameTargetBits does not lie in the proximity of the
maximum allowable number of bits that applies for
buffer protection. Otherwise, panic mode may be
invoked too early and the picture quality will be
excessively degraded. Although it is not necessary to
set a minimum picture size to protect the buffer, it is
desirable that the encoded frame is big enough such
that bandwidth would not be wasted by sending null
packets. Therefore, a minimum value for the
FrameTargetBits is calculated as the worst case number
of bits required to prevent the encoder video FIFO from

emptying.
FrameMinTarget = (1.5 * BitRate / FrameRate) - Max
(EncoderBufferLevel - (BitRate * PictureDuration), 0 )

To avoid extreme values that may result from inaccurate
complexity estimates, hard limits are provided so that
the FrameTargetBits will not exceed the upper limit or
fall below this limit.

FrameTargetBits = Min ( FrameTargetBits, 0.8 *
FrameMaxBits, MaxTarget)

FrameTargetBits = Max (FrameTargetBits, FrameMinTarget,
MinTarget )

The value of MaxTarget and MinTarget are defined as:
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MaxTarget (I frame] = GopTarget - (N-1) * (Number of
Macroblocks per frame) * 8

MaxTarget [P or B frame] = GopTarget / N
MinTarget [I frame] = GopTarget / N

MinTarget [P or B frame] = (Number of Macroblocks
per frame) * 8

F) Determine the target quantizer scale for the frame.

The target quantizer scale is calculated from the
target frame bit rate and the complexity estimate,
lower bounded to prevent incorrect complexity estimates
from driving the quantizer scale too low. The
quantizer scale is also upper bounded by the maximum
MPEG nonlinear quantizer scale value.

FrameQuant = Max (MinFrameQuant, X[picture_type] /
FrameTargetBits )
The value MinFrameQuant is set to 2.

To improve stability in case of inaccurate complexity
estimates, especially in complex still images, the
algorithm sets a lower bound for the target quantizer
value of P and B frames if it drops suddenly from a
relatively higher value. The following adjustments are
made to FrameQuant if FrameQuant is smaller than the
last AvgQuant value of the same picture type and
smaller than 24:
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FrameQuant = Min (StartupQuant, (FrameQuant + Max
(LastFrameQuant, LastAvgQuant)) / 2

where LastFrameQuant is the target quantizer
(FrameQuant) value of the most recently coded frame of
the same picture type, and LastAvgQuant is the actual
average quantizer (AvgQuant) value of the most recently
coded frame of the same picture type.

The target quantizer scale (FrameQuant) value
calculated on the MCC is then clamped by a maximum
value and delivered to the panel compressors to be used
initially to code the panels. Details for setting the
upper bound .and the quantization strategy on the panel
compressors are provided hereinafter. The quantizer
scale values are adjusted periodically at RC sync
interrupts by a feedback process to drive the actual
number of bits generated in the picture towards the
target.

G) Delay start of a new GOP if buffer level is too high

Before a new GOP may be started, the algorithm makes
sure that there is enough room in the buffer to
accommodate the surge of bits to be generated by the
upcoming I frame. Since the rate control task is
carried out after the decision of picture coding type,
the buffer is inspected to determine the feasibility of
starting a new GOP at the next frame. If there is not
enough space in the buffer, the rate control task sends
a signal to prevent the next frame from starting a new
GOP. The next frame is allowed to start a new GOP if:
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EncoderBufferLevel + FrameTargetBits -
(PictureDuration * BitRate)

is below a threshold which is precomputed as:

Min (0.5 * BufferDelay * BitRate, TargetBufferLevel
+ (0.333 * N * BitRate / FrameRate) )

5. MCC RC sync interrupt

Ideally, the frame target quantizer scale
(FrameQuant) should be used throughout the picture to
produce a uniform quality over the entire picture.
However, the rate control model based on the frame
complexity estimate is not always accurate. Thus,
adjustments to FrameQuant are necessary to control the
bit rate. A feedback mechanism is used such that the
accumulated bit count of the frame is compared to the
target bit rate of the frame, scaled by the portion of
macroblocks coded.

At RC Sync interrupt, the MCC reads two parameters
from every panel compressor. These parameters are (i)
the number of macroblocks currently encoded, and (ii)
the number of bits generated so far. The MCC sums up
these statistics for all eight panels (SumPanelBitCount
and SumPanelMbCount). The MCC then computes a partial
target and a partial maximum for the number of bits
generated.

PartialFrameTargetBits = FrameTargetBits *
SumPanelMbCount / (Number of macroblocks per frame)
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PartialFrameMaxBits = FrameMaxBits * SumPanelMbCount

/ (Number of macroblocks per frame)
The adjustment of the quantizer scale is based on the
ratios of the SumPanelBitCount to .
PartialFrameTargetBits and to PartialFrameMaxBits. If
the bit count (SumPanelBitCount) exceeds 0.9 of
PartialFrameMaxBits, the quantizer scale is adjusted
as:

CurrentQuant = CurrentQuant * 0.9 * SumPanelBitCount /

PartialFrameMaxBits
where CurrentQuant is the current quantizer scale being
used, which is initialized to the value FrameQuant at
the start of encoding the frame. Otherwise the
adjustment is based on the ratio of SumPanelBitCount to
PartialFrameTargetBits using the following piecewise
linear model:

ratio < 1.5 : CurrentQuant = FrameQuant

2.0 2 ratio > 1.5 : CurrentQuant = (1+0.5* (ratio-1.5))*
Max {FrameQuant, CurrentQuant)

ratio 2 2.0 : CurrentQuant = 1.25 + (ratio - 2.0)
* Max (FrameQuant, CurrentQuant)

Assuming that the bit count at the end of each frame
is close to the target bit rate, the final quantizer
scale value of the panel would be close to the initial
value which is FrameQuant. Such arrangement avoids
visible seams at panel boundaries that can be caused by -
abrupt changes in the quantizer scale.
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To improve stability, the value of CurrentQuant
calculated in the current RC sync is then averaged with
the value of CurrentQuant calculated in the previous RC
sync.

The value of CurrentQuant is then capped to the same
upper bound as that used to cap FrameQuant (detailed
hereinafter), and averaged with the previous
CurrentQuant value. Before sending the final value of
quantizer scale to the panel compressors, CurrentQuant
is further adjusted to increase the quantizer scale
value to protect the buffers if the SumPanelBitCount is
approaching the limit of FrameMaxBits:

if (SumPanelBitCount > 0.975 * FrameMaxBits)
CurrentQuant = 512

else if (SumPanelBitCount > (0.95*FrameMaxBits) AND
(SumPanelMbCount < 0.8*MacroblocksPerFrame) )

CurrentQuant = 4 * CurrentQuant

else if (SumPanelBitCount > 0.9*FrameMaxBits) AND
{SumPanelMbCount < 0.7*MacroblocksPerFrame) )
CurrentQuant = 2 * CurrentQuant

Finally, the value of CurrentQuant is capped again by the
same upper bound as that used to cap FrameQuant. A lower
bound of 2 also applies to CurrentQuant.

6. Quantization Strategy

The panel compressors perform guantization by
multiplying the DCT coefficients with precomputed sets of
reciprocal values of the quantizers. There are 32
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precomputed sets of multipliers on the panel compressors.
The first 31 tables correspond to the MPEG quantizer scale
index of 1 to 31, which are mapped to the quantizer scale
value of 1 to 112 according to the MPEG nonlinear
quantizer mapping table. The 32™ table is reserved for a
panic mode in which all multipliers are set to zero,
except for the intra DC, so that the DCT coefficients may
be discarded to minimize the number of bits generated.
This panic mode should be invoked only as an emergency
measure to protect the buffers. The DC value of the non-
intra panic multiplier table (PanicNonIntraDCMul) may be
written by the MCC to determine whether to normally
quantize the non-intra DC by the maximum MPEG quantizer
scale (112), or set it to a fraction of the normally
quantized value. If the panel compressor receives from
the MCC a quantizer scale value (PanelQuant) between 1 to
112, the normal tables are seleéted. For any PanelQuant
value above 112, the panic table will be selected.

The quantization scale value calculated by the MCC
(FrameQuant or CurrentQuant) spans a range of 1 to 512.
This value is converted to an 8-bit value from 1 to 255
(PanelQuant) to be sent to the panel compressor to select
the multiplier table, and is also used to determine the
non-intra DC multiplier of the panel compressor’s panic
table:

1 <= CurrentQuant <= 112; PanelQuant = round currentQuant to the nearest
integer by truncation.

PanicNonlntraDCMul = MaxQuantNonintraDCMu!

112 < CurrentQuant <= MaxRcQuant: PanelQuant = 1 12;
PanicNonIntraDCMul = MaxQuantNonintraDCMul
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MaxRcQuant < CurrentQuant < 512:  PanelQuant = 255;
PanicNonintraDCMul = MaxQuantNonintraDCMul

CurrentQuant = 512: PanelQuant = 255;
PanicNonintraDCMul = 0.3 * MaxQuantNonintraDCMul

where MaxQuantNonIntraDCMul is the non-intra DC entry of
the multiplier table for the maximum MPEG quantizer scale
(112). MaxRcQuant is a constant value current set to 144.

Normally, the FrameQuant value should not be allowed to
exceed MaxRcQuant above which the panel compressor may
invoke panic mode that severely degrade the picture
quality. However, if the encoder buffer is at the verge of
overflowing, or if the decoder buffer is at the verge of
undeflowing, the panel compressors should be allowed to go
into panic mode at the onset of encoding the frame.
Therefore, the following adaptive algorithm is used to set
the upper bound of FrameQuant base on the value of
FrameMaxBits. If FrameMaxBits is big enough to support
the worst case number of bits generated by normal MPEG
quantization (FrameMaxBits exceeds a
thresholdPanicThresholdl), FrameQuant is capped by

MaxRcQuant to avoid going into panic mode.

Once FrameMaxBits goes below PanicThresholdl, the upper
bound is changed, e.g., to 176, which enables panic mode
on the panel compressors but preserves the non-intra DC
coefficient at panic. If the FrameMaxBits further drops
below a second threshold PanicThreshold2, the upper bound
is set to 512 so that the quantized value of the non-intra
DC coefficient can be reduced beyond that of normal

quantization. A hysteresis mechanism is provided so that
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once the upper bound is raised above MaxRcQuant, it will

not return to MaxRcQuant until FrameMaxBits exceeds a
third threshold (PanicThreshold3). The thresholds
{PanicThresholdl, PanicThreshold2, PanicThreshold3} can be
set, for example, to the values {750000, 500000, 1500000}
for P and B frames, and {1500000, 1000000, 3000000} for I

frames.

7. Panel Compressors

Each panel compressor receives the PanelQuant value

from the MCC at every RC Sync and at picture start. The

panel compressors then perform the following routine on a

macroblock by macroblock basis:

A) Update the encoding statistics.

Accumulate the macroblock count, PanelSumQuant (sum of

actual quantizer scale used), and PanelBitCount (number of

bits generated so far in the panel). These statistics are

reset to zero at the beginning of the frame.

B) Check fullness of local buffer; ramp up the quantizer

scale if the local buffer level is approaching full.

if ( LocalBufferLevel < (112/128) * LocalBufferSize )

PanelQuant unchanged

else if (LocalBufferLevel < (120/128) * LocalBufferSize)

PanelQuant = 4 * PanelQuant

else if (LocalBufferLevel < (124/128) * LocalBufferSize )

else

PanelQuant = 16 * PanelQuant
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PanelQuant = 255

C) Modulate PanelQuant by adaptive quantization the same
way as in MPEG Test Model 5.

D) Apply the final quantizer scale to perform
quantization.

8. Packet Processor

Whenever the video FIFO has at least one transport
packet payload’s worth of data (184 bytes), the packet
processor retrieves the data from the primary video FIFO
at an average data rate equal to the video bit rate
(bit_rate) as specified by the user. Whenever the FIFO
level falls below 184 bytes, the packet processor will
stop retrieving data from the FIFO to protect the FIFO
from underflow. Null packets will then be substituted for
video packets to maintain a constant transport bit rate.

It should now be appreciated that the present
invention provides a rate control algorithm for
optimizing the performance of a video encoder that
utilizes multiple parallel compression engines. The
invention has application to both HDTV and SDTV
encoders.

Although the invention has been described in
connection with various preferred embodiments, it
should be appreciated that numerous adaptations and
modifications thereof can be provided without departing
from the scope of the invention as set forth in the
claims.
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What is claimed is:

1. A method for controlling the quantization in
a digital video encoder that comprises a plurality of
parallel compression engines, comprising the steps of:

determining a target quantization level for a
video frame;

applying said target quantization level to
the first slice of every video image panel of a
plurality of panels representing said video frame and
being processed in parallel by said video encoder; and

driving the quantization level at the last
slice of each of said image panels toward said target
quantization level.

2. A method in accordance with claim 1 wherein
said driving step uses piecewise linear feedback to
drive the quantization level of the last slice of each
of said image panels toward said target quantization
level.

3. A method in accordance with claim 2 wherein
said feedback compensates for variations in the
quantization level between the first and last slice of
each of said image panels.

4. A method in accordance with claim 1 wherein a
group of pictures (GOP) target bit rate is adjusted
based on a number of film pictures and non-film
pictures currently in a processing pipeline of at least
one of said compression engines.

5. A method in accordance with claim 4 wherein
a higher target bit rate is provided for non-film

pictures.
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6. A method in accordance with claim 1 wherein a
buffer level of said video encoder is used to control
the start of a new group of pictures (GOP).

7. A method in accordance with claim 1 wherein:

every input picture is partitioned into a
fixed number of horizontal panels; and

each of said panels is compressed by a
separate compression engine.

8. A method in accordance with claim 7 wherein
said panels are simultaneously compressed during a
frame time.

9. A method in accordance with claim 8 wherein
the compressed panel data are stored locally at the
compression engines for subsequent transfer to a video
buffer of the video encoder within a next frame time.

10. A method in accordance with claim 9 wherein
data are retrieved from said buffer, to form a
transport packet, at an average rate equal to a
specified video bit rate whenever the buffer has at
least one transport packet payload's worth of data.

11. A method in accordance with claim 10 wherein
null packets are substituted for video packets to
maintain a constant transport bit rate whenever said
buffer level falls below one transport packet payload's
worth of data.

12. A method in accordance with claim 7 wherein a
reference quantizer scale is calculated for each of
said compression engines.

13. A method in accordance with claim 12 wherein
the reference quantizer scale for a compression engine

is calculated based on:
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an accumulation of quantizer scale values for
that compression engine (sum_quant),

an accumulation of the number of bits
generated on that compression engine (bitcount):;

an accumulation of the number of macroblocks’
processed on that compression engine (MBcount); and

a fullness level of a video buffer of the
video encoder (buffer_ level).

14. A method in accordance with claim 13 wherein
the compression engine modifies its reference quantizer
scale based on a local buffer fullness to generate a
final quantizer scale value for use in quantization.

15. A method in accordance with claim 14 wherein
a panic mode is initiated by the compression engine if
the final quantizer scale value is higher than a
predetermined maximum value, said panic mode
maintaining the quantization at or below said
predetermined maximum value.

16. A method for controlling the rate at which
data is processed by a digital video encoder using a
plurality of parallel compression engines to compress
successive macroblocks of video data, comprising the
steps of:

providing frame level rate control on
successive video frames in accordance with a picture
start interrupt service routine once per coded picture;
and

providing macroblock level rate control in
accordance with a rate control interrupt service

routine a plurality of times per coded picture.
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17. A method in accordance with claim 16 wherein
said picture start interrupt routine updates frame
level statistical variables by processing data
collected from a prior coded frame.

18. A method in accordance with claim 16
comprising the further step of calculating a target bit
rate for a new group of pictures (GOP) if a new frame
to be processed comprises an intra-coded (I) frame.

19. A method in accordance with claim 16
comprising the further steps of:

calculating upper and lower limits on the
number of bits that a new frame is allowed to generate
for every frame to be encoded; and

computing a target number of bits to be
generated for each frame and for each of a plurality of
panels into which each frame is divided.

20. A method in accordance with claim 19 wherein
said target number of bits is computed by distributing
the bits in proportion to relative complexity values of
the video frames being processed.

21. A method in accordance with claim 19
comprising the further step of calculating a frame
target quantizer scale from the target number of bits
computed for a frame.

22. A method in accordance with claim 21 wherein
said frame target quantizer scale is provided to each
of said plurality of compression engines as an initial
reference quantizer scale for use in commencing coding

of the video frame.
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23. A method in accordance with claim 22 wherein
said macroblocks comprise DCT coefficients, said method
comprising the further step of:

enabling said compression engines to force
some of said DCT coefficients to zero if said reference
guantizer scale is too high to maintain the number of
bits that the new frame is allowed to generate within
said upper limit.

24. A method in accordance with claim 19 wherein
said rate control interrupt service routine provides
interrupts which initiate a modulation of a frame
target quantizer scale, said modulation being based on
feedback to attempt to bring the actual number of bits
for each of said panels to the corresponding target
number of bits for the panel.

25. Apparatus for controlling the quantization in
a digital video encoder that comprises a plurality of
parallel compression engines, comprising:

means for determining a target quantization
level for a video frame;

means for applying said target quantization
level to the first slice of every video image panel of
a plurality of panels representing said video frame and
being processed in parallel by said video encoder; and

means for driving the quantization level at
the last slice of each of said image panels toward said
target quantization level,

26. Apparatus for controlling the rate at which
data is processed by a digital video encoder using a
plurality of parallel compression engines to compress

successive macroblocks of video data, comprising:
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means for providing frame level rate control
on successive video frames in accordance with a picture
start interrupt service routine once per coded picture;
and »

means for providing macroblock level rate
control in accordance with a rate control interrupt
service foutine a plurality of times per coded picture.
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STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW
DUE.

HOW TO REPLY TO THIS NOTICE:
L. Review the SMALL ENTITY status shown above.

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

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

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

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

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

the ISSUE FEE shown above.

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

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

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.
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PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE

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

or Fax (571)-273-2885

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

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

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

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Note: A certificate of mailing can only be used for domestic mailings of the

Fee(s) Transmittal. This certificate cannot be used for any other accompanying

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

ave its own certificate of mailing or transmission.

10945 7590 01/03/2012
NOKIA CORPORATION Certificate of Mailing or Transmission
I hereby certify that this Fee(s) Transmittal is being deposited with the United
c/o Ware, Fressola, Van Der Sluys & Adolphson LLP States Postal Service with sufficient postage for first class mail in an envelogie
Building Five, Bradford Green address_eddlo Ltlﬁe Mail Stog ISSUE FEsE addkrlessl abpvde_, ordbginlg facsimile
755 Main Street, PO Box 224 transmitted to the USPTO (571) 273-2885, on the date indicated below.
Monroe, CT 06468 (Depositor's name)
(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
11/881,367 07/26/2007 Jani Lainema 944-001.107-2 1389

TITLE OF INVENTION: METHOD AND DEVICE FOR INDICATING QUANTIZER PARAMETERS IN A VIDEO CODING SYSTEM

| APPLN. TYPE SMALL ENTITY | ISSUE FEE DUE I PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional NO $1740 $300 $0 $2040 04/03/2012
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
PHILIPPE, GIMS S 2485 375-240030
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
CFR 1.363). ] 1
(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)

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

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

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

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

Authorized Signature Date

Typed or printed name Registration No.

This collection of information is required by 37 CEFR 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 SI:jggestions for reducing this burden, should be sent toa{hye 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.
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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. I FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. | CONFIRMATION NO.
11/881,367 07/26/2007 Jani Lainema 944-001.107-2 1389
| EXAMINER
10945 7590 01/03/2012
NOKIA CORPORATION PHILIPPE, GIMS S

c/o Ware, Fressola, Van Der Sluys & Adolphson LLP
Building Five, Bradford Green

755 Main Street, PO Box 224

Monroe, CT 06468

| ART UNIT PAPER NUMBER

2485

DATE MAILED: 01/03/2012

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

The Patent Term Adjustment to date is 788 day(s). If the issue fee is paid on the date that is three months after the
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half
months) after the mailing date of this notice, the Patent Term Adjustment will be 788 day(s).

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that

determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval

(PAIR) WEB site (http://pair.uspto.gov).

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

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

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

1.

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

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

. A record in this system of records may be disclosed, as a routine use, to a Member of Congress

submitting a request involving an individual, to whom the record pertains, when the individual has
requested assistance from the Member with respect to the subject matter of the record.

. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency

having need for the information in order to perform a contract. Recipients of information shall be
required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5
U.S.C. 552a(m).

. A record related to an International Application filed under the Patent Cooperation Treaty in this

system of records may be disclosed, as a routine use, to the International Bureau of the World
Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

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

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

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

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



Application No. Applicant(s)

; . 11/881,367 LAINEMA, JANI
Notice of Allowablllty Examiner Art Unit
GIMS PHILIPPE 2485

-- 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 ALLOWARBILITY 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 gpplicant's response received on February 28, 2011 .

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

3. X The allowed claim(s) is/are 4-14,17-27 and 37.

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

a)[J Al by (] Some* c¢)[JNone ofthe:
1. [ Certified copies of the priotity 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 A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER’S AMENDMENT or NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient.

6. [] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.
(a) [ including changes required by the Notice of Draftsperson’s Patent Drawing Review ( PTO-948) attached
1) [ hereto or 2) [] to Paper No./Mail Date _____.
(b) [ including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date _____ .

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

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

Attachment(s)
1. [ Notice of References Cited (PTO-892) 5. [] Notice of Informal Patent Application
2. [J Notice of Draftperson's Patent Drawing Review (PTO-948) 6. [] Interview Summary (PTO-413),
Paper No./Mail Date .
3. [X] Information Disclosure Statements (PTO/SB/08), 7. [] Examiner's Amendment/Comment
Paper No./Mail Date 03/01/11, 7/26/07
4. [] Examiner's Comment Regarding Requirement for Deposit 8. [J Examiner's Statement of Reasons for Allowance

of Biological Material
9. X Other eDAN Amended Specification attachment.

/Gims S Philippe/
Primary Examiner, Art Unit 2485

U.S. Patent and Trademark Office
PTOL-37 (Rev. 03-11) Notice of Allowability Part of Paper No./Mail Date 20111213
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944-001.107-2

In the Specification

Please amend the paragraph beginning on page 1, line 4 as follows:

‘ This application is a divisional application of and claims priority to a co-pending U.S.
patent application Serial No. 10/421.629,@d April 23, 2003, which is based on and claims

priority to U.S. provisional application No. 60/374,667, filed April 23, 2002.

1GP/
Please amend the paragraph beginning on page 6, line 7 as follows:

The quantized DCT coefficients for each block are passed from the quantizer 106 to the
video multiplex coder 170, as indicated by line 125 in Figure 1. The video multiplex coder 170
orders the quantized traﬁsform coefficients for each block using a zigzag scanning procedure,
thereby converting the two-dimensional array of quantized transform coefficient values into a
one-dimensional array. [[.]] Typically, the video multiplex coder 170 next represents each non-
zero quantized coefficient in the one-dimensional array by a pa{ir of values, referred to as level
and run, level being the value of the quantized coefficient and run being the number of
consecutive zero-valued coefficients preceding the coefficient in question. The run aﬂd level -
values are further compressed using entropy coding. For example, a method such as variable
length coding (VLC) may be used to produce a set of variable length codewords representative

of each (run, level) pair.
Please amend the paragraph beginning on page 15, line 29 as follows:

Preferably, an indication of the default level of quantization to be used throughout
encoding of the digital video sequence is provided. Even more preferably, an indication of the
default level of quantization is provided in the encoded bit-stream representative of the digital
video sequence, Advantaegously advantégeously, the encoded bit-stream, including the
indication of the default level of quantization to be used throughout encoding of the digital video

sequence, is transmitted to a video decoding device.
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Docket No.: 944-001.107-2 Serial No.: 1 1-/881,367
PATENT APPLICATION Applicant(s): Jani Lainema
(FORM PTO-1449)
(Substitute) Filing Date: July 26, 2007 Group: 2621
U.S. PATENTS
Initials Patent Number Issue Date Name Class Sub- Filing date
class
1GP/ US 5,907,362 5-25-1999 | Yamamoto 348 405
U.S. PATENT PUBLICATIONS
Initials | Publication No. Pub. Date Name Class Sub- Filing Date
class
FOREIGN PATENT DOCUMENTS
Initial Document Number Date Country Name Translation?
Yes/No/n/a
/GP/ | WO 2000 21302 A1 | 4-13-00 | International Gen Instrument Corp. English
OTHER DOCUMENTS (Title, Author, Date, Pages, Etc., if known)
GP/ Single-pass constant-and variable-bit-ratt MPEG-2 video compression, N. Mohsenian, R. Rajagopalan,
a1 C.A. Gonzales, July 4, 1999, XP-002216512
A Video Compression Algorithm With Adaptive Bit Allocation and Quantization, Eric Viscito and
/GP/ | Cesar Gonzales, November 11, 1991, Visual Communications and Image Processing '91: Visual

Communication, Boston — SPIE Vol. 1605

~—

—~—

Examiner’s Signature: /Gims Philippe/ | Date Considered: 12/13/2011

Initial if reference was considered, whether or not citation is in conformance with MPEP. Mark through citation if not considered.

Include a copy of this citation form with your next correspondence to the Applicant(s).

Customer No.: 4955



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Re: Application of: Jani Lainema Attorney Docket: 944-001.107-2
Serial No.: to be assigned 11/881, 367 Group Art Unit: to be assigned
Filed: herewith Examiner: to be assigned

For: METHOD AND DEVICE FOR INDICATING QUANTIZER PARAMETERS
IN A VIDEO CODING SYSTEM

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

INFORMATION DISCLOSURE STATEMENT
Sir:

Applicant submits herewith references of which they are aware, which they believe may
be material to the examination of this application and in respect of which they may have a duty to
disclose in accordance with 37 CFR 1.56.

While this Information Disclosure Statement may be “material” pursuant to 37 CFR 1.56,
it is not intended to constitute an admission that any document referred to herein is “prior art”‘for
this invention unless specifically designated as such.

In accordance with 37 CFR 1.97(g), the filing of this Information Disclosure Statement
shall not be construed to mean that a search has been made or that no other material information

as defined under 37 CFR 1.56(a) exists.

I hereby certify that this correspondence is being
deposited with the United States Postal Service
"Express Mail Post Office to Addressee" service
under 37 C.F.R. 1.10, Express Mail Label No.
EV914764379US, on the date indicated below
and is addressed to Commissioner for Patents,
P.O. Box 1450, Alexandria, VA 22313-1450.

QEJ/C/ZJYA— .25 03

y Sturmer } Date

(IDS Transmittal - Page 1 of 2)



Attorney Docket No. 944-001.107-2

A PTO-1449 with cited reference is also enclosed.

This IDS is being submitted prior to receipt of a first Official Action in this matter;
therefore, the undersigned respectfully submits that no fee is due for filing this IDS. Should any
fees be due of which the undersigned is unaware, the Commissioner is hereby authorized to

charge deposit account 23-0442 any fee deficiency required to submit this IDS.

Respectfully submitted,

[ Lo

Kenneth Q. Lao

_ Registration No. 40,061
Date: M 25 1wl

I
WARE, FRESSOLA, VAN DER SLUYS
& ADOLPHSON LLP
Bradford Green, Building 5
755 Main Street, PO Box 224
Monroe, CT 06468
(203) 261-1234

(IDS Transmittal - Page2 of 2)
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FORM PTO-1449
INFORMATION DISCLOSURE STATEMENT

ATTY DOCKET NO. SERIALNO. 11/881, 367
944-001.107-2 To be assigned
APPLICANTS: Jani Lainema

FILING DATE: ART UNIT: to be assigned
herewith

UNITED STATES PATENT DOCUMENTS

EXAM. DOCUMENT FILING DATE IF
INITIAL NUMBER DATE INVENTOR/ASSIGNEE | CLASS | SUBCLASS | APPROPRIATE
1GP/ U.S. 5,231,484 July 27,2991 |Gonzales et al. 358 133

U.S. 5,751,358 May 12, 1998 |Suzuki et al. 348 405

U.S. 5,054,103 Oct. 1,1991 |Yasuda et al. 382 56

U.S. 5,144,426 Sept. 1, 1992 [Tanaka et al. 358 133

U.S. 5,715,009 Feb. 3, 1998 |Tahara et al. 348 423

U.S. 6,256,349 July 3, 2001 | Suzuki et al. 375 240.18

U.S. 5,237,410 Aug. 17,1993 |Inoue 358 136

U.S. 2003/152146 | Aug. 14,2003 |Lin et al. 375 240.16
1GP/ U.S. 6,677,868 Jan. 13,2004 |Kerofsky et al. 341 107
FOREIGN PATENT DOCUMENTS
DOCUMENT TRANSLATION
NUMBER DATE COUNTRY CLASS | SUBCLASS YES/NO
\\
\N
—
el
L /
OTHER DOCUMENTS (INCLUDING AUTHOR, TITLE, DATE, PERTINENT PAGES, ETC.)

IGP/ “Joint Model Number 1 (JM-1)", Doc. JVT-A003, Appendix B; Joint Video Team (JVT) of ISO/NIEC MPEG and
Y ITU-T VCEG; January 2002; pp. 1-79.

Examiner (To be assigned)

/Gims Philippe/

Date:

12/27/2011




Application/Control No. Applicant(s)/Patent Under Reexamination
Issue Classification | 5,36 LAINEMA, JANI
GIMS PHILIPPE 2485
ORIGINAL INTERNATIONAL CLASSIFICATION
CLASS SUBCLASS CLAIMED NON-CLAIMED
375 240.03 H 0 4 N 7 /12 (2006.01.01)
CROSS REFERENCE(S)
CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)
375 240.16
O Claims renumbered in the same order as presented by applicant O CPA O T.D. O R.1.47
Final Original Final Original Final Original Final Original Final Original Final Original Final Original Final Original
1 12 17 - 33
2 13 18 - 34
3 14 19 - 35
1 4 15 20 - 36
2 5 16 21 23 37
3 6 19 22
4 7 20 23
5 8 21 24
6 9 22 25
7 10 17 26
8 11 18 27
9 12 28
10 13 29
1M 14 30
15 31
16 32
NONE
Total Claims Allowed:
23
(Assistant Examiner) (Date)
/GIMS PHILIPPE/
Primary Examiner.Art Unit 2485 12/13/2011 O.G. Print Claim(s) O.G. Print Figure
(Primary Examiner) (Date) 1 5

U.S. Patent and Trademark Office Part of Paper No. 20111213
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EAST Search History (Prior Art)
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commissioner for Patents

P.O. Box 145¢ :

Alexandria, Virginia 22313-1458

or Fax (571)-273-2888

NSTRUCTIONS: This form should be nsed for transmiltng the 19SUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where
appropriate. Al further correspondence: tncluding the Patent, advance orders and notification of maintonsuce fees will be mailed to the current torrespandence address as
indicated unless corsected below or directed otherwise in Biock 1, by {a) specifying a new comespondence address; andfor (b) indicaiing 2 separate PER ADDRESS" for
maintenance fee notifications. .

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for dny shavge of address) Note: A cortificats of mailing can only be used for domestic mailings of the
Pee(s) Transmittal, This certificate cannet be used for any other accompanying
E)apers. Each additionat paper, such as an ssignment or formal drawieg, must
have its own certificate of mailing or transmission,

10945 7590 032012

NOKIA CORPORATION Certificate of Mailing ox Transmission
o W Fressola. Van Der Shivs & Adolphsan LLP 1 hereby certify that this Fee(s) Transmittal is being deposited with the United
¢/o Ware, FIessol, Yan Der diuys & Adopason L Séa!ms %s!al grviﬁ: j\wtsh sutI Sc,zc;}\i p;ztggc f’gr first glass maﬁbﬁs} an tc_:qulogc
Building Five, Bradford Green addressed to the Mail Stop ISSUE FEE address above, or being facsinle
~ o . transmitizd to the USPTO (371) 273-2883, on the date indicated below.
755 Main Street, PO Box 224 ransimit ©Th) 273288
Menme, CT 06468 {Dipisitar’s name}
{Signatore}
{Dite)
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FORM PTO-1449
INFORMATION DISCLOSURE STATEMENT

ATTY DOCKET NO.
944-001.107-2

SERIALNO. 11/881, 367
To be assigned

APPLICANTS: Jani Lainem

a

FILING DATE:
herewith

ART UNIT: to be assigned

UNITED STATES PATENT DOCUMENTS

EXAM.

DOCUMENT

FILING DATE IF
INITIAL NUMBER DATE 595 | INVENTOR/ASSIGNEE | CLASS | SUBCLASS | APPROPRIATE
| /GP/ 3| ], US.5231484 July 27, 288t |Gonzales et al. 358 133
b ok | US.5751358 | May 12, 1988 |Suzukietal 348 405
SRR/ U.S. 5,054,103 Oct. 1,1991 |Yasuda et al. 382 56
/1472012 U.S. 5,144,426 Sept. 1, 1992 [Tanaka et al. 358 133
U.S. 5,715,009 Feb. 3, 1998 [Taharaetal. 348 423
U.S. 6,256,349 July 3, 2001 | Suzuki et al. 375 240.18
U.S.5237,410 | Aug. 17,1993 |Inoue 358 136
U.S. 2003/152146 | Aug. 14,2003 |Linetal. 375 240.16
1GP/ U.S. 6,677,868 Jan. 13,2004 |Kerofsky et al. 341 107
FOREIGN PATENT DOCUMENTS
DOCUMENT TRANSLATION
NUMBER DATE COUNTRY CLASS | SUBCLASS YES/INO
\\
\N
|
M M

OTHER DOCUMENTS (INCLUDING AUTHOR, TITLE, DATE, PERTINENT PAGES, ETC.)

=
T

“Joint Model Number 1 (JM-1)", Doc. JVT-A003, Appendix B; Joint Video Team (JVT) of ISONEC MPEG and
ITU-T VCEG; January 2002; pp. 1-79.

Examiner (To be assigned)

/Gims Philippe/

Date:

12/27/2011




PATENT
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

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

REVOCATION OF POWER OF ATTORNEY
AND NEW POWER OF ATTORNEY BY ASSIGNEE
AND CHANGE OF CORRESPONDENCE ADDRESS
NOKIA CORPORATION, the Assignee of record hereby revokes all powers of

attorney previously granted with respect to each of the United States patent applications
identified in Schedule A attached hereto, and appoints the practitioners associated with
the Customer Number provided below to prosecute the noted applications and to
transact all business in the Patent and Trademark Office connected therewith, and
directs that all correspondence be addressed to that Customer Number:

Customer Number 10949

with full power of substitution and revocation to transact all business in the Patent and
Trademark Office in connection therewith.
Please direct telephone calls to the attention of:
Guy R. Gosnell
Registration No. 34,610
Tel Charlotte Office (704) 444-1000
Fax Charlotte Office (704) 444-1111
NOKIA CORPORATION, the assignee of record, hereby elects under 37 C.F.R.
§ 3.71 to prosecute these patent applications and certifies that it is the assignee of the
entire right, title, and interest in each United States patent application noted in Schedule
A by virtue of an assignment from the inventor(s) to Nokia Corporation.
As required by 37 CFR 3.73(b)(1)(ii), the documentary evidence of the chain of
title from the original owner to the assignee was submitted for recordation pursuant to 37
CFR 3.11, and the reel and frame numbers confirming recordation in the US Patent

Office are provided in Schedule A.
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The undersigned (whose title is supplied below) is empowered to sign this
certificate on behalf of the Assignee.

Assignee of Record:

NOKIA CORPORATION
— |
e e e D st

Print Name: Thomas Arria

Title:  Senior | /Spemahst
Date:

CUSTOMER NoO. 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

LEGALO1/13180529v2
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SCHEDULE A
Revocation of Power of Attorney and New Power of Attorney
By Assignee Nokia Corporation

. Attorney - Conf. Assignment
Nokia Ref. Docket No. Appl. No. Filing Date No. Reel/Frame

17604-US-DIV 042933/417395 | 11/881,367 7/26/2007 1389 014385/0356-(Recorded in
parent Appl. No. 10/421,629)

17623-US-CNT 042933/417396 | 11/408,908 4/21/2006 9810 013204/0473-(Recorded in
parent Appl. No. 10/171,467)

17623-US-DIV 042933/417397 | 11/901,667 9/17/2007 6699 014507/0298-(Recorded in
parent Appl. No. 10/459,126)

18786-US-CNT 042933/417398 | 12/862,240 8/24/2010 3651 016120/0739-(Recorded in
parent Appl. No. 10/496,601)

19129-US-CNT 042933/417399 | 12/899,701 10/7/2010 6341 015290/0912-(Recorded in
parent Appl. No. 10/763,805)

19460-US-PCT 042933/417400 | 10/516,887 7/25/2005 6812 017174/0670

19770-US-PCT 042933/417402 | 10/548,741 6/19/2006 4726 018021/0729

31695-US-PCT 042933/417403 | 12/086,730 10/23/2008 2649 021303/0633

32135-US-PCT 042933/417404 | 10/516,870 8/25/2005 2379 016058/0188

32154-US-PCT 042933/417405 10/530,952 12/15/2005 2243 016313/0610

32546-US- 042933/417406 11/453,791 6/14/2006 6786 012487/0487-(Recorded in

CNT[2] parent Appl. No. 09/777,521)
018906/0442

33008-US-NP 042933/417407 10/187,393 6/27/2002 3451 013373/0858

33867-US-PCT 042933/417408 | 10/584,381 4/11/2007 1277 019242/0147

35592-US-CNT 042933/417409 | 10/781,325 2/17/2004 9454 012934/0016-(Recorded in
parent Appl. No. 10/115,268)

35910-US-CIP 042933/417410 10/291,192 11/8/2002 2503 015179/0217

35949-US-NP 042933/417411 10/621,259 7/15/2003 9729 014503/0102

36003-US-NP 042933/417412 10/255,560 9/25/2002 1646 013711/0626

36416-US-CNT 042933/417413 | 12/803,098 6/17/2010 6026 015157/0543
016214/0041

36457-US-NP 042933/417414 | 10/782,372 2/18/2004 3558 015574/0165

36516-US-NP 042933/417415 | 10/854,765 5/26/2004 5937 015932/0380

36531-US-NP 042933/417416 | 10/602,540 6/23/2003 1200 014793/0040

36561-US-NP 042933/417417 10/656,886 9/4/2003 1554 014947/0715

36762-US-REI 042933/417418 13/411,189 3/2/2012 1400 015308/0324-(Recorded in
parent Appl. No. 10/705,077)

37097-US-NP 042933/417419 | 10/746,843 12/24/2003 9210 015339/0994

37250-US-NP 042933/417422 | 11/015,755 12/16/2004 4222 015700/0477

37293-US-NP 042933/417423 | 10/692,290 10/23/2003 7122 014970/0234

37298-US-CNT 042933/417424 | 12/150,307 4/25/2008 5670 014970/0221-(Recorded in
parent Appl. No. 10/692,291)

37298-US-NP 042933/417425 | 10/692,291 10/23/2003 4222 015700/0477

37379-US-NP 042933/417427 | 11/049,638 2/1/2005 7063 016664/0093

37692-US-NP 042933/417428 | 12/084,677 5/5/2008 1655 020946/0937

Signature: f

%

Thomas Arria
Date: 7“//{2’
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SCHEDULE A
Revocation of Power of Attorney and New Power of Attorney
By Assignee Nokia Corporation

Nokia Ref. paporney Appl.No. | Filing Date | Son* Asslgnment

41039-US-CNT 042933/417429 | 12/804,803 7/28/2010 1349 016173/0026-(Recorded in
parent Appl. No. 11/039,058)

41627-US-PCT 042933/417430 | 12/227,313 2/18/2009 6491 022136/0839

42325-US-PCT 042933/417431 11/922,647 12/20/2007 7744 021015/0428

42722-US-PCT 042933/417432 | 10/560,675 2/23/2007 2319 020187/0821

43008-US-NP 042933/417433 | 10/782,399 2/18/2004 4342 014772/0120

43056-US-NP 042933/417434 | 10/668,105 9/22/2003 7632 014876/0767

43143-US-PCT 042933/417435 | 10/582,833 6/14/2006 6761 018002/0366

43315-US-NP 042933/417436 | 10/805,678 3/18/2004 8566 015663/0499

43496-US-CNT 042933/417437 | 12/459,138 6/25/2009 3296 014928/0896

43672-US-NP 042933/417438 | 11/129,655 5/13/2005 9878 016880/0279

43683-US-NP 042933/417439 | 10/875,079 6/23/2004 7893 015103/0979

43884-US-NP 042933/417440 | 11/063,664 2/22/2005 6687 016574/0554

43930-US-CNT | 042933/417441 12/433,326 4/30/2009 8856 015104/0019-(Recorded in
parent Appl. No. 10/841,888)

43930-US-NP 042933/417442 | 10/841,888 5/7/2004 221 015104/0019

44032-US-CNT 042933/417444 | 13/240,499 9/22/2011 6174 020099/0269-(Recorded in
parent Appl. No. 11/597,003)

44138-US-PCT 042933/417445 | 12/083,576 2/5/2009 1272 021413/0001

44156-US-NP 042933/417446 | 11/057,118 2/11/2005 2509 016215/0204

44183-US-CNT 042933/417448 | 12/924,456 9/27/2010 9678 016568/0609-(Recorded in
parent Appl. No. 11/057,065)

44311-US-NP 042933/417449 | 11/107,334 4/15/2005 4541 016775/0074

44367-US-NP 042933/417450 | 10/806,023 3/22/2004 9971 014865/0148

44521-US-PCT 042933/417451 11/665,971 2/12/2008 2568 020157/0126

44723-US-NP 042933/417452 | 10/985,725 11/10/2004 4767 015700/0701

44842-US-PCT 042933/417453 | 11/988,184 5/22/2009 3458 022720/0669

44895-US-PCT 042933/417454 | 11/631,235 12/28/2006 1773 018752/0973

47246-US-NP 042933/417456 | 11/099,981 4/5/2005 9638 016278/0473

47246-US-PCT 042933/417457 | 11/887,973 10/4/2007 1008 019979/0535

47657-US-DIV 042933/417458 | 13/373,304 11/9/2011 5069 018287/0484-(Recorded in
parent Appl. No. 11/453,268)

47780-US-PCT 042933/417459 | 12/225,528 10/7/2009 8931 023342/0334

48027-US-NP 042933/417460 | 11/069,749 2/28/2005 6588 016272/0733

48047-US-DIV 042933/417461 12/462,775 8/6/2009 1927 015433/0476-(Recorded in
parent Appl. No. 10/903,489)

48096-US-NP 042933/417462 | 11/207,610 8/19/2005 6644 017096/0057

48246-US-PCT 042933/417463 | 11/791,508 2/21/2008 3083 020596/0232

48371-US-NP 042933/417464 | 10/958,671 10/4/2004 9747 015581/0976

48710-US-NP 042933/417466 | 11/331,433 1/11/2006 7226 017673/0016

Signature: f e

Thomas Arria

Date: Z{// t// [ 9\
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SCHEDULE A
Revocation of Power of Attorney and New Power of Attorney
By Assignee Nokia Corporation

Nokia Ref. pottorney Appl.No. | FilingDate | Son* Aesignment
48785-US-NP 042933/417467 11/292,752 12/1/2005 3505 017304/0484
48785-US-PCT 042933/417468 11/720,973 8/26/2009 5247 023147/0996
49035-US-NP 042933/417469 11/342,261 1/26/2006 3080 017851/0828
49044-US-NP 042933/417470 11/177,250 7/8/2005 3584 017029/0571
49054-US-PCT 042933/417471 11/992,242 4/27/2009 6693 022639/0259
49481-US-NP 042933/417472 11/391,723 3/27/2006 4295 018051/0632
49486-US-NP 042933/417473 11/404,106 4/13/2006 8328 018111/0692
49784-US-PCT 042933/417474 11/921,533 6/22/2009 6581 022855/0520
49786-US-NP 042933/417475 11/181,690 7/13/2005 2855 017096/0050
49937-US-PCT 042933/417476 12/223,245 1/21/2011 6651 021445/0489
49952-US-PCT 042933/417477 12/086,667 4/5/2010 9174 024186/0809
50057-US-PCT 042933/417478 12/083,652 4/1/2009 1525 022485/0738
50121-US-PCT 042933/417479 11/989,376 1/23/2009 4927 020739/0576
50470-US-NP 042933/417480 11/594,030 11/6/2006 3615 018801/0532
50534-US-NP 042933/417481 11/359,963 2/21/2006 8066 017918/0673
50854-US-NP 042933/417482 11/256,667 10/21/2005 6431 017424/0892
50922-US-PCT 042933/417483 12/085,124 8/1/2009 6006 021202/0275
51033-US-NP 042933/417484 11/409,517 4/20/2006 1145 019330/0889
51489-US-NP 042933/417485 11/349,745 2/7/2006 6386 017843/0458
51653-US-DIV 042933/417486 12/803,094 6/18/2010 9944 018342/0334
51684-US-PCT 042933/417487 12/223,750 2/2/2009 2526 022232/0640
51739-US-NP 042933/417488 11/824,598 6/29/2007 2516 019724/0843
51932-US-NP 042933/417489 11/431,144 5/9/2006 5476 018068/0475
52483-US-NP 042933/417490 11/515,499 9/1/2006 5402 018600/0264
52612-US-CNT 042933/417491 12/930,669 1/11/2011 6002 018206/0174
45534-US-CNT 042933/417455 13/406,866 2/28/2012 5828 020977/0334-(Recorded in

parent Appl. No. 11/918,690)

52713-US-PCT 042933/417492 12/311,303 11/3/2009 9037 022517/0636
52800-US- 042933/417493 12/227,730 9/25/2009 6218 023310/0961
PCTJ[2

5280[ 1 }US-PCT 042933/417494 12/227,738 10/19/2009 1452 023420/0211
52805-US-PCT 042933/417495 12/227,728 3/10/2010 1352 024077/0158
52897-US-NP 042933/417496 11/453,568 6/14/2006 5299 018195/0814
53047-US-NP 042933/417497 11/436,202 5/16/2006 6336 018237/0891
53049-US-NP 042933/417498 11/424,042 6/14/2006 6876 018383/0347
53115-US-NP 042933/417499 11/486,856 7/14/2006 5380 018203/0800
53474-US-NP 042933/417500 11/5623,140 9/19/2006 3973 018435/0142
55179-US-NP 042933/417501 11/978,207 10/26/2007 4846 020390/0651

Signature: <

omas Arria

Th
Date: (7;//////&
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SCHEDULE A
Revocation of Power of Attorney and New Power of Attorney
By Assignee Nokia Corporation

Nokia Ref. oaorney Appl.No. | FilingDate | o7 osionment
55879-US-NP 042933/417502 | 11/725,169 3/15/2007 3685 019426/0787
56029-US- 042933/417503 | 11/505,539 8/16/2006 009222/0221-(Recorded in
CNT{[2] parent Appl. No. 09/087,253)
012875/0306-(Recorded in
parent Appl. No. 09/087,253)
018367/0245-(Recorded in
parent Appl. No. 09/087,253)
019206/0370
56622-US-NP 042933/417504 | 12/008,703 1/10/2008 1734 020725/0704
57397-US-PCT 042933/417505 | 12/665,403 4/21/2010 1843 024224/0773
61143-US-NP 042933/417506 | 12/005,038 12/20/2007 2188 020628/0637
62320-US-NP 042933/417507 | 12/164,587 6/30/2008 1578 021589/0617
62513-US-NP 042933/417508 | 12/069,447 2/7/2008 6814 020885/0589
62700-US-NP 042933/417509 | 12/074,545 3/3/2008 7792 021093/0904
62893-US-NP 042933/417510 | 12/080,790 4/4/2008 5470 021065/0802
63627-US-NP 042933/417511 12/157,674 6/12/2008 8454 021144/0503
63751-US-NP 042933/417512 12/157,169 6/5/2008 6157 021256/0795
64173-US-NP 042933/417513 | 12/202,262 8/30/2008 1982 021826/0113
64305-US-PCT 042933/417514 | 12/736,515 10/13/2010 3344 025151/0453
64314-US-PCT 042933/417515 | 12/988,644 10/20/2010 3119 025199/0702
64427-US-NP 042933/417516 | 12/381,152 3/6/2009 1152 022651/0225
64674-US-NP 042933/417517 | 12/321,011 1/13/2009 5341 022480/0035
65129-US-NP 042933/417518 | 12/317,070 12/18/2008 9047 022424/0484
65148-US-CIP 042933/417519 | 12/586,995 9/29/2009 7159 024295/0480
65148-US-NP 042933/417520 | 12/319,933 1/13/2009 8750 022178/0424
65199-US-NP 042933/417521 12/319,968 1/13/2009 9683 022176/0254
65440-US-NP 042933/417522 12/321,371 1/15/2009 5608 022544/0784
66100-US-NP 042933/417523 | 12/339,386 12/19/2008 7112 022356/0080
66252-US-NP 042933/417524 | 12/470,855 5/22/2009 4689 023028/0764
66436-US-NP 042933/417525 | 12/339,526 12/19/2008 7382 022123/0964
66461-US-NP 042933/417526 | 12/459,086 6/25/2009 3014 022929/0709
66548-US-NP 042933/417527 | 12/387,313 4/29/2009 4729 023021/0950
66647-US-NP 042933/417528 | 12/339,351 12/19/2008 7051 022363/0880
67421-US-NP 042933/417529 | 12/386,472 4/16/2009 5746 022665/0750
69421-US-NP 042933/417530 | 12/459,022 6/24/2009 3022 023225/0445
71570-US-NP 042933/417531 12/806,672 8/17/2010 4424 025139/0227
71802-US-NP 042933/417533 | 12/858,905 8/18/2010 6863 025096/0652

Signature: 4V QL/\

Thomas A

Date:
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NOKIA

el 4358 Il
Fax +358 71803

Eunniass Herhry Lok
112023 -4, Hetanet

WHND QDT

LIMITED POWER OF ATTORNEY

that we, the undersigned, under the authority granted to each of us to sign
jointly on behaif of

NOKIA CORPORATION
Ketlalahdentie 4
02150 Espoo
Finland

hereby authorize the following person

Thomas Arria
Nokia Corporation
S Wayside Road
01803 Burlington
US.A

in his capadity as Senior IP Specialist, Patenting, to sign alone in the name of
Nokia Corporation all the documents that relate to the filing, prosecution and
registration of patent applications, as well as post-grant operations reiating to
patents granted based on such patent applications. Such documents may include
without limitation case-specific Powers of Attorney, Assignment Deeds for as-
signing the ownership of an invention to Nokia, Novelty Declarations and Inven-

torship Declarations.

The rights granted under this Power of Attorney may not be transferred further,
other than as specified above.

The authority granted by this Power of Attorney shall expire six (6) months from
the date of execution.

Notwithstanding the foregoing, the authority granted by this Power of Attorney
shall expire when the authorized person’s employment with Nokia ends.

This Power of Attorney is duly signed on this day of January 1, 2012.

NOKIA (ORPORATION

By: ) By:

Name: Harri Honkasalo Name: Paul Melin

Titie: Director, Title: Vice President,

Legal and Intellectual Property Legal and Intellectual Property
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10945
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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.
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| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
11/881,367 05/08/2012 8175148 944-001.107-2 1389
10945 7590 04/18/2012
NOKIA CORPORATION

c/o Ware, Fressola, Van Der Sluys & Adolphson LLP
Building Five, Bradford Green

755 Main Street, PO Box 224

Monroe, CT 06468

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 1320 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(Ss) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants):

Jani Lainema, Irving, TX;

IR103 (Rev. 10/09)
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CONFIRMATION NO. 1389
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Nokia Corporation and Alston & Bird LLP
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000000056935212

c/o Alston & Bird LLP
Bank of America Plaza, 101 South Tryon Street 0000

Suite 4000

Charlotte, NC 28280-4000
Date Mailed: 10/09/2012

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 04/11/2012.
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.

/snguyen/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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APPLICATION NUMBER | FILING OR 371(C) DATE | FRSTNAMED APPLICANT | ATTY.DOCKETNO/TITLE ]
11/881,367 07/26/2007 Jani Lainema 944-001.107-2
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c/o Ware, Fressola, Van Der Sluys & Adolphson LLP
Building Five, Bradford Green 00000
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Date Mailed: 10/09/2012

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 04/11/2012.

* The Power of Attorney to you in this application has been revoked by the assignee who has intervened as
provided by 37 CFR 3.71. Future correspondence will be mailed to the new address of record(37 CFR 1.33).

/snguyen/

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

page 1 of 1



Alston & Bird LLp

Bank of America Plaza
101 South Tryon Street, Suite 4000
Charlotte, NC 28280-4000
(704) 444-1000
Fax (704) 444-1111

February 6, 2013

Certificate of Correction Branch
Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Re:  United States Patent for Method And Device for Indicating
Quantizer Parameters In A Video Coding System
Application No. 11/881,367; Filed July 26, 2007
Patent No. 8,175,148; Issued May 8, 2012
Our File 042933/417395

Sir:

It is respectfully requested that a Certificate of Correction be issued for the above-
identified patent, in accordance with 37 C.F.R. §1.322. This request is made in order to correct
the mistakes incurred through the fault of the United States Patent and Trademark Office
("USPTO").

The mistakes appearing in the patent are set forth on the Certificate of Correction e-filed
herewith.

Respectfully submitted,
GuyR. M
Registration No. 34,610
GRG:mhf
Enclosure

LEGAL02/33912580v1




UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 8,175,148 B2 Page 1 of 1
APPLICATION NO. : 11/881,367

ISSUE DATE : May 8, 2012

INVENTOR(S) : Lainema

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:

Drawings,
Sheets 5 and 6 should be deleted to be substitued with the attached sheets 5 and 6, as shown on the

attached pages.

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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Electronic Acknowledgement Receipt

EFS ID: 14887751

Application Number: 11881367

International Application Number:

Confirmation Number: 1389

METHOD AND DEVICE FOR INDICATING QUANTIZER PARAMETERS IN A VIDEO

Title of Invention: CODING SYSTEM

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: 042933/417395
Receipt Date: 06-FEB-2013
Filing Date: 26-JUL-2007
Time Stamp: 12:01:18
Application Type: Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document Document Description File Name File Slze(B){tes)/ Multl. 'Pages
Number Message Digest | Part/.zip| (ifappl.)
97073
1 Request for Certificate of Correction coc417395.PDF no 4
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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.




» SPE RESPONSE FOR CERTIFICATE OF CORRECTION

: S P No.:
e A A% e

TOSPEOF  :ART UNIT&H@Q‘_ ,
SUBJECT : Request for Certificate of Correction for Appl. No.:\"l l g}; l( gd l Patent No.f% {75 ) lg

COCIN mailroom date: \ L
V4

-Please respond to this request for a certificate of correction within 7 days.

FOR IFW FILES: &\b\ﬁ NS e o o0 mﬂﬁ\

Please review the requested changes/corrections as shown in the COCIN document(s) in
the IFW application image. No new matter should be introduced nor should the scope or
meaning of the claims be changed.

Please complete the response (see below) and forward the completed response to scanning
using document code COCX.

FOR PAPER FILES:

Please review the requested changes/corrections as shown in the attached certificate of
correction. Please complete this form (see below) and forward it with the file to:

Certificates of Correction Branch (CofC)
Randolph Square - 9D10-A
Palm Location 7580

In particular note:

703-756-1814
Thank You For Your Assistance

The request for issuing the above-identified correction(s) is hereby:
Note your decision on the appropriate box.

Q Approved All changes apply.
O Approved in Part , Specify below which changes do not apply.
U Denied State the reasons for denial below.
Comments:
SPE Art Unit

PTOL-306 (REV. 7/03) US. DEPARTMENT OF COMMERCE Patent and Trademark Office




SPE RESPONSE FOR CERTIFICATE OF CORRECTION
’ ePaper No.:
. -DATE : Eeb, 27- 2014

TO SPE OF : ART UNIT 2489
SUBJECT : Request for Certificate of Correction for Appl. No.:11881,367 Patent No.:8,175,148

COCIN mailroom date 2-6-2013
Please respond to this request for a certificate of correction within 7 days.

FOR IFW FILES: should cofc be approved

Please review the requested changes/corrections as shown in the COCIN document(s) in
the IFW application image. No new matter should be introduced nor should the scope or
meaning of the claims be changed.

Please complete the response (see below) and forward the completed response to scanning
using document code COCX.

FOR PAPER FILES:

Please review the requested changes/corrections as shown in the attached certificate of
correction. Please complete this form (see below) and forward it with the file to:

Certificates of Correction Branch (CofC)
Randolph Square — 9D10-A
Palm Location 7580

In particular note:

Ennis Young

Certificates of Correction Branch
. 571-272-3435 (FAX) 571-270-9946
Thank you for your assistance!

The request for issuing the above-identified correctlon(s) is hereby:
Note your decision on the appropriate box.

X Approved All changes apply.
O Approved in Part Specify below which changes do not apply.
O Denied State the reasons for denial below.

Comments: The request for Certificate of Correction has been approved by the Examiner, /G.P/_

SPE Art Unit

PTOL-306 (REV. 7/03) ] U.S. DEPARTMENT OF COMMERCE Patent and Trademark Office



UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 8,175,148 B2 Page 1 of4
APPLICATION NO. : 11/881367

DATED : May 8, 2012

INVENTOR(S) : Lainema

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

Delete the title page and substitute therefore with the attached title page consisting of corrected
illustrative figure.

Drawings,
Sheets 5 and 6 should be deleted to be substituted with the attached sheets 5 and 6, as shown on the

attached pages.

Signed and Sealed this
Thirtieth Day of September, 2014

Debatle Z Lo

Michelle K. Lee
Deputy Director of the United States Patent and Trademark Olffice
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