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Description

Field of the invention

[0001] This invention relates to a method and an ap-
paratus for encoding video data, and to a method and an
apparatus for decoding video data.

Background

[0002] The H.264/AVC standard provides excellent
coding efficiency but it does not consider scalable video
coding (SVC). SVC provides different layers, usually a
base-layer (BL) and an enhancement-layer (EL). The
Motion Picture Expert Group (MPEG) works on en-
hanced functionality of the video codec. Various tech-
niques were proposed, and the Joint Video Team (JVT)
started a standard called JSVC, with corresponding ref-
erence software (JSVM). SVC provides temporal, SNR
and spatial scalability for applications. The BL of JSVM
is compatible with H.264, and most components of H.
264 are used in JSVM as specified, so that only few com-
ponents need to be adjusted according to the subband
structure. Among all the scalabilities, spatial scalability
is the most challenging and interesting, since it is hard
to use the redundancy between the two spatial scalable
layers.

[0003] SVC provides several techniques for spatial
scalability, such as IntraBL mode, residual prediction or
BLSkip (base layer skip) mode. These modes can be
selected on macroblock (MB) level.

[0004] IntraBL mode uses the upsampled reconstruct-
ed BL picture to predict a MB in the EL, and only encodes
the residual. Residual prediction tries to reduce the en-
ergy of the motion compensation (MC) residual of the EL
by subtracting the upsampled MC residual of the BL.
BLSkip mode utilizes the upsampled BL motion vector
(MV) for a MB in the EL and requires only the residual to
be written into the bit stream if a MB selects this mode.
Thus, the BLSkip mode makes use of the redundancy
between the MVs of a BL and its EL in the spatial scal-
ability case.

[0005] For Inter coded pictures, including both P pic-
tures and B pictures of SVC, residual prediction is used
to decrease the energy of the residual for improving cod-
ing efficiency. The basic idea is to first get the predicted
residual by upsampling the residual signal of the corre-
sponding BL picture, wherein a 2-tap bilinearfilter is used.
Then the predicted residual is subtracted from the real
residual which is obtained from the motion estimation in
the EL, and the difference is coded by DCT, entropy cod-
ing etc.

[0006] Residual upsamplingis commonly done MB by
MB, and for each MB by 4x4, 8x8 or 16x16 subblocks,
based on MC accuracy. If the MC accuracy is e.g. 16x16,
the whole 16x16 MB uses just one motion vector; if the
MC accuracy is 8x8, each four 8x8 sub-blocks may have
different motion vectors. The residuals for different 8x8
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sub-blocks have low correlation, so the upsampling proc-
ess is done for four different sub-blocks. SVC utilizes a
simple 2-tap bilinear filter, performing the upsampling
process first in the horizontal and then in the vertical di-
rection. The respective filter works on MB level, and thus
cannot cross the boundary of an 8x8 block.

[0007] An option for the described procedure is wheth-
er to use residual prediction or not for a particular MB. A
mode decision process tries different modes, all with or
without residual prediction. This is called adaptive resid-
ual prediction.

[0008] The typical frame structure employed by
H.264/SVC contains two intra-coded reference frames
that are used at the receiver for Instantaneous Decoder
Refresh (IDR), and then a number of intra-coded or inter-
coded frames, which make several GOPs (group-of-pic-
tures). Inter-coded frames can be interpolated or predict-
ed. In wavelet decomposition, the EL of a GOP typically
consists of several high-pass frames followed by a low-
pass frame. A low-pass frame is used for both the pre-
ceding and the following high-pass frames, i.e. for two
GOPs .

[0009] Document REICHEL J ET AL: "Scalable Video
Model 3.0" ISO/IEC JTC1/SC29/WG11 N6716" October
2004 (2004-10), pages 1-85, XP002341767, discloses a
method for encoding video data containing high-pass
frames and low-pass frames into at least two spatially
scalable layers obtained by temporal wavelet decompo-
sition using motion compensated temporal filtering
(MCTF), wherein the encoding is based on prediction
and update steps, and wherein inter-layer residual pre-
diction on macroblock level is used.

Summary of the Invention

[0010] Using the predicted residual is a very complex
process, both for the encoder and the decoder. Thus, a
simplified processing is desirable that enables usage of
less complex encoders and/or decoders. Disabling the
residual prediction will reduce the decoder complexity by
afactor of about two, but it reduces coding efficiency. On
the other hand, adaptive residual prediction is a very po-
tential technique that may improve coding efficiency of
about 5-10% for the same objective quality (based on
PSNR). Generally, itis desirable to substantially maintain
or even improve the level of efficiency of the encoding
and decoding processes. So it is advisable to enable re-
sidual prediction. But if e.g. for real-time applications re-
sidual prediction is enabled for every picture, known de-
coders are too slow for real-time decoding of e.g. a dual-
layer (QCIF/CIF) spatial scalable bit-stream.

[0011] The presentinvention provides simplified resid-
ual prediction techniques, focusing on reducing the en-
coding and/or decoding complexity of the spatial scalable
EL, with the coding efficiency being only slightly reduced
or even improved.

[0012] According to one aspect of the invention, a
method for encoding video data into at least two spatially
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scalable layers containing high-pass frames and low-
pass frames as obtained by temporal wavelet decompo-
sition using motion compensated temporal filtering
(MCTF), wherein the encoding is based on prediction
and update steps, comprises the steps of encoding the
low-pass frames, wherein inter-layer residual prediction
may be used,

splitting the high-pass frames into two (preferably inter-
leaving) frame groups, e.g. by assigning each of the high-
pass frames to one group, e.g. according to their se-
quence number i.e. using a fixed raster,

encoding the frames of the first of said frame groups,
wherein inter-layer residual prediction may be used, and
encoding the frames of the second of the frame groups
using an encoding method without inter-layer residual
prediction, i.e. residual prediction is prohibited for these
frames.

[0013] In a preferred embodiment of this aspect of the
invention, encoding the frames of the first of the frame
groups comprises mode selection, wherein none of the
possible encoding modes uses inter-layer residual pre-
diction on macroblock level. In one embodiment however
at least one of the encoding modes for the first frame
group uses inter-layer residual prediction on frame level,
which is called "Simplified Residual Prediction" herein.
For simplified residual prediction, the EL residual is pref-
erably generated from the information of the EL, and the
BL residual is not used.

[0014] In a particularly preferred embodiment, the first
frame group comprises the even high-pass frames and
the second frame group comprises the odd high-pass
frames.

[0015] In particular, the invention is advantageous for
those high-pass and low-pass frames that belong to an
enhancement-layer of a scalable video signal. Thus, an
improved and simplified residual prediction scheme for
SVC is provided.

[0016] The resulting video signal generated by an en-
coder according to one embodiment ofthe invention com-
prises at least two spatially scalable layers, a BL and an
EL, wherein the EL contains encoded low-pass frame
data and encoded high-pass frame data as obtained by
temporal wavelet decomposition using motion compen-
sated temporal filtering (MCTF), and wherein the encod-
ed high-pass frame data contain an encoding mode in-
dication and can be split into two types or groups, with
the high-pass frame data of one of these groups contain-
ing an indication indicating if it was encoded using inter-
layerresidual prediction, and at least some of them being
encoded using inter-layer residual prediction on frame
level but not on MB level, and the high-pass frame data
of the other of these groups being encoded without using
inter-layer residual prediction. Thus, these frames need
not contain such inter-layer residual prediction indication.
The frame data of the second group contain fully encoded
residual pictures, without using any residual prediction.
[0017] Thus inter-layer, residual prediction can be
skipped for the second group of high-pass frames, and
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it can be performed on frame level instead of MB level
for the first group of high-pass frames. This leads to re-
duced complexity of encoders as well as decoders, since
e.g. the frame needs not be split into blocks during en-
coding neither decoding.

[0018] As an example, if the size of a GOP is 16, its
structure is (previous IDR frames not shown, with P being
predicted frames and Bx being bilinear predicted frames):
P1B1B2B3B4B5B6B7B8B9B10B11B12B13B14
B15 P2

According to a preferred embodiment of the invention,
there is no residual prediction done for the odd frames:
B1, B3, B5, B7, B9, B11, B13, B15

Simplified adaptive residual prediction is done for the
even frames: B2, B4, B6, B8, B10, B12, B14

Original conventional Adaptive residual prediction: P1 P2
[0019] Advantageously, for the encoding method ac-
cording to the invention there is no need to splitthe frames
into MBs.

[0020] A corresponding device for encoding video data
into at least two spatially scalable layers containing
high-pass frames and low-pass frames as obtained by
temporal wavelet decomposition using motion compen-
sated temporal filtering (MCTF), wherein the encoding is
based on prediction and update steps, comprises means
for encoding the low-pass frames, wherein inter-layer re-
sidual prediction may be used,

means for splitting the high-pass frames into two inter-
leaving frame groups,

means for encoding the frames of the first of said frame
groups, wherein inter-layer residual prediction may be
used, and

means for encoding the frames of the second of the frame
groups using an encoding method without residual pre-
diction. Further, the device may comprise means for in-
serting a residual prediction indication flag into the frames
of the first frame group.

[0021] According to another aspect of the invention, a
method for decoding video data containing at least two
spatially scalable layers, and encoded high-pass frames
and encoded low-pass frames as obtained by temporal
wavelet decomposition using motion compensated tem-
poral filtering (MCTF), wherein the decoding of at least
the high-pass frames is based on inverse prediction and
inverse update steps, comprises the steps of

decoding the low-pass frames according to their encod-
ing mode,

determining from the sequential order of a high-pass
frame whether it belongs to a first or a second group of
frames (Bgyen:Bogq), @and

decoding the high-pass frame, wherein if the high-pass
frame belongs to the first group of frames (Bg,e,) the
decoding uses inter-layer prediction of the residual that
is used for the inverse prediction and inverse update
steps, and if the high-pass frame belongs to the second
group of frames the residual that is used for the inverse
prediction and inverse update steps is obtained without
inter-layer prediction. Said prediction may use upsam-
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pling of the corresponding BL residual, but in principle
also another prediction technique.

[0022] A corresponding device for decoding video
data, the video data containing at least two spatially
scalable layers, and encoded high-pass frames and
encoded low-pass frames as obtained by temporal
wavelet decomposition using motion compensated
temporal filtering (MCTF), wherein the decoding of at
least the encoded high-pass frames is based on inverse
prediction and inverse update steps, comprises at least
means for decoding the low-pass frames according to
their encoding mode,

means for determining from the sequential order of a
high-pass frame whether it belongs to a first or a second
group of frames (Bgyen: Bogq), @and

means for decoding the high-pass frame, wherein if the
high-pass frame belongs to the first group of frames
(Beyen) the means for decoding performs inter-layer
prediction of the residual that is used for the inverse
prediction and inverse update steps, and if the high-pass
frame belongs to the second group of frames the residual
thatis used for the inverse prediction and inverse update
steps is obtained without inter-layer prediction.

[0023] Advantageous embodiments of the invention
are disclosed in the dependent claims, the following de-
scription and the figures.

Brief description of the drawings

[0024] Exemplary embodiments of the invention are
described with reference to the accompanying drawings,
which show in

Fig.1 the principle of residual upsampling in horizon-
tal direction;

Fig.2 a residual prediction scheme according to the
invention for a GOP with GopSize=8;

Fig.3 block boundaries for conventional residual pre-
diction; and

Fig.4 simplified residual prediction.

Detailed description of the invention

[0025] The following text refers to frames as well as to
pictures. When frames are mentioned, the same applies
to pictures and vice versa.

[0026] Fig.1 shows the principle of residual upsam-
pling in horizontal direction, using 4x4 motion estimation
accuracy. SVC utilizes e.g. simple 2-tap bilinear filters,
performing first an upsampling process on the horizontal
direction and then on the vertical direction. An upsampled
pixel value is generated by averaging two nearby original
pixels, and the location of the upsampled pixel is just in
the middle of the two original pixels, so the coefficients
are [1/2,1/2]. The 2-tap filter can’t cross the MB boundary.
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While there is no problem at the left boundary, the up-
sampled pixel at the right boundary is just a copy of its
nearest neighbor pixel. This is called "nearest neighbor-
ing method".

[0027] For the conventional upsampling, the whole re-
sidual picture must first be split into MBs and then into
sub-blocks. This means a lot of memory copy operations
and upsampling steps for small blocks. That is a main
reason for the high complexity of the decoder when re-
sidual prediction is enabled.

[0028] The presentinvention discloses methods to re-
duce the complexity of the encoder and the complexity
of the decoder, by adaptively using the residual predic-
tion, partly skipping residual prediction and modifying the
residual prediction method.

[0029] Typically, for each GOP there is one of the
P-frames that is a low-pass frame. E.g. if the GOP size
is 16, the parameter picture_id_inside_gop associated
with the low-pass frame is 16. The other 15 frames being
P- or B-frames are high-pass frames with different de-
composition levels. The frames with the highest decom-
position levels are those with odd numbers for picture_
id_inside_gop: 1, 3, 5, 7, 9, 11, 13, 15. We call those
pictures odd pictures. In this invention, we propose two
solutions to substitute the conventional residual upsam-
pling process.

[0030] One solution is doing the residual prediction us-
ing the conventional upsampling method. However, the
process is not performed on blocks, but on the whole
frame. This means that the 2-tap filter ignores any bound-
ary within the frame until it reaches the boundary of the
whole frame. Thus, there is no need to split the whole
residual frame into MBs or sub-blocks.

[0031] The second solution is not to use any residual
prediction at all for some frames, since once residual
prediction is used (to improve the coding efficiency),
adaptive type will be chosen in the mode decision proc-
ess. That is, during mode decision all modes related to
motion compensation will try two different sub-modes,
the mode with residual prediction or the mode without
residual prediction. A flag indicating which mode was
chosen (residual prediction_flag) will be written into each
MB of a picture.

[0032] As experiments show, low-pass pictures have
a high probability of using residual prediction. Typically
about 30% of the MBs of a low-pass picture will enable
the residual_prediction_flag. However, it was found that
the higher the decomposition stage of the high-pass pic-
tureis, the less MBs use residual prediction. For the high-
est decomposition stage pictures (the odd pictures), only
very few MBs have the residual_prediction_flag enabled.
[0033] According to the present invention, the
high-pass frames of a GOP are split into two interleaving
groups, and for the frames or pictures of one of these
groups the residual prediction is done on frame level,
while for all the frames of the other group the residual
prediction is prohibited and can thus be skipped during
mode decision.
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[0034] Inone embodiment of the presentinvention, the
residual prediction is prohibited for all the odd pictures.
[0035] Advantageously, even if no residual prediction
is used at all, the viewer can usually not notice the de-
crease in rate distortion (RD) performance, because the
mode of only few MBs is changed. Another important
reason is that when residual prediction is not used at all
for any MB in the whole picture, then each MB will save
one bit for the residual_prediction_flag. Even after entro-
py coding some bits will be saved, so that the coding
efficiency for odd pictures is improved.

[0036] Actually, from the complexity point of view, if
residual prediction is disabled, about half of the compu-
tation effort during the decoding process will be saved
because the upsampling process can be skipped for each
MB. This is advantageous for real-time decoders.
[0037] Another method to reduce the complexity of the
decoder is for the other high-pass pictures (i.e. even
high-pass pictures), we do the residual upsampling
based on the whole frame. The advantage is that we
don’t actually need to detect the boundary of a motion
estimation (ME) block, and the 2-tap filter will be imple-
mented in the same way throughout the whole frame,
until itencounters the boundary of the frame. So, we don’t
need to split the whole residual frame into blocks before
residual upsampling. So we save the splitting time and
the memory moving time for the small blocks.

[0038] AsshowninFig.2,the original adaptive residual
prediction (ORP) is utilized for low-pass pictures, in order
to preserve high coding efficiency. For the highest de-
composition stage, e.g. frames that have odd values of
picture_id_inside_gop, no residual predication (NRP) is
used and the residual_prediction_flag is saved for each
MB in these frames. For the other high-pass frames (with
picture_id_inside_gop = 2,4,6), we can choose to use a
weak residual prediction scheme, like e.g. the above-
described Simplified Residual Prediction (SRP).

[0039] Fig.3 and Fig.4 show the differences between
residual prediction and simplified residual prediction. In
the current JSVM residual prediction is done in blocks.
When in Fig.3 the filter encounters a boundary of a ME
block, it will stop and the boundary of the upsampled
residual will be predicted using the nearest neighboring
method, as shown in Fig.1. However, to reduce the com-
plexity, we choose to simplify the residual prediction proc-
ess employed for some high-pass pictures. In those cas-
es when residual prediction is done, it doesn’t need to
be based on MB level any more. So the whole residual
frame does not need to be split, and many memory op-
erations are not required. For the 2-tap filter, there is no
difference until the convolve operation reaches the right
or bottom boundary of the frame, as shown in Fig.4. The
boundariesin Figs.3 and 4 are for the convolve operation.
[0040] In principle, the two described techniques being
simplified residual prediction for at least some frames
and the skipping of residual prediction for at least some
of the other frames can also be used independent from
each other, or in combination with other modes. E.g. the
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high-pass frames can be splitinto three groups, with one
using conventional encoding, the second using simplified
residual prediction and the third skipping residual predic-
tion.

[0041] Further, other interleaving schemes can be ap-
plied than assigning even high-pass frames to one group
and odd high-pass frames to the other group. E.g. the
following scheme may be used:

No residual prediction for: B1-B3, B5-B7, B9-B11,
B13-B15 Simplified adaptive residual prediction for:
B4, B8, B12 And Original adaptive residual predic-
tion for: P1 P2

[0042] Another possible scheme is e.g. to swap the
previously described groups for "No residual prediction"
and for "Simplified adaptive residual prediction".

[0043] When a decoder receives the video signal that
results from the encoding method according to the inven-
tion, then it can determine from the sequence number of
a particular B-frame whether residual prediction for it was
skipped or not: e.g. all odd frames skip the residual pre-
diction. Alternatively, it can evaluate if a frame contains
the above-mentioned residual_prediction_flag that indi-
cates that residual prediction might have been used. If
this flag is not present, the decoder can deduce that re-
sidual prediction was skipped during encoding.

[0044] Adaptive residual prediction means that also
other possible modes will be tested, e.g. inter4x4,
inter16x16, inter8x8. So when we say adaptive residual
prediction, all these modes may be tested with or without
residual prediction. Thus, in the preferred embodiment
of the invention mode selection is used for all high-pass
frames (B1,...,B15), but:

- forthe even frames the encoder can select between
different modes, each with or without residual pre-
diction; if residual prediction is selected, it will be on
frame level, i.e. simplified residual prediction.

- for the odd frames the encoder can also select be-
tween different modes, but residual prediction is not
allowed for any of the modes, i.e. residual prediction
is disabled.

[0045] Thus, a high-pass frame includes an indication
(e.g. a flag) that shows how it was encoded.

[0046] So, two decisions need to be made during en-
coding. The first is whether to use residual prediction or
not for a frame. This flag indicating this option is already
a part of the Picture Parameter Set (PPS), so it is an
encoder issue. The second is how to do the residual pre-
diction: the simplified or the original type. To indicate the
result of this decision, one possibility is to add a flag into
the PPS, which however should preferably be normative.
Thenthe decoder can detectthe corresponding decoding
method from this flag.

[0047] In this invention, based on the different impor-
tance of the residual prediction for different decomposi-
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tion levels of the Inter (high-pass) pictures, a simplified
solution is proposed that greatly reduces the decoder
complexity.

[0048] The invention can be used for video encoding
and decoding, particularly when the video contains two
or more spatial scalable layers and uses residuals result-
ing e.g. from motion estimation.

Claims

1. Method for encoding video datainto at least two spa-
tially scalable layers containing high-pass frames
and low-pass frames as obtained by temporal wave-
let decomposition using motion compensated tem-
poralfiltering (MCTF), wherein the encoding is based
on prediction and update steps, the method compris-
ing the steps of

- encoding the low-pass frames, wherein inter-
layer residual prediction (ORP) on frame level
may be used;

- splitting the high-pass frames into two inter-
leaving frame groups;

- encoding the frames of the first of said frame
groups, wherein inter-layer residual prediction
on frame level may be used; and

- encoding the frames of the second of the frame
groups using an encoding method without inter-
layer residual prediction (NoRP).

2. Method according to claim 1, wherein the step of
encoding the frames of the first of the frame groups
comprises selection of one of a plurality of encoding
modes, wherein atleast one of the possible encoding
modes uses inter-layer residual prediction on frame
level (SRP), but none of the possible encoding
modes uses inter-layer residual prediction on mac-
roblock level.

3. Method according to claim 1 or 2, wherein the first
frame group comprises the even high-pass frames
and the second frame group comprises the odd high-
pass frames.

4. Method according to any of the claims 1-3, wherein
the step of encoding the frames of the second of the
frame groups comprises encoding mode selection.

5. Video signal comprising at least two spatially scala-
ble layers (BL,EL), wherein the higher layer (EL) con-
tains encoded low-pass frame data (P1,P2) and en-
coded high-pass frame data (B1,...,B15) as obtained
by temporal wavelet decomposition using motion
compensated temporal filtering (MCTF), and where-
in the encoded high-pass frame data contain an en-
coding mode indication and can be split into two
groups, the splitting being based on the sequential
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order of the frames, with the frame data of one of
these groups (Bg,e,) containing an indication indi-
cating if the frame was encoded using inter-layer re-
sidual prediction and at least some of the frames
being encoded using inter-layer residual prediction
on frame level but not on MB level, and the high-
pass frame data of the other of these groups (B,4q)
being encoded without using inter-layer residual pre-
diction.

Method for decoding video data containing at least
two spatially scalable layers, and coded high-pass
frames and low-pass frames as obtained by temporal
wavelet decomposition using motion compensated
temporal filtering (MCTF), wherein the decoding of
at least the high-pass frames is based on inverse
prediction and inverse update steps, the method
comprising the steps of

- decoding the low-pass frames according to
their encoding mode;

- determining from the sequential order of a high-
pass frame whether it belongs to afirst or a sec-
ond (Bgyens Bogq) group of frames;

- decoding the high-pass frame, wherein if the
high-pass frame belongs to the first group of
frames (Bgyen) the decoding uses inter-layer
prediction on frame level of the residual that is
used for the inverse prediction and inverse up-
date steps, and if the high-pass frame belongs
to the second group of frames the residual that
is used for the inverse inter-layer prediction and
inverse update steps is obtained without predic-
tion.

Apparatus for encoding video data into at least two
spatially scalable layers the video data containing
high-pass frames and low-pass frames as obtained
by temporal wavelet decomposition using motion
compensated temporalfiltering (MCTF), wherein the
encoding is based on prediction and update steps,
comprising

- means for encoding the low-pass frames,
wherein into inter-layer residual prediction
(ORP) on frame level may be used;

- means for splitting the high-pass frames into
two interleaving frame groups;

- means for encoding the frames of the first of
said frame groups, wherein inter-layer residual
prediction on frame level may be used; and

- means for encoding the frames of the second
of the frame groups using an encoding method
without inter-layer residual prediction (NoRP).

8. Apparatus according to the previous claim, wherein

the means for encoding the frames of the second of
the frame groups comprises means for performing
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encoding mode selection.

Apparatus for decoding video data, the video data
containing at least two spatially scalable layers, and
encoded high-pass frames and encoded low-pass
frames as obtained by temporal wavelet decompo-
sition using motion compensated temporal filtering
(MCTF), wherein the decoding of at least the encod-
ed high-pass frames is based on inverse prediction
on frame level and inverse update steps, the appa-
ratus comprising

- means for decoding the low-pass frames ac-
cording to their encoding mode;

- means for determining from the sequential or-
der of a high-pass frame whether it belongs to
afirstora second (Bgyepn, Bogq) group of frames;
- means for decoding the high-pass frame,
wherein if the high-pass frame belongs to the
first group of frames (Bg,,) the means for de-
coding performs inter-layer prediction on frame
level of the residual that is used for the inverse
prediction and inverse update steps, and if the
high-pass frame belongs to the second group of
frames the residual that is used for the inverse
prediction and inverse update steps is obtained
without inter-layer prediction.

10. Method or apparatus according to any of the preced-

ing claims, wherein inter-layer residual prediction for
a frame of the higher layer (EL) comprises upsam-
pling the residual of the corresponding frame of the
lower layer (BL).

Patentanspriiche

1.

Verfahren zum Kodieren von Videodaten in wenig-
stens zwei raumlich skalierbare Schichten, die
Hochpass-vollbilder und Tiefpass-Vollbilder enthal-
ten, derartwie sie durch zeitliche Wavelet-Zerlegung
unter Verwendung von bewegungskompensierter
zeitlicher Filterung (MCTF) erhalten werden, wobei
die Kodierung auf Vorhersage- und Aktualisierungs-
Schritten beruht, umfassend die Schritte:

- Kodieren der Tiefpass-Vollbilder, wobei zwi-
schen den Schichten eine Restvorhersage
(ORP) auf Vollbildebene verwendet werden
kann;

- Aufspalten der Hochpass-Vollbilder in zwei
verschachtelte Vollbildgruppen;

-Kodieren der Vollbilder der ersten Vollbildgrup-
pe, wobei zwischen den Schichten eine Rest-
vorhersage auf Vollbildebene verwendet wer-
den kann;

- Kodieren der Vollbilder der zweiten Vollbild-
gruppe unter Verwendung eines Kodierverfah-
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rens ohne Restvorhersage zwischen den
Schichten (NoRP).

Verfahren nach Anspruch 1, bei dem der Schritt des
Kodierens der Vollbilder der ersten Vollbildgruppe
die Auswahl einer von mehreren Kodierbetriebsar-
ten umfasst, wobei wenigstens eine der mdglichen
Kodierbetriebsarten Restvorhersage zwischen den
Schichten auf Vollbildebene (SRP) verwendet, aber
keine der moéglichen Kodierbetriebsarten Restvor-
hersage zwischen den Schichten auf Makroblocke-
bene verwendet.

Verfahren nach Anspruch 1 oder 2, bei dem die erste
Vollbildgruppe die geradzahligen Hochpass-Vollbil-
der und die zweite Vollbildgruppe die ungeradzahli-
gen Hochpass-Vollbilder umfasst.

verfahren nach einem der Anspriiche 1 bis 3, bei
dem der Schritt des Kodierens der Vollbilder der
zweiten Vollbildgruppe eine Kodierbetriebsart-Aus-
wahl umfasst.

Videosignal, das wenigstens zwei radumlich skalier-
bare Schichten (BL, EL) umfasst, wobei die hdhere
Schicht (EL) kodierte Tiefpass-Vollbilddaten (P1,
P2) und kodierte Hochpass-Vollbilddaten (B1, ...,
B15) enthalt, derart wie sie durch zeitliche Wavelet-
Zerlegung unter Verwendung von bewegungskom-
pensierter zeitlicher Filterung (MCTF) erhalten wer-
den, und wobei die kodierten Hochpass-Vollbildda-
ten eine Kodierbetriebsart-Anzeige enthalten und in
zwei Gruppen aufgespalten werden kdnnen, wobei
die Aufspaltung auf der sequentiellen Reihenfolge
der Vollbilder beruht und die Vollbilddaten einer die-
ser Gruppen (Bgeragzaniig) €ine Anzeige enthalten,
die anzeigt, ob das Vollbild unter Verwendung von
Restvorhersage zwischen den Schichten kodiert
wurde und wenigstens einige Vollbilder, die kodiert
werden, Restvorhersage zwischen den Schichten
auf Vollbildebene, aber nicht auf MB-Ebene verwen-
den, und die Hochpass-Vollbilddaten der anderen
dieser Gruppen (Byngeradzanig) ©hne Verwendung
von Restvorhersage zwischen den Schichten kodiert
werden.

Verfahren zum Kodieren von Videodaten, die wenig-
stens zwei raumlich skalierbare Schichten und ko-
dierte Hochpass-Vollbilder und Tiefpass-Vollbilder
enthalten, derart wie sie durch zeitliche Wavelet-Zer-
legung unter Verwendung von bewegungskompen-
sierter zeitlicher Filterung (MCTF) erhalten werden,
wobei die Kodierung wenigstens der Hochpass-Voll-
bilder auf inversen Vorhersage- und inversen Aktua-
lisierungs-Schritten beruht, umfassend die Schritte:

- Dekodieren der Tiefpass-Vollbilder gemaR ih-
rer Kodier-Betriebsart;
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- Bestimmen aus der sequentiellen Reihenfolge
eines Hochpass-Vollbildes, ob es zu einer
ersten oder einer zweiten (Bgygradzanig:
Bungeradzaniig) Gruppe von Vollbildern gehort;

- Dekodieren des Hochpass-Vollbildes, wobei,
wenn das Hochpass-Vollbild zu der ersten
Gruppe von Vollbildern (Bye agzanig) 9ehort, die
Dekodierung Vorhersage desjenigen Restes
zwischen den Schichten auf Vollbildebene ver-
wendet, der fir die inversen Vorhersage- und
dieinversen Aktualisierungs-Schritte verwendet
wird, und wenn das Hochpass-Vollbild zu der
zweiten Gruppe von Vollbildern gehort, der
Rest, der fiir die inversen Zwischenschicht-Vor-
hersage- und die inversen Aktualisierungs-
Schritte verwendet wird, ohne Vorhersage er-
halten wird.

Vorrichtung zum Kodieren von Videodaten in wenig-
stens zweiraumlich skalierbare Schichten, wobeidie
Videodaten Hochpass-Vollbilder und Tiefpass-Voll-
bilder enthalten, derart wie sie durch zeitliche Wa-
velet-Zerlegung unter Verwendung bewegungs-
kompensierter zeitlicher Filterung (MCTF) erhalten
werden, wobei die Kodierung auf Vorhersage- und
Aktualisierungs-Schritten beruht, umfassend:

- Mittel zum Kodieren der Tiefpass-Vollbilder,
wobei eine Restvorhersage zwischen den
Schichten (ORP) auf Vollbildebene verwendet
werden kann;

- Mittel zum Aufspalten der Hochpass-Vollbilder
in zwei verschachtelte Vollbildgruppen;

- Mittel zum Kodieren der Vollbilder der ersten
Vollbildgruppe, wobei Restvorhersage zwi-
schen den Schichten auf Vollbildebene verwen-
det werden kann; und

- Mittel zum Kodieren der Vollbilder der zweiten
Vollbildgruppe unter Verwendung eines Kodier-
verfahrens ohne Restvorhersage zwischen den
Schichten (NoRP).

Vorrichtung nach dem vorhergehenden Anspruch,
bei der die Mittel zum Kodieren der Vollbilder der
zweiten Vollbildgruppe Mittel zum Ausfiihren einer
Kodierbetriebsart-Auswahl umfassen.

Vorrichtung zum Dekodieren von Videodaten, die
wenigstens zwei raumlich skalierbare Schichten,
und kodierte Hochpass-Vollbilder und Tiefpass-Voll-
bilder enthalten, derart wie sie durch zeitliche Wa-
velet-Zerlegung unter Verwendung von bewegungs-
kompensierter zeitlicher Filterung (MCTF) erhalten
werden, wobei die Dekodierung von wenigstens den
kodierten Hochpass-Vollbildern aufinverser Vorher-
sage auf Vollbildebene und inversen Aktualisie-
rungs-Schritten beruht, umfassend:
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- Mittel zum Dekodieren der Tiefpass-Vollbilder
gemal ihrer Kodierbetriebsart;

- Mittel, um aus der sequentiellen Reihenfolge
eines Hochpass-Vollbildes zu bestimmen, ob es
zu einer ersten oder zweiten (Bggragzaniig:
Bungeradzahiig) Gruppe von Vollbildern gehort;

- Mittel zum Dekodieren des Hochpass-Vollbil-
des, wobei, wenn das Hochpass-Vollbild zu der
ersten Gruppe von Vollbildern (Bgeragzaniig) 9€-
hort, das Mittel zum Dekodieren eine Vorhersa-
ge des Restes zwischen den Schichten auf Voll-
bildebene ausfiihrt, der fir die inversen Vorher-
sage- und die inversen Aktualisierungs-Schritte
verwendet wird, und wenn das. Hochpass-Voll-
bild zu der zweiten Gruppe von Vollbildern ge-
hért, der Rest, der fiur die inversen Vorhersage-
und die inversen Aktualisierungs-schritte zwi-
schen den Schichten verwendet wird, ohne Vor-
hersage zwischen den Schichten erhalten wird.

10. Verfahren oder Vorrichtung nach einem der vorher-

gehenden Anspriiche, bei dem bzw. beider die Rest-
vorhersage zwischen den Schichten fiir ein Vollbild
der héheren Schicht (EL) eine Aufwarts-Abtastung
(upsampling) des Restes des entsprechenden Voll-
bildes der niedrigeren Schicht (BL) umfasst.

Revendications

Procédé de codage de données vidéo en au moins
deux couches extensibles spatialement contenant
des trames passe-haut et des trames passe-bas
comme si obtenues par une décomposition tempo-
relle par ondelettes utilisant unfiltrage temporel com-
pensé en mouvement (MCTF), ou le codage se base
sur des étapes, de prédiction et de mise a jour, le
procédé comprenant les étapes consistant a

- coder les trames passe-bas, ou une prédiction
résiduelle inter-couches (ORP) au niveau des
trames peut étre utilisée ;

- diviser les trames passe-haut en deux groupes
de trames d’entrelacement ;

- coder les trames du premier desdits groupes
de trames, ou une prédiction résiduelle inter-
couches au niveau des trames peut étre
utilisée ; et

- coder les trames du deuxiéme des groupes de
trames a l'aide d’un procédé de codage sans
prédiction résiduelle inter-couches (NoRP).

Procédé selon la revendication 1, ou I'étape de co-
dage des trames du premier des groupes de trames
comprend la sélection d’'un parmi une pluralité de
modes de codage, ou au moins un des modes de
codage possibles utilise une prédiction résiduelle in-
ter-couches au niveau des trames (SRP), mais



15 EP 1 884 118 B9 16

aucun des modes de codage possibles utilise une
prédiction résiduelle inter-couches au niveau des
macroblocs.

Procédé selon la revendication 1 ou 2, ou le premier
groupe de trames comprend les trames passe-haut
paires et le deuxiéme groupe de trames comprend
les trames passe-haut impaires.

Procédé selon I'une quelconque des revendications
1a 3, oul'étape de codage des trames du deuxieme
des groupes de trames comprend une sélection du
mode de codage.

Signal vidéo comprenant au moins deux couches
extensibles spatialement (BL,EL), ou la couche su-
périeure (EL) contient des données de trame passe-
bas codées (P1,P2) etdes données de trame passe-
haut codées (B1.....B15) comme siobtenues parune
décomposition temporelle par ondelettes utilisantun
filtrage temporel compensé en mouvement (MCTF),
et ou les données de trame passe-haut codées con-
tiennent une indication du mode de codage et peu-
vent étre divisées en deux groupes, la division se
basant sur I'ordre séquentiel des trames, avec les
données de trame d’un de ces groupes (Bgyep,) CON-
tenant une indication indiquant si la trame a été co-
déeal'aide d’'une prédiction résiduelle inter-couches
et si au moins quelques-unes des trames ont été
codées a l'aide d’une prédiction résiduelle inter-cou-
ches au niveau des trames mais non au niveau des
macroblocs, et si les données de trame passe-haut
de l'autre de ces groupes (B qq) Ont été codées sans
utiliser de prédiction résiduelle inter-couches.

Procédé de décodage de données vidéo contenant
au moins deux couches extensibles spatialement,
ainsi que des trames passe-haut et des trames pas-
se-bas codées comme si obtenues par une décom-
position temporelle par ondelettes utilisant un filtrage
temporel compensé en mouvement (MCTF), ou le
décodage d’au moins les trames passe-hautse base
sur des étapes de prédiction inverse et de mise a
jourinverse, le procédé comprenant les étapes con-
sistant a

- décoder les trames passe-bas en fonction de
leur mode de codage ;

- déterminer, a partir de I'ordre séquentiel d’'une
trame passe-haut, si elle appartienta un premier
ouundeuxiéme (Bg,en, Bogq) groupe detrames ;
- décoder la trame passe-haut, ou si la trame
passe-haut appartient au premier groupe de tra-
mes (Bg,qn), e décodage utilise une prédiction
inter-couches au niveau des trames du résidu
utilisé pour les étapes de prédiction inverse et
de mise a jourinverse, et sila trame passe-haut
appartient au deuxiéme groupe de trames, le
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résidu utilisé pour les étapes de prédiction inter-
couches inverse et de mise a jour inverse est
obtenu sans prédiction.

Appareil de codage de données vidéo en au moins
deux couches extensibles spatialement, les don-
nées vidéo contenant des trames passe-haut et des
trames passe-bas comme si obtenues par une dé-
composition temporelle par ondelettes utilisant un
filtrage temporel compensé en mouvement (MCTF),
ou le codage se base sur des étapes de prédiction
et de mise a jour, comprenant

- moyen permettant de coder les trames passe-
bas, ou une prédiction résiduelle inter-couches
(ORP) au niveau des trames peut étre utilisée ;
- moyen permettant de diviser les trames passe-
haut en deux groupes de trames
d’entrelacement ;

- moyen permettant de coder les trames du pre-
mier desdits groupes de trames, ou une prédic-
tion résiduelle inter-couches au niveau des tra-
mes peut étre utilisée ; et

- moyen permettant de coder les trames du
deuxieme des groupes de trames a I'aide d’'un
procédé de codage sans prédiction résiduelle
inter-couches (NoRP).

Appareil selon la revendication précédente, ou le
moyen permettant de coder les trames du deuxiéme
des groupes de trames comprend un moyen permet-
tant de réaliser la sélection du mode de codage.

Appareil de décodage de données vidéo, les don-
nées vidéo contenant au moins deux couches ex-
tensibles spatialement, ainsi que des trames passe-
haut codées et des trames passe-bas codées com-
me si obtenues par une décomposition temporelle
par ondelettes utilisant un filtrage temporel compen-
sé en mouvement (MCTF), ou le décodage d’au
moins les trames passe-haut codées se base sur
des étapes de prédiction inverse au niveau des tra-
mes et de mise a jour inverse, I'appareil comprenant

- moyen permettant de décoder les trames pas-
se-bas en fonction de leur mode de cordage;

- moyen permettant de déterminer, a partir de
I'ordre séquentiel d’'une trame passe-haut, si
elle appartient a un premier ou un deuxiéme
(Bevan» Bodg) groupe de trames ;

- moyen permettant de décoder la trame passe-
haut, ou si la trame passe-haut appartient au
premier groupe de trames (B, ¢,), le moyen de
décodage réalise une prédiction inter-couches
au niveau des trames du résidu utilisé pour les
étapes de prédiction inverse et de mise a jour
inverse, et si la trame passe-haut appartient au
deuxiéeme groupe de trames, le résidu utilisé
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pour les étapes de prédiction inverse et de mise
a jour inverse est obtenu sans prédiction inter-
couches.

10. Procédé ou appareil selon I'une quelconque desre- 5
vendications précédentes, ou une prédiction rési-
duelle inter-couches destinée a une trame de la cou-
che supérieure (EL) comprend le sur-échantillonna-
ge du résidu de la trame correspondante de la cou-
che inférieure (BL). 10
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