(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Burcau

(10) International Publication Number

WO 2005/069632 Al

(43) International Publication Date
28 July 2005 (28.07.2005)

(51) International Patent Classification’: HO4N 7/26 (74) Agent: HARTNACK, Wolfgang; Deutsche Thom-
son-Brandt GmbH, FEuropean Patent Operations,

(21) International Application Number: Karl-Wiechert-Allee 74, 30625 Hannover (DE).

PCT/EP2004/012480
(81) Designated States (unless otherwise indicated, for every
(22) International Filing Date: kind of national protection available): AE, AG, AL, AM,
4 November 2004 (04.11.2004) AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
(25) Filing Language: English GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD,
(26) Publication Language: English MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, PG,
PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ, TM,
(30) Priority Data: TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM,
04290022.5 5 January 2004 (05.01.2004)  EP ZW.

. . (84) Designated States (unless otherwise indicated, for every
(71) Applicant (for all designated States except 'US): THOM- kind of regional protection available): ARIPO (BW, GH,
SON LICENSING S.A. [FR/FR]; 46 Quai A. le Gallo, GM, KE, LS, MW, MZ, NA, SD, SL. SZ. TZ, UG, ZM,

F-92100 Boulogne-Billancourt (FR). ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),

European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
(72) Inventors; and ] FR, GB, GR, HU, IE, IS, IT, LU, MC, NL, PL, PT, RO, SE,
(75) Inventors/Applicants (for US only): SCﬂWARZ, Heiko SI, SK, TR), OAPI (BF, B, CF, CG, CI, CM, GA, GN, GQ,
[DE/DE]; Klaustaler Str. 30, 13187 Berlin (DE). HINZ, GW, ML, MR, NE, SN, TD, TG).
Tobias [DE/DE]; Auerstr. 41, 10249 Berlin (DE). WIE-
GAND, Thomas [DE/DE]; Nuernberger Str. 18, 10789  Published:
Berlin (DE). —  with international search report

[Continued on next page]

(54) Title: ENCODING METHOD, DECODING METHOD, AND ENCODING APPARATUS FOR A DIGITAL PICTURE SE-
QUENCE

Input Coder
Video 10
Slgnal FRM Clonltrol Control
s ] g em—mm e » Data
i VS U Tr;\n;fotm/ QTCCD N
u ———»| scal/Quant. 2 Quant.
< T Y Transf. coeffs \
st AN NN NS &St
Split into Decoder PNGN\Y Scaling & Inv. ‘\
Macroblocks i,\\ 3 ._ Q + Transform
16 i N NN %
X16 pixels r% & i\ \Qﬂl EOVS
NN Entropy
\ %%& Coding ’
%\ l\ \\ NN 9
N\ \\ Debiocking
R Filter
N Intra-frame
X Prediction N \
& ” \$ \B&S\Output
Motion- Video DOVS
I\ < Compensation [XX Y Signal
) N
Q NN 3
AT R o
1 ___» Motion
Data
o Motion- » MD
"l  Estimation ‘18

(57) Abstract: In order to achieve a constant video quality, the anchor and non-anchor frames of different frame types (I, P, and B)
& are encoded using a different number of bits. However, since video sequences generally contain widely varying picture content and
& previously coded frames are used to predict a given frame, a suitable assignment of frame target bit rates is hard to determine, espe-
cially for non-anchor frames. According to the invention, non-anchor frames are coded using a fixed quantisation parameter. Since
the quantisation parameter used for the encoding of non-anchor frames is directly derived from the average quantisation parameter
of the previously encoded anchor frame, such approach ensures a constant video quality. Beside of that, the complexity of the rate
g control strategy is reduced, because no macroblock-level rate control is applied for the encoding of non-anchor frames.

5/069632 A1 | IV 00 0 O



WO 2005/069632 A1 I} H1I0 Y NDVYH) T 000 0 000 AR

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gagzette.



10

15

20

25

30

35

WO 2005/069632 PCT/EP2004/012480

ENCODING METHOD, DECODING METHOD, AND ENCODING APPARATUS FOR A DIGITAL PICTURE S

EQUENCE

The invention relates to an encoding method and a decoding
method and to an encoding apparatus for a digital picture
sequence, wherein the frames of said picture sequence are
arranged in macroblocks containing pixel blocks and the

frames are encoded using B, P and I coding types.

Background

Video sequences generally contain widely varying picture
content and previously coded frames are used to predict a
current ffame. In block-based hybrid video coders such as
ITU-T and ISO/IEC JTCl, “Generic coding of moving pictures
and associated audio information - Part 2: Video”, ITU-T
Recommendation H.262 — ISO/IEC 13818-2 (MPEG-2 Visual), Nov.
1994,

ITU-T, “Wideo coding for low bitrate communication,” ITU-T
Recommendation H.263, version 1, Nov. 1995, version 2, Jan.
1998,

ISO/IEC JTCl, “Coding of audio-visual objects - Part 2: Vis-
ual,” ISO/IEC 14496-2 (MPEG-4 Visual version 1), Apr. 1999,
Amendment 1 (version 2), Feb. 2000, ‘

T. Wiegand (ed.), “Joint Final Committee Draft (JFCD) of
Joint Video Specification (ITU-T Rec. H.264 | ISO/IEC 14496-
10 AVC)”, Joint Video Team (JVT) of ISO/IEC MPEG and ITU-T
VCEG, JVT-D157, July 2002,

the distortion of a macroblock as well as the number of bits
required for encoding it is mainly controlled by the macro-
block’s quantisation parameter. The general objective of a
rate control mechanism is to provide the best possible video
quality while keeping given conditions on transmission rate
and decoding delay. Typically, a rate control includes a

frame-layer control and a macroblock-layer control. In order
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fo achieve a constant video quality, the anchor frames and
the non-anchor frames of different coding types (I (intra-
coded), P (predictive coded) and B (bi-directionally-
predictive coded)) must be encoded using a different number
of bits for each coding type. E.g. in MPEG-2 Visual, the
code for an encoder input frame that is to be encoded as P
type, which frame is at encoder input preceded by a frame
that is to be encoded as B type, is output by the encoder
pefore the code for the B frame is output because the P
frame must be reconstructed in the decoder before the B
frame can be reconstructed based on the reconstructed P
frame. While the frame-layer control assigns a target number
of bits for a frame so that the conditions on transmission
rate and decoding delay are kept, the macroblock-layer con-
trol selects the macroblock guantisation parameters in a way

that this target is achieved.

A widely used method for setting the target number of bits
when coding different frame types is the frame-layer rate
control as specified in Test Model 5 (ISO/IEC JTC1/SC29/
WG11/N0400, “Test Model 5, Draft Revision 27, April 1993).
This document describes an encoder strategy for MPEG-2 Vis-
uwal. The assignment of frame targets is based on so-called
global complexity measures. For .each frame type (I, P, B)
there exists a specific complexity measure, which is updated
after the encoding of each frame of the respective frame
type. The target number of bits for each frame is determined
by weighting the number of available bits for (the remaining
frames of) a group of pictures using these global complexity

measures.

Invention

However, this concept has a general disadvantage in that a

reasonable distribution (with the objective of constant sub-
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jective video quality) of the available bit budget to dif-
ferent frame types is not feasible since the decision is
based on measurements for a different interval of time. In
particular, the frame targets for bi-directionally coded
frames (or, more general, non-anchor frames) are difficult
to determine, and if applied to more recent video coding
standards like H.263 (with Annex 0), MPEG-4 Visual or H.264/
AVC, the problem arises that the macroblock-layer rate con-
trol for non-anchor frames becomes ineffective especially at
low bit-rates, because a large fraction of the macroblocks
is coded without transform coefficients and thus the macro-

block quantisation parameters cannot reasonably be adjusted.

In applications requiring a very low decoding delay the cod-
ing order of frames should be the same as the display order,
hence 'classical' B frames as defined in MPEG-2 Visual,
H.263 (with Annex O), or MPEG-4 Visual cannot be used. In
JVT/H.264 the concept of bi-directional B pictures is gener-
alised to bi-predictive B pictures, but 'classical' bi- ’
directional pictures are still supported. For such class of
very low-delay applications, the global rate control algo-
rithm must assign a nearly constant target number of bits to

each frame.

In applications which do not require a very low decoding de-
lay, the main objective of the frame-layer rate control is
to assign the frame bit number targets versus the different
frame or picture types in such a way that a constant subjec-
tive video guality level is kept over the different frame or
picture types. In real-time applications that do not allow a
complex analysis or a pre-coding of several frames, this
decision is to be made on the basis of previously coded
frames. However, due to the widely varying picture content
of video sequences, decisions based on a different interval
of time are often unsuitable, and due to the fact that one

or more previously coded pictures are used for predicting a
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given picture, there is no simple model that can be used for
determining the related optimum target number of bits for
different frame types. Especilally if non-anchor frames are
used, a reasonable distribution of the bit budget among the

different frame types cannot suitably be estimated.

A problem to be solved by the invention is to provide an im-
proved bit rate control such that a constant subjective
video coding or decoding quality over different frame or
picture types is achieved. This problem is solved by the en-
coding method disclosed in claim 1 and by the decoding
method disclosed in claim 10. An apparatus that utilises

this encoding method is disclosed in claim 2.

The invention concerns frame-layer rate control for applica-
tions in which the delay constraint is relaxed so that the
frames of a video sequence need not be encoded in the dis-
play order that is output at decoder side, and wherein the
target number of bits for a group containing one anchor
frame and several non-anchor frames (e.g. 'B..BP' in the

classical B-frame case) is not required to be constant.

According to the invention, the problem of assigning before
encoding a target number of bits to frames of each type is
circumvented. Instead, non-anchor frames are encoded using a
fixed quantisation parameter, and no macroblock-layer rate
control is ‘used. The quantisation parameter used for the en-
coding of non-anchor frames or a single non-anchor frame in
a current group of frames is directly derived from the aver-
age quantisation parameter of the previously encoded anchor
frame belonging to that group (which anchor frame will fol-
low that non-anchor frames in display order at decoder
side). Thereby, advantageously, a nearly constant (objec-
tive) video quality can be ensured. The distribution of the
bit budget among different frame types can be controlled by

setting suitable target rates for the anchor frames only.
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A high-level global rate control must only assign a target
number of bits to the above-mentioned frame or picture
groups consisting of a single anchor frame (picture) and
several non-anchor frames (pictures) which follow that an-
chor frame (picture) in coding order and precede it in dis-
play order, e.g. 'B...BI' and 'B...BP' in the classical B
frame case. This kind of bit distribution can be controlled
significantly easier than the known separate bit distribu-
tion among frames including all coding types I, P, and B.
In other words, non-anchor frames are coded using a fixed
quantigation parameter. Since the quantisation parameter
used for the encoding of non-anchor frames is directly de-
rived from the average quantisation parameter of the previ-
ously encoded anchor frame, such approach ensures a constant
video quality. Beside of that, the complexity of the rate
control strategy is reduced, because no macroblock-level
rate control is applied for the encoding of non-anchor

frames.

In principle, the inventive encoding method is related to
digitally encoding a picture sequence, wherein the frames of
said picture sequence are arranged in macroblocks containing
pixel blocks and the frames are encoded in bi-directionally-
predictive and predictive and/or intra coding types denoted
B, P and I, respectively, and wherein adaptively, for the
purpose of overall bit rate control, a specific frame target
number of bits is assigned to each one of these coding
types, and wherein said overall bit rate control includes a
frame-layer rate control and a macroblock-layer rate control
which macroblock-layer rate control selects macroblock quan-
tisation parameters, said method including the steps:

- assigning a target number of bits to anchor frames only,
or to each group of frames consisting of a single anchor
frame and at least one non-anchor frame;

- coding anchor frames using macroblock-layer rate control

by adaptive macroblock guantisation parameters, and coding
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non-anchor frames without macroblock-layer rate control by

using fixed macroblock quantisation parameters.

In principle the inventive encoding apparatus is suited for
digitally encoding a picture sequence, wherein the frames of
sald picture sequence are arranged in macroblocks containing
pixel blocks and the frames are encoded in bi-directionally-
predictive and predictive and/or intra coding types denoted
B, P and I, respectively, and wherein adaptively, for the
purpose of overall bit rate control, a specific frame target
number of bits is assigned to each one of these coding
types, and wherein said overall bit rate control includes a
frame-layer rate control and a macroblock-layer rate control
which macroblock-layer rate control selects macroblock quan-
tisation parameters, said apparatus including:

- means for assigning a target number of bits to anchor
frames only, or to each group of frames consisting of a sin-
gle anchor frame and at least one non-anchor frame;

- means for coding anchor frames using macroblock-layer
rate control by adaptive macroblock gquantisation parameters,
and for coding non-anchor frames without macroblock-layer
rate control by using fixed macroblock quantisation parame-

ters.

In principle, the inventive decoding method is related to
digitally decoding an encoded picture sequence, wherein the
frames of said picture sequence are arranged in macroblocks
containing pixel blocks and the frames were encoded in bi-
directionally-predictive and predictive and/or intra coding
types denoted B, P and I, respectively, and wherein adap-
tively, for the purpose of overall bit rate control, a spe-
cific frame target number of bits was assigned to each one
of these coding types, and wherein said overall bit rate
control included a frame-layer rate control and a macro-
block-layer rate control which macroblock-layer rate control

had selected macroblock quantisation parameters,
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wherein a target number of bits was assigned to anchor
frames only, or to each group of frames consisting of a sin-
gle anchor frame and at least one non-anchor frame,

and wherein anchor frames were coded using macroblock-
layer rate control by adaptive macroblock quantisation pa-
rameters, and non-anchor frames were coded without macro-
block-layer rate control by using fixed macroblock gquantisa-
tion parameters,

said method including the step of:
~ decoding said anchor frames using correspondingly adap-
tive macroblock quantisation parameters, and decoding said
non-anchor frames using fixed macroblock gquantisation pa-

rameters.

Advantageous additional embodiments of the invention are

disclosed in the respective dependent claims.

Drawing

Exemplary embodiments of the invention are described with

reference to the accompanying drawing, which show in:

Fig. 1 Block diagram of an inventive encoder, including the
inventive coder control by a corresponding control

stage.

Exemplary embodiments

In Fig. 1 an input video signal IVS is fed to a subtractor
11, to a first input of a motion estimation stage 18 and to
a coder controller 10. The coding is based on frames FRM
which are split or partitioned into macroblocks MB each con-
taining e.g. 16*16 luminance pixels arranged in e.g. 4 lumi-
nance pixel blocks, and corresponding chrominance pixel

blocks. The output of subtractor 11 passes through a trans-
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form, scaling and quantisation stage 12 and a scaling, (cor-
responding) inverse quantisation and (corresponding) inverse
transformation stage 13 to an adder 14. Said transform is
preferably a DCT transform on pixel blocks. The quantised
transform coefficients QTC coming from stage 12 are also fed
to an entropy encoding stage 19. The output of adder 14
passes via an optional de-blocking filter 15 to a (macrob-
lock-based) motion compensation stage 17 and to a second in-
put of (macroblock-based) motion estimation stage 18,
thereby providing a decoded output video signal DOVS. Motion
compensation stage 17 receives the required motion data MD,
e.g. (macroblock-baséd) motion vectors, from stage 18. Stage
17 and/or stage 18 contain at least one picture memory. Ei-
ther the output of motion compensation stage 17 or the out-
put of an intra-frame prediction stage 16 is fed via a
switch SW to the subtracting input of subtractor 11 and to a
second input of adder 14. Coder controller 10 controls
stages 12, 13, 16, 17, 18 and switch SW. Corresponding con-
trol data CD and the motion data MD output from stage 18 are
also fed to entropy encoding stage 19 in which the data are
entropy encoded, including e.g. VLC (variable length encod-
ing) and side information multiplexing and possibly error
protection, leading to an encoded output video signal EOVS
to be transmitted or transferred. Stages 13 to 17 together
represent a decoder, i.e. the encoder includes a decoder op-

eration.

A high-level global rate control processing assigns, using

coder controller 10, a number of target bits ﬁGmW%P (or

RGmWJ) for each group of frames that consists of an anchor

frame coded as P frame (in H.264 also B frame) or I frame
and several non-anchor frames, e.g. a 'B...BP' or 'B...BI'
group for the classical B frame case, whereby such group may
also include one B frame only instead of several B frames.

The high-level global rate control must take care that
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R6roup-sp  OT R are set such that a nearly constant video

Group-I
gquality is achieved in the encoded output video signal EOVS
and in the correspondingly decoded video signal in a de-
coder, respectively. This can be achieved by controlling the
image quality (e.g. in terms of the mean squared error) or
the average quantisation parameter of already coded anchor
frames.

The inventive rate control for the anchor and non-anchor
frames inside a group of one anchor and several non-anchor
frames uses two weighting factors, fGroup-Bp and feroup-I-
which are adaptively controlled during the encoding of a
video sequence. These factors fgroup-BP ahd‘fGroup—I specify
the estimated ratios of the number of bits used (denoted
Rya) for encoding a non-anchor frame to the number Rp_pp of
bits required for encoding an anchor frame if it is coded as
P/B-frames, or Ra_7 if it 1s coded as I-frame:

Ry Ry

Ry,

f Group-BP = b f Group-1 =

RA—BP

Definitions

A current frame is called an 'anchor frame' if all frames
that were previously encoded before this current frame pre-
cede it in display order.

A current frame is called a 'non-anchor frame' if there ex-
ists at least one previously encoded frame that follows the

current frame in display order.

Initialisation
For initialisation, at the beginning of a sequence the fac-
tors fgroup-Bp and fgroup-1 are set, e.g. by controller 10,

to pre-defined values, e.g.

1 1

f Group-BP = 2 2 f Group—I = 10

Determining the target rate anchor frames
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Given the number of target bits ﬁQmwﬁp (or EGWWJ) for a
group of an anchor and several non-anchor frames, these fac-
tors are used in controller 10 for assigning the frame tar-
get RA$P (oxr ﬁAJ) for the anchor frame coded as P/B-frame

(or I-frame) inside the group:

A

A _R _
Anchor frame is coded as P/B-frame: R, s = Group~BP ’
(1 + NNA ) f Group—BP )
D RGmup-—I

Anchor frame is coded as I-frame:

Ry =
(1 + NNA ’ fGroup—I)

Nya (with Nya = 0) denotes the number of non-anchor frames
inside the regarded group of frames. The corresponding an-

chor frame is encoded using an accurate macroblock-layer

n

rate-control with the target rate of R, , (or ﬁ&J), respec-
tively.

If the anchor frame is coded as a pair of field pictures,
the local rate—control will distribute the frame target rate

among the two field pictures.

Encoding non-anchor frames
The non-anchor frames of a group of an anchor frame and sev-

eral non-anchor frames are encoded using a fixed quantisa-
tion step size of QM4z12-§;, where é; denotes the averagé

gquantisation step size that was used for encoding the anchor
frame of the corresponding group of one anchor and several
non-anchor frames. This leads to the following relationships

for the quantisation parameters QP:
MPEG-2, H.263, MPEG-4: QP =max{round(1.2-OP,)} OP...) ,

JVT/H.264: OP,,, = max{round(2+ 0P, ) OP...) ,
where QPp,x denotes the maximum quantisation parameter that
is supported by the syntax. Note that the non-anchor frames
are transmitted after the corresponding anchor frame, al-

though they are displayed first.
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Model update after encoding

After a group of an anchor frame and several non-anchor
frames has been encoded completely, the weighting factors
fGroup-Bp and fGroup-I are updated in controller 10 if the
number of encoded non-anchor pictures is greater than zero.
First, a weighting factor for the just encoded group (with
continuously increasing index ngroup-BP ©F NGroup-I) is de-

termined by

_ —_ 1 Ny
Anchor frame is P/B-frame: f@wrm{namwﬂpy=————————-EZRMAk) ,
Ny, Ry g
- 1 Ny
Anchor frame is I-frame: f@mWJO%mWJ)=———————~§:RMAk) '
Ny-R,, =

with Rya (k) being the number of used bits for the k-th non-
anchor frame inside the group, and Ra_pp and Rp_7 being the
number of bits used for encoding the anchor frames as P/B-
frame and as I-frame, respectively.

The weighting factors, which will be used for determining
the target fraction of the bit budget used for the anchor
frame of following groups, are calculated in controller 10
as an average value for the last e.g. five encoded groups of
one anchor frame and a non-zero number of non-anchor frames:

Anchor frame is P/B-frame:

1 HGroup-B8P -1

f Group-BP (l) ’

f Group-BP = f Group-BP (nGroup—BP) = 5 :
maX( 7nGroup—BP) i=max(0,1Group-pp—5)

Anchor frame is I-frame:

1 NGroup-1—1

fGroup—l (Z)

i=max( 0:"Graup—l _5)

f Group-I = f Group-I (nGm"p—l ) - 1naX(5a nGr‘ozlp—l ) .

The fundamental difference to other frame-layer rate control
strategies is that the weighting factors fgroup-pp and
fGroup-1 are used only for estimating a reasonable target
number of bits for the anchor frame inside a group of one
anchor and several non-anchor frames. The gquality as well as

the number of bits used for encoding the non-anchor frames
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is only determined by the average quantisation parameter QP
of the corresponding anchor frame. Thus, a fairly constant
video quality is achieved while the number of bits used for

encoding non-anchor frames can vary.

Usage of a single weighting factor

Especially if Intra frames are coded rarely, it is appropri-
ate that both weighting factors fgroyp-pp and fgroyp-1 are
updated at the same time. This can be carried out by combin-

ing the inventive features with the above-mentioned high-

level rate control, which sets the target ratesﬁm, and ﬁm

for the 'B...BP' and 'B...BI' groups of pictures.

As an example, it is assumed that the high-level rate con-

trol assigns the target rates ﬁGmme and ﬁ@m by using an

p-1
adaptively controlled weighting factor fgp.y, which speci-
fies the estimated bit-rate ratio of anchor frames coded as
P/B-frames and anchor frames coded as I-frames (fpp-1 =

Ra-pp/Ra-1) suitable for constant-quality encoding. The tar-

A

get rates ﬁ@mw3p and R are set by exploiting

Group-I

A A

RGroup—BP _ RG}‘Ollp—I
1+ N N4 © f Group—BP f -1t N NA® f Group—BP

This leads to the ?ollowing relationship between the two

fGrou ~BP
fGr'oup—I = £

f BP~I

The correspondingly inverse steps are carried out in a cor-

responding decoding of the encoded picture sequence.
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Claims

1.

Method for digitally encoding (10 - 19) a picture se-
guence, wherein the frames (FRM) of said picture sequence
are arranged in macroblocks (MB) containing pixel blocks
and the frames are encoded in bi-directionally-predictive
and predictive and/or intra coding types denoted B, P and
I, respectively, and wherein adaptively, for the purpose
of overall bit rate control, a specific frame target num-
ber of bits is assigned to each one of these coding
types, and wherein said overall bit rate control includes
a frame-layer rate control and a macroblock-layer rate
control which macroblock-layer rate control selects mac-
roblock quantisation parameters, said method including
the steps:

assigning (10) a target number of bits to anchor frames
only, or to each group of frames consisting of a single
anchor frame and at least one non-anchor frame;

coding anchor frames (P, I) using macroblock-layer rate
control (10) by adaptive macroblock guantisation (12) pa-
rameters, and coding non-anchor frames (B) without mac-
roblock-layer rate control (10) by using fixed macroblock

gquantisation (12) parameters.

Apparatus for digitally encoding (10 - 19) a picture se-
quence, wherein the frames (FRM) of said picture sequence
are arranged in macroblocks (MB) containing pixel blocks
and the frames are encoded in bi-directionally-predictive
and predictive and/or intra coding types denoted B, P and
I, respectively, and wherein adaptively, for the purpose
of overall bit rate control, a specific frame target num-
ber of bits is assigned to each one of these coding
types, and wherein said overall bit rate control includes
a frame-layer rate control and a macroblock-layer rate
control which macroblock-layer rate control selects mac-

roblock quantisation parameters, said apparatus includ-
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ing:

- means (10) for assigning a target number of bits to an-
chor frames only, or to each group of frames consisting
of a single anchor frame and at least one non-anchor
frame;

- means (11 - 18) for coding anchor frames (P, I) using
macroblock-layer rate control (10) by adaptive macroblock
quantisation (12) parameters, and for coding non-anchor
frames (B) without macroblock-layer rate control by using

fixed macroblock quantisation (12) parameters.

3. Method according to claim 1 or apparatus according to
claim 2, wherein the quantisation (12) parameter used for
the coding of non-anchor frames in a current group of
frames is directly derived (10) from the average gquanti-
sation (12) parameter of the previously encoded anchor

frame belonging to that group.

4. Method or apparatus according to one of claims 1 to 3,
wherein for the bit rate control for the anchor and non-
anchor frames inside a current one of said groups a
weighting factor fgroup-Bp ©r fGroup-1 is used, which
weighting factors are adaptively controlled during the
encoding of said picture sequence and specify the esti-
mated ratios of the number Rya of bits used for encoding
a non-anchor frame to the number Rp_pp of bits required
for encoding an anchor frame if it is coded as P or B

frames, or Rpa-7 if it is coded as I-frame:

—_ RNA _ RNA
I —, [
Group—BP — R 2 Group—I — R
A-BP A~-1

5. Method or apparatus according to claim 4, wherein for
initialisation at the beginning of encoding a picture se-
quence said weighting factors fgroup-pp and feroup-1 are

set to:
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1 1

2 4 f Group~I = iE

f Group-BP =

Method or apparatus according to claim 4 or 5, wherein

A A

based on a number Rg,, z or R of target bits for a

Group—I

current one of said groups, the frame target bit number

Y

R,z or R,, for the anchor frame is:

A A

o R

R _ Group—BP or R‘ . RGroup—I
A-BP T A-1 T
(]‘ + NNA : f Group—BP) (1 +N NA® f Group-1 )

wherein Nypa denotes the number of non-anchor frames in-

, respectively,

side that current group, and whereby a corresponding ac-

curate macroblock-layer rate control is used.

Method or apparatus according to one of claims 4 to 6,
wherein the non-anchor frame or frames of a current one

of said groups are encoded using a fixed quantisation

step size of QM4m12-§;, where Q; denotes the average

quantisation step size that was used for encoding the an-

chor frame of that group.

Method or apparatus according to one of claims 4 to 7
wherein, after a current one of said groups has been en-
coded completely, said weighting factors fgroyp-pp and
fGroup-1 are updated in that weighting factors for said

current group are determined by

~ 1 Ny
f Group~BP (nGmup—BP ) = 5 ZRNA (k ) or
Ny RA—BP k=1
~ 1 Ny ‘
fGroup—-I (nGl‘Oup—]) [ —— ZRNA (k) r respectlvely,

Ny Ry i3
wherein Rypa (k) is the number of used bits for the k-~th
non-anchor frame inside said current group, Rp-pp and
Rp-1 are the number of bits used for encoding the anchor
frames as P/B~frame or as I-frame, respectively, and

NGroup-BP and Ngroup-I are continuously increasing indi-
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ces for said weighting factors,

and wherein the weighting factors to be used for follow-
ing groups are each calculated as corresponding average
values of the weighting factors used for several, e.g.

five, of the last encoded groups.

Method or apparatus according to claim 4 wherein, if In-
tra frames are coded rarely, both said weighting factors
feroup-Bp and fgroup-1 are updated at the same time by

using an adaptively controlled weighting factor fpp-7 =
Ra-pp/Ra-1, which specifies the estimated bit-rate ratio

of anchor frames coded as P/B-frames and anchor frames

_ f Group—BP

coded as I-frames, such that j@mWJ-——yr———
BP-1

Method for digitally decoding an encoded picture se-
quence, wherein the frames (FRM) of said picture sequence
are arranged in macroblocks (MB) containing pixel blocks
and the frames were encoded in bi-directionally-predic-
tive and predictive and/or intra coding types denoted B,
P and I, respectively, and wherein adaptively, for the
purpose of overall bit rate control, a specific frame
target number of bits was assigned to each one of these
coding types, and wherein said overall bit rate control
included a frame-layer rate control and a macroblock-
layer rate control which macroblock-layer rate control
had selected macroblock quantisation parameters,

wherein a target number of bits was assigned to anchor
frames only, or to each group of frames consisting of a
single anchor frame and at least one non-anchor frame,
and wherein anchor frames (P, I) were coded using macro-
block-layer rate control (10) by adaptive macroblock
quantisation (12) parameters, and non-anchor frames (B)
were coded without macroblock-layer rate control (10) by
using fixed macroblock quantisation (12) parameters,

sald method including the step of:



WO 2005/069632 PCT/EP2004/012480
' 17
- decoding said anchor frames (P, I) using correspondingly
adaptive macroblock quantisation parameters, and decoding
said non-anchor frames (B) using fixed macroblock quanti-

sation parameters.
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