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METHOD AND DEVICE FOR VIDEO CODING USING MACROBLOCK GROUPS

Field of the invention

This invention relates to a method and a device for wvideo

coding, and a method and a device for video decoding.

Background

Intra prediction is based on using previously reconstructed
data. In H.264/AVC, intra prediction is performed in units
of single macroblocks (MB). The macroblocks in a frame are
coded in raster scan order. In other words, there is only
one fixed MR coding order for the MBs in a frame to perform
intra prediction. Fig.l shows the raster scan order that
H.264/AVC uses to implement intra prediction: first all MBs
in a row MB;,MB,,..,MB.,1 are encoded, then the next row of
MBs follows and so on, until the last MB in the last row

MBr1,MBr2, ..., MBreoy is encoded.

FEach MB contains a plurality of blocks, typically 4x4 or
8x8 blocks. Within each MB, different raster scan orders
for the blocks are allowed. Limited by the linear MB raster
scan order, a MB can use data from the left and/or upper
reconstructed MB to perform intra prediction. It is the
same with 4x4 blocks inside the MB: the predictors of
various modes of all variable-size blocks are limited to
the left and upper neighbors. Taking 4x4 block intra
prediction as an example, the predictors and the prediction
directions are shown in Fig.2. In one mode, indicated by
predictor 1, horizontal prediction from left to right is
used. E.g. blocks a,b,c,d are successively predicted from

block I of the neighboring MB. All available prediction



WO 2010/084037 PCT/EP2010/050131

10

15

20

25

30

modes predict either left-to-right or up-down, except mode
2 which predicts based on an average DC value (not shown in

Fig.2) .

Summary of the Invention

The present invention improves intra-prediction in various

aspects.

According to one aspect of the invention, multiple MBs are
grouped for being encoded. Each group of MBs is intra-coded
as a separate encoding unit, wherein different raster scan
orders within a group are possible. The employed raster

scan order is indicated by an indication, e.g. flag.

Usually a group comprises MBs that belong to at least two
lines and at least two columns of MBs. In a basic
embodiment, a MB group covers a rectangular area of MxN MBs
(N >1 or M > 1). The invention is particularly useful for
embodiments where both, N > 1 and M > 1, because more

different raster scan orders are possible to be used.

According to one aspect of the invention, a MB group based
intra prediction method is disclosed, wherein reconstructed
MBs right and/or below a current MB are available for
prediction, besides the left and upper reconstructed MBsg,
depending on the employed raster scan type. New raster scan
types may be used, including bi-directional (same as bi-
linear) prediction, right-to-left prediction and/or down-up

prediction.

According to one aspect of the invention, an enhanced

encoding syntax for MB group encoded video comprises



WO 2010/084037 PCT/EP2010/050131

10

15

20

25

30

3

encoding units, each comprising a MB group with a plurality
of MBs and a MB group raster scan indication. The order of
the MBs within the MB group and within the encoding unit is
variable. The encoding/decoding order of MBs is indicated
by a MB group raster scan indication. In one embodiment,
the encoded MBs are put into the encoding unit in the order
of their encoding, and can be retrieved from the encoding

unit in the order of their encoding/decoding.

According to one aspect of the invention, a video encoder
comprises means for dividing a video image into a plurality
of MB groups, means for determining an individual raster
scan type within a MB group, means for encoding the MBs of
the MB group using intra prediction according to the
determined raster scan type, and means for forming or
generating an encoded video stream, wherein a MB group
header with a raster scan type indication is inserted into
the video stream. In one embodiment, the encoded MBs of the
MB group are inserted into the video stream in the order of

their encoding.

According to one aspect of the invention, a new context
generation scheme according to the new intra prediction
framework comprises analyzing a current MB group raster
scan type and a current MB position, and depending on both
determining for the current MB a prediction mode, wherein
for the determining additionally a predictor indication may
be used. The predictor indication may be similar to the
conventional direction predictors of Fig.2. However, while
a conventional predictor needs to be unique with respect to
all existing prediction directions (nine in Fig.2), the
enhanced predictor indication needs to be unique only with

respect to the current MB position and the already recon-
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structed neighboring MBs of the current MB group. The
above-mentioned aspects may be applied alone or combined.
Advantageous embodiments of the invention are disclosed in
the dependent claims, the following description and the

figures.

Brief description of the drawings

Exemplary embodiments of the invention are described with

reference to the accompanying drawings, which show in

Fig.l raster scan order used in H.264/AVC in intra frame
coding,

Fig.2 a 4x4 block with its boundary pixels and 9 intra
prediction modes,

Fig.3 MB groups of MxN MBs for a frame-size of WxH MBs,
Fig.4 different prediction circumstances of a MB group,
Fig.5 sample coding orders for a 2x2 MB group with
different neighborhood circumstances,

Fig.6 sample 16x16 prediction modes for MBs in left-up
circumstance,

Fig.7 sample 16x16 prediction modes for MBs in up-down
circumstance,

Fig.8 sample 1l6xl6 prediction modes for MBs in left-up-down
circumstance,

Fig.9 sample 16x16 prediction modes for MBs in left-up-
right-down circumstance,

Fig.1l0 sample prediction modes for 4x4 blocks in left-up
circumstance,

Fig.1l1l sample prediction modes for 4x4 blocks in up-down

circumstance,
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Fig.1l2 sample prediction modes for 4x4 blocks in left-up-
right circumstance,

Fig.1l3 sample prediction modes for 4x4 blocks in left-up-
right-down circumstance,

Fig.14 start blocks in a MR,

Fig.1l5 coding orders with different start blocks,

Fig.16 an exemplary encoded video stream,

Fig.1l7 the order of the MBs in an encoded stream, and

Fig.18 the structure of an encoder and a decoder.

Detailed description of the invention

The present invention may improve intra prediction design,
e.g. of the current H.264/AVC standard, at least in the
following aspects:

First, a group of MBs may be encoded in the order that
generates minimum rate-distortion (R-D) cost.

Second, a new intra prediction method is employed when
right and/or down reconstructed MBs are available, besides
the left and up reconstructed MBs.

Third, a new syntax for the MB layer is designed, and a new
context generation scheme is proposed according to the new

intra prediction framework.

To achieve above mentioned improvements, a MB group based
intra prediction framework and method is proposed, e.g. for
H.264/AVC. Advantages of the proposed method are that it
achieves much better coding efficiency and also allows
parallel execution, which makes parallel implementations
possible. The coding order of MBs inside a group is
selected by choosing the lowest R-D cost of all possible

coding orders (i.e. rate-distortion optimization (RDO) is
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used), while the bit-stream structure is re-organized
corresponding to the selected coding order.

An input frame is divided into several different groups of
MBs. Each group is coded as one unit. The different groups
are coded in a raster scan order. Different coding orders
of MBs in one group are tested in order to find the best
coding order with the lowest R-D cost of the group. The
chosen coding order of the MB group is indicated in the

bit-stream to ensure correct decoding.

Instead of using a MB as a unit for intra prediction, a
group of MBs is used as a unit for intra prediction. Many
different kinds of coding orders of MBs in one group can be

performed to get the lowest R-D cost in intra prediction.

1. Macroblock group

In H.264/AVC, a frame is divided into MBs of size 16x16
which are coded in raster scan order. According to the
invention, an input frame is divided into groups of MBs
with e.g. MxN MBs per group. The different groups can be
encoded/decoded in raster scan order, 1.e. linear. However,
one advantage of the invention is that different MB groups
can be encoded/ decoded in parallel, as long as for the
processed MB groups the required neighboring MB groups are
available for prediction. Further, parallel processing of
some MBs within a MB group may be possible, depending on

the prediction mode.

An exemplary proposed formation of MB groups in a frame is
shown in Fig.3 a), where the frame width is W MBs and the
frame height H MBs. The MB group size chosen here is MxN

MBs. It is to be noted here that although in this example

all MB groups have same size, the MB group size may in
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principle vary within a frame. In that case, the required
processing and buffering capacity is higher and another
indication is used for indicating the current MB group
size. However, the MBs of a MB group are always adjacent to
each other, so that a MB group is a coherent area of the
picture. MB groups are easily coded in raster scan order
line-by-line (in terms of lines of MB groups). However,
each MB group has its own internal MB raster scan order for
scanning its MxN MBs. One exemplary MB group is shown in
Fig.3 b). Other than creating a “super MB”, the encoded MBs
that belong to the MB group are still separate from each
other (e.g. the MB structure is maintained in the encoded
signal), but new intra prediction modes may be employed

within a MB group, as will be explained in the following.

Due to the linear raster scan order used for the MB groups,
four different so-called neighborhood circumstances exist
for MB groups: none, left, up, or left-up. These are shown
in Fig.4. Each MB group may use intra prediction also from
left or upper neighbor groups, like it was conventionally

done for single MBs.

2. Coding Order

Different possibilities of coding orders for MBs in a group
can be chosen to perform intra prediction, according to

different neighborhood circumstances of the MB group.

R-D costs of a MB group in different coding orders are
compared to get the best coding order, i.e. the coding
order with the lowest R-D cost. The coding order is written
into the resulting bit-stream to ensure correct decoding.

Detailed syntax examples are listed below.
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To illustrate the idea further, a 2x2 MB group is taken as
an example. The neighborhood status and four sample coding
orders of the 2x2 MB group are shown in Fig.5. It is to be
noted that the coding orders can be designed flexibly,
using in principle any sequential or parallel combination

of the MBs in order to reach optimal coding performance.

It is however to be considered that not all possible coding
orders are useful, particularly for MB groups larger than
2x2 MBs. These MB groups can use specific sets of MB coding
order options similar to the 2x2 MB group case. The design
of the coding order can be customized to guarantee maximum
coding efficiency. In one embodiment of the invention only
some pre-defined coding orders are allowed for MB groups,
depending on the current neighborhood situation. This has
at least two advantages:

First, the processing load during encoding is lower because
fewer choices need to be investigated. Second, the scan
type indication may be shorter, because fewer options are
available. At least in the case of linear scanning of the
MB groups, a particular scan type indication for a MB group
can indicate different raster scan types, depending on the
neighborhood situation of the MB group. E.g. a scan type
indication may indicate a particular raster scan type in a
MB group that has an upper neighbor MB group, and indicate
a different raster scan type in a MB group that is on the

upper edge and therefore has no upper neighbor.

3. Prediction mode

In the proposed method, one MB may use also right or down
reconstructed MBs to perform intra prediction. Thus the
neighborhood circumstances for one MB increase from four

(none, left, up, left-up) in H.264/AVC to sixteen (none,
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left, up, right, down, right-down, etc.). New prediction
modes for intral6xl6 are proposed in chapter 3.1 to deal
with new neighborhood circumstances. New prediction modes
for intrad4x4 are proposed in chapter 3.2 for the same
reason with intralexl6. Intra prediction usually comprises
predicting a current MB from a reconstructed MB,
determining the difference which is known as residual, and
entropy coding the residual, and that decoding usually
comprises entropy decoding received video data, wherein
residuals are obtained, performing prediction using
previously reconstructed MBs and adding the prediction

result and the residual.

3.1 Intra 16x16 prediction mode

Exemplary Intra 16x16 prediction modes are shown in figures
6-9. However, in principle the prediction modes for
different circumstances can be designed flexibly, using all

available neighbors, in order to get an optimal prediction.

Fig.6 shows four sample prediction modes in a case where
left and up neighbors are available. Similar prediction
modes can be constructed in neighboring MB availability
circumstances of up-right, right-down and down-left. In
Fig.6 a), it is optimal to use pure vertical intra predic-
tion downwards. In Fig.6 b), a horizontal intra prediction
left-to-right is optimal. In Fig.6 c), intra prediction is
done using an average DC value of upper and left neighbor.
Fig.6 d) is a case where diagonal intra prediction is
optimal. The cases a)-c) mainly corresgspond to conventional

intra prediction encoding modes, as shown in Fig.2.

When up and down neighbors are available, as it may happen

for MBs within a MB group, sample prediction modes as shown
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in Fig.7 are available. Similar prediction modes can be
constructed in neighboring MB availability circumstance of
left-right. Fig.7 a) shows a case where bi-linear vertical
intra prediction is optimal. Fig.7 b) shows vertical
downwards intra prediction, Fig.7 ¢) vertical upwards intra
prediction and Fig.”7 d) intra prediction base on DC average

of upper and lower neighbor.

When three neighbors are available, as it may happen for
MBs within a MB group, sample prediction modes are as shown
in Fig.8 which takes left-up-right as an example. In Fig.8
a), it is optimal (in terms of RDQO) to use vertical intra
prediction downwards, although left and right neighbors are
also available. In Fig.8 b), bi-linear intra prediction is
shown between neighbors opposite to each other, i.e. left
and right MBs. Fig. 8d) shows an intra prediction mode that
combines both, e.g. by superposition, and Fig.8 c¢) shows
intra prediction based on DC average of the available

neighbor MBs.

When all four neighbors of a MB are available, as it may
happen for MBs within a MB group, sample prediction modes
are as shown in Fig.9. Fig.9 a) shows a case where, in this
neighborhood circumstance, bi-linear vertical intra
prediction between upper and lower neighbor gives optimal
encoding results. In Fig.9 b), bi-linear intra prediction
between neighbors opposite to each other is optimal, in
this case left and right MBs. Fig. 9 d) shows an intra
prediction mode using a combination of vertical and
horizontal bi-linear intra prediction, and Fig.9 c¢) shows
intra prediction based on DC average of the available

neighbor MBs.
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Though the cases shown in Figs.6-9 are exemplary, they
provide a good set of allowed choices for intra predicting
16x16 MBs. That is, for each 16x16 MB within a MB group it
may be determined which of the neighborhood circumstances
apply, and which of the prediction modes shown is optimal.
Further, in one embodiment it is sufficient to use a 2-bit
intra prediction type indication per MB, since depending on
the neighborhood circumstances always four MB prediction
modes are allowed. E.g. if a MB intra prediction indication
indicates “Mode 17, it may mean vertical intra prediction
downwards if for the current MB left and up neighbors are
available, as in Fig.6 a). But the same indication may mean
bi-directional vertical prediction if for the current MB up
and down neighbors are available, as in Fig.7 a). Thus, the
indication requires fewer bits, since its meaning depends
on the available neighbor MBs. This is pre-determined due
to the raster scan order of the MB group, which defines the
sequential order of encoding and decoding the MBs within

the MB group.

It has been found that for 16x16 intra prediction it is
very hard to predict in a diagonal mode using the upper and
bottom (or left and right) predictors, since then the
average accuracy is not good. Diagonal modes may therefore
be skipped in these cases. Instead, prediction modes that
use bi-linear interpolation usually give better results. In
certain cases however, e.g. for certain sequences, it may

still be beneficial to employ diagonal modes.

3.2 Intra 4x4 prediction modes

Intrad4x4 prediction modes in the proposed method are shown

in Figs.10-13. It is to be noted that the prediction modes
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for different circumstances can be designed flexibly using

all available neighbors in order to get optimal prediction.

When left and up neighbors are available, sample prediction
modes as shown in Fig.1l0 a)-i) can be used. There are
similar prediction modes in the other neighboring 4x4 block
availability circumstances: up-right, right-down and down-
left. As an example, Fig.1l0 k) shows a case where up and
right neighbors are available. All the new modes disclosed

herein allow enhanced video coding and data compression.

When up and down neighbors are available, sample prediction
modes as shown in Fig.ll may be used. There are similar
prediction modes in neighboring 4x4 block availability
circumstance of left-right. Fig.ll a) shows a bi-linear

intra prediction between up and down neighbors.

When there are three neighbor MBs available, sample
prediction modes are exemplarily shown in Fig.12, which
takes left-up-right as an example. E.g. Fig.1l2 b) shows a
bi-linear intra prediction between left and right

neighbors.

When all four neighbor MBs of a 4x4 MB are all available,
sample prediction modes are shown in Fig.13. E.g. Fig.13 a)
and b) show bi-linear intra prediction (that is: intra

prediction using bi-linear interpolation).

For 4x4 blocks, the proposed modes are much more delicate
than the conventional modes, since they cover more texture
prediction direction possibilities. The conventional DIAG

mode for 1l6xl6 is only a 45 degree prediction. As shown in
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the above-mentioned figures, we have as an additional mode

26.6 degree prediction in different directions.

4. Entropy coding related update

In H.264/AVC, a context model of entropy coding methods,
namely CAVLC and CABAC, is limited to left and upper
neighbors. In the proposed method, changes oriented to the
right or down neighbors are made to the context model of

entropy coding methods.

4.1 Coding orders of 4x4 blocks in MB

Selection of a starting 4x4 block is wvariable. In one
embodiment, the starting 4x4 block is determined by:

startd4x4block=B;, (i=Max(E;<<2 | P;)) (1)

where By, B:;, B; and Bs; equal to block 0, 5, 15 and 10 (as
shown in Fig.14) correspondingly, and priority levels
Py=0x03, P;=0x02, P,=0x01 and P3=0x00 are given to By, Bi, B
and Bs, and where Ey, E;, E; and E; equal the number of re-
constructed neighbor MBs of block Bg, Bi, B and Bs. Thus,
entropy coding of blocks within a MB may also start from
the upper right block or the lower right block. Four diffe-
rent coding orders towards four different starting blocks
are shown in Fig.15. The block with the emphasized number

is the starting block in the corresponding coding order.
It is to be noted that coding orders of 4x4 blocks in MB
can be according to Fig.l1l5, or according to the intra

prediction order in intrad4x4 prediction.

4.2 CAVLC context update

The following is an embodiment using CAVLC (Content-

adaptive Variable Length Coding). In an encoding process
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for total number of transform coefficient levels and
trailing ones in H.264/AVC, the following operations can be
implemented. When the CAVLC encoding process is invoked for
Intralexle6DCLevel, luma4x4BlkIdx is set equal to 0. nA and
nB are the number of non-zero transform coefficient levels
in the block of transform coefficient levels blkA located
to the left of the current block and the block of transform
coefficient levels blkB located above the current block,

respectively.

Given the values of nA and nB, the variable nC is derived
as follows.
If both mbAddrA and mbAddrB are available, the
variable nC is set equal to ( nA + nB + 1 ) >> 1.
Otherwise (mbAddrA is not available or mbAddrB is not
available), the wvariable nC is set equal to nA + nB.
When the CAVLC encoding process is invoked for
intraléxl6DCLevel, lumad4x4BlkIdx is set equal to the index

of the starting block described in chapter 4.1

Let currBlkAddrA, currBlkAddrB, currBlkAddrE, currBlkAddrF
be the availability of left, up, right, down block of
current 4x4 blocks. Let nE and nF be the number of non-zero
transform coefficient levels in the block of transform
coefficient levels located to the right of the current
block and the block of transform coefficient levels located

below the current block, respectively.

Given the values of nA, nB, nkE and nF, currBlkAddrA,
currBlkAddrB, currBlkAddrE and currBlkAddrF, the wvariable

nC 1s derived as follows.
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If all of currBlkAddrA, currBlkAddrB, currBlkAddrE and
currBlkAddrF are available, the variable nC is set equal to
(NA+nB+nE+nF+2) >> 2.

If currBlkAddrA, currBlkAddrB, currBlkAddrE are
available, the variable nC is set equal to
(nA+nB+nE+1.5) /3. Other circumstances with three neighbors
available can be derived similarly from above formula.

If currBlkAddrZA and currBlkAddrB are available, the
variable nC is set equal to (nA+nB+1)>>1. Other
circumstances with two neighbors available can be derived
similarly from above formula.

If currBlkAddrA is available, the variable nC is set
equal to nA. Other circumstances with one neighbor

available can be derived similarly.

4.3 CABAC context update

The following is an embodiment using CABAC (Content-based
Adaptive Binary Arithmetic Coding). In an encoding process
for MB layer syntax in H.264/AVC, CABAC uses left and upper
neighbors to code the MB layer syntax elements. In the
proposed method, right and down neighbors are added to code

the MB layer syntax element.

For each syntax element at MB layer in the syntax table,
the variable ctxIdxInc is derived as

ctxIdxInc = condTermFlagA + condTermFlagB.

CondTermFlagA and condTermFlagR are availability of left
and upper MBs.

In the proposed method, the variable ctIdxInc is calculated
as follows:

ctxIdxInc = Sum>2 ? 2 : Sum
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Sum = (condTermFlagA + condTermFlagB + condTermFlagE +

condTermFlagF)

CondTermFlagE and condTermFlagF are variables standing for

the availability of right and down MBs.

5 Syntax update for H.264/AVC

The following is an embodiment where the invention is used
to enhance the H.264/AVC video coding standard. Syntax
element mb order in group 1s proposed to add into
macroblock layer syntax table in order to notify the
decoder of the decoding order of MBs in one group. Syntax
element block in mb added to mb pred syntax table in order

to notify the decoding order of the 4x4 blocks within a MB.

The syntax for the proposed macroblock layer() is shown in
Tab.l. It is noted here that this kind of syntax is known
to define actually the structure of a bit-stream fraction.
In the example of Tab.l, the defined bit-stream fraction is
on MB layer, and if a previously read flag IndexInMBGroup
been set to zero, the first two bits of the bit-stream
indicate mb order in group, and the next two bits as

mb type. Otherwise, the first two bits of the bit-stream

are interpreted as mb type, and so on.

The variable IndexInMBGroup stands for the order of the MB

in its group according to the coding path.

The new element mb order in group indicates the decoding
order of MBs in one group. While in this example it has two
bits, it may have more bits if more intra prediction modes
are defined as being allowed. The remaining parameters are

defined as the standard.
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macroblock layer( ) { C | Descriptor
if( IndexInMBGroup==10)
mb_order_in_group 2 | ue(v)| ae(v)

mb_type

ue(v) | ae(v)

if(mb_type==1 PCM ) {

while( !byte_aligned() )

pem_alignment_zero_bit

f(1)

for(1=0;1<256 * ChromaFormatFactor; i++)

pem_byte[ 1]

u(y)

}else {

if( MbPartPredMode( mb_type, 0 ) != Intra 4x4 &&

MbPartPredMode( mb_type, 0 ) != Intra 16x16 &&
NumMbPart( mb type) == 4)

sub_ mb_pred( mb_type )

Else

mb_pred( mb_type )

if( MbPartPredMode( mb_type, 0 ) = Intra 16x16)

coded_block_pattern

me(V)| ae(v)

if( CodedBlockPatternLLuma > 0 | | CodedBlockPatternChroma > 0 | |

MbPartPredMode( mb type, 0 ) == Intra 16x16) {

mb_qp_delta

se(v) | ae(v)

residual( )

314

}

Table 1: Macroblock layer syntax

The syntax for a proposed MB prediction is shown in Tab.Z2.

The variable IndexInMB stands for the order of 4x4 blocks

in MB in the coding path. The element block order in mb

indicates the decoding order of 4x4 blocks in one MB. The

remaining parameters are defined as in the H.264/AVC

standard.
1 | mb_pred( mb type) { C | Descriptor
2 if{ MbPartPredMode( mb_type, 0 ) == Intra 4x4 ||
MbPartPredMode( mb_type, 0) == Intra _16x16) {
3 if{ MbPartPredMode( mb_type, 0 ) == Intra 4x4)
4 if( IndexInMB ==10)
5 block_order_in_mb 2 | ue(v) | ae(v)
6 for( lumad4x4Blkldx=0; luma4x4Blkldx<16; luma4x4Blkldx++ ) {

Table 2: Macroblock prediction syntax
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prev_intra4x4_pred_mode_flag| lumad4x4Blkldx ] 2 | u(l) | ae(v)
if( Iprev_intradx4 pred mode flag] luma4x4BlkIdx | )
rem_intradx4 pred_mode[ lumad4x4BlkIdx | 2 [ u(3) | ae(v)
10 }
11 intra_chroma_pred_mode 2 | ue(v) | ae(v)
12 } else if( MbPartPredMode( mb_type, 0 ) != Direct ) {
13 for( mbPartldx = 0; mbPartldx < NumMbPart( mb_type ); mbPartldx++)
14 if{ (num_ref idx 10 active minusl >0 ||

mb_field decoding flag ) &&
MbPartPredMode( mb_type, mbPartldx ) != Pred L1)

15 ref_idx_10[ mbPartldx ] 2 | te(v) | ae(v)
16 for( mbPartldx = 0; mbPartldx < NumMbPart( mb_type ); mbPartldx++)
17 if{ (num_ref idx 11 active minusl > 0 ||

mb_field decoding flag ) &&
MbPartPredMode( mb_type, mbPartldx ) != Pred 10)

18 ref_idx_11[ mbPartldx ] 2 | te(v) | ae(v)
19 for( mbPartldx = 0; mbPartldx < NumMbPart( mb_type ); mbPartldx++)

20 if( MbPartPredMode ( mb_type, mbPartldx ) != Pred L1)

21 for( compldx = 0; compldx < 2; compldx++)

22 mvd_10[ mbPartldx ][ 0 ][ compldx ] 2 | se(v) | ae(v)
23 for( mbPartldx = 0; mbPartldx < NumMbPart( mb_type ); mbPartldx++)

24 if( MbPartPredMode( mb_type, mbPartldx ) != Pred LO)

25 for( compldx = 0; compldx < 2; compldx++)

26 mvd_11[ mbPartldx ][ 0 ][ compldx ] 2 | se(v) | ae(v)
27 ¥

28 |}

Table 2: Macroblock prediction syntax (continued)

Bit stream structure

Fig.16 shows an exemplary bit-stream with encoded video
according to the invention. The stream S comprises at least
one (though usually many) MB group encoding units MBGU,
where each unit comprises two portions: one portion GH1 for
structural information, such as a header, and one portion
MBG1l for the actual image data. The image data are MB data
(mostly residual data) of the MBs that belong to the MR
group, and the structural information comprises decoding
information, namely the order of encoding. The same order
is to be used for decoding the MBs of the group.

Fig.1l7 shows an example of intra-prediction within a MB
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group, and how the single MBs will be ordered within the
Stream. It is in principle as Fig.5b), second case, but
with a larger MB group (4x4 instead of 2x2). Some MBs
MR31,MB41,MB32,MB42 can be bi-directionally predicted in
this case. Fig.1l7 b) shows a corresponding fraction of the
encoded bit-stream. In this embodiment the order of MBs

within the stream depends on the decided prediction order.

Fig.18 shows the structure of an exemplary encoder in the
upper portion and an exemplary decoder in the lower
portion. Conventional parts are omitted. Buffers B are used

when the MBs of a MB group are ordered or re-ordered.

The encoder comprises at least the following units: a
section generating unit ebl with means for dividing a wvideo
image into a plurality of MB groups, a raster scan type
determining unit eb2 with means for determining a raster
scan type RST from a plurality of raster scan types within
a MB group, an encoding unit eb3 with means for encoding
the MBs of the MB group according to the determined raster
scan type, and a stream generating unit eb4 with means for
generating an encoded video stream, wherein the MB group is
inserted as a data block into the video stream. The data
block comprises the encoded MBs and a MB group header with
an indication indicating the determined raster scan type,
so as to enable decoding. The encoding unit eb3 uses intra
prediction. The encoded video data Venc are then transmit-

ted, including possible storage.

On the receiver side RX, a decoder comprises a data
extraction unit dbl with means for extracting from received
video data an encoding unit that comprises a group of MBs

and a MB group header, as shown in Fig.16, wherein the MB
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group header comprises a raster scan type indication. The
decoder further comprises a decoding unit db2 with means
for decoding the group of MBs, wherein intra prediction is
used and wherein the order of the MBs within said group of
MBs is determined by said raster scan type indication. When
the single MBs are decoded as described above, conventional
decoding steps may follow. A buffer B is available in the
decoding unit db2, for re-ordering the MBs of an image so

that subsequent conventional steps can be performed.

As described above, various advantageous embodiments of the

invention are possible, as follows.

In one embodiment, a video encoder comprises means for
dividing a video image into a plurality of MB groups, means
for determining one of a plurality of raster scan types
within a MB group, means for encoding the MBs of the MR
group according to the determined raster scan type, wherein
intra prediction is used, and means for generating an
encoded video stream, wherein the MB group is inserted as a
data block into the video stream, the data block comprising
the encoded MBs and a MB group header with an indication

indicating said determined raster scan type.

In one embodiment of the video encoder, said means for
determining a raster scan type within a MB group further
comprises means for comparing the encoding results of
different raster scan types, wherein RDO is used, and means

for selecting the raster scan type with minimum RDO.

In one embodiment, a video decoder comprises means for
extracting from received video data at least one encoding

unit that comprises a group of MBs and a MB group header,
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wherein the MB group header comprises a raster gscan type
indication, and means for decoding the group of MBs,
wherein intra prediction is used and wherein the order of
the MBs within said group of MBs is determined by said

raster scan type indication.

In one embodiment of the video encoder and/or the video
decoder, intra prediction is performed within the MB group

across MB boundaries.

In one embodiment, a macroblock intra prediction indication
is unique only within the context of the macroblock, and a
video encoder and/or decoder comprise means for determining
for said at least one macroblock which neighbor macroblocks
have already been reconstructed, means for determining from
said macroblock intra prediction indication an intra
prediction mode, depending on the available reconstructed
neighbor blocks, and means for encoding or decoding the
macroblock according to said determined intra prediction

indication.

In one embodiment, a method for video encoding comprises
steps of dividing a video image into a plurality of MR
groups, determining one of a plurality of raster scan type
within a MB group, encoding the MBs of the MB group
according to the determined raster scan type, wherein intra
prediction is used, and generating an encoded video stream,
wherein the encoded MB group is inserted as a data block
into the video stream, the data block comprising the
encoded MBs and a MB group header with an indication

indicating said determined raster scan type.

In one embodiment of the method for video encoding, said
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step of determining a raster scan type within a MB group
further comprises steps of comparing the encoding results
of different raster scan types, wherein RDO is used for the
comparing, and selecting the raster scan type with minimum

RDO.

In one embodiment, a method for video decoding comprises
steps of extracting from received video data at least one
encoding unit that comprises a group of MBs and a MB group
header, wherein the MB group header comprises a raster scan
type indication, and decoding the group of MBs, wherein
intra prediction is used and wherein decoding order of the
MBs within said group of MBs is determined by said raster

scan type indication.

In one embodiment of the method for video encoding and/or
the method for video decoding and/or the video encoder

and/or the video decoder, bi-directional intra prediction
is performed between two MBs opposite to each other for at

least one MB.

In one embodiment of the method for video encoding and/or
the method for video decoding and/or the video encoder
and/or the video decoder, a group of MBs comprises NxM MBs,
with N being at least two MB lines or M being at least two

MB columns. In an embodiment, both N and M are more than 1.

In one embodiment of the method for video encoding and/or
decoding, said MB header further comprises a start position
indicating the position of the first MRB.

In one embodiment of the method for decoding, at least one
of said MBs comprises a MB intra prediction indication that

is unique only within the context of said MB, the method
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further comprising steps of determining for said at least
one MB which neighbor MBs have already been reconstructed,
depending on the available reconstructed neighbor blocks,
determining from said MB intra prediction indication an
intra prediction mode, and encoding or decoding the MB

according to said determined intra prediction indication.

In one embodiment, an encoded video signal comprises at
least one encoding unit, wherein the encoding unit
comprises a header comprising a raster scan type indication
that refers to a MB group, and a MB group that comprises a
plurality of encoded MBs, wherein the MBs are intra
predicted and wherein the encoding order and/or decoding
order of the MBs within said MB group is indicated by said

raster scan type indication.

In one embodiment, the encoded video signal comprises at
least two encoding units and further comprises a higher
order header that comprises a default raster scan type
indication for said plurality of encoding units, wherein
the default raster scan type indication may be overruled by

each encoding units’ MB group header.

It will be understood that the present invention has been
described purely by way of example, and modifications of
detail can be made without departing from the scope of the
invention. Each feature disclosed in the description and
(where appropriate) the claims and drawings may be provided
independently or in any appropriate combination. Features
may, where appropriate be implemented in hardware, soft-
ware, or a combination of the two. Reference numerals
appearing in the claims are by way of illustration only and

shall have no limiting effect on the scope of the claims.
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Claims

1. Video encoder comprising

means (ebl) for dividing a video image into a plura-
lity of macroblock groups;

means (eb2) for determining a raster scan type within
a macroblock group:;

means (eb3) for encoding the macroblocks of the
macroblock group according to the determined raster
scan type, wherein intra prediction is used and bi-
directional intra prediction is performed for at least
one macroblock of the macroblock group, and wherein
entropy coding of blocks within a macroblock is
performed, starting from the upper right block or the
lower right block of the macroblock; and

means (eb4) for generating an encoded video stream
(Venc), wherein the MB group is inserted as a data
block (MBGU) into the video stream, the data block
comprising the encoded macroblocks (MBGl) and a
macroblock group header (H1,H2) with an indication

indicating said determined raster scan type.

2.Video decoder comprising

means (dbl) for extracting from received video data at
least one encoding unit that comprises a group of
macroblocks and a macroblock group header (H1),
wherein the macroblock group header (H1) comprises a
raster scan type indication; and

means (db2) for decoding the group of macroblocks,
wherein intra prediction is used and bi-directional
intra prediction is performed for at least one
macroblock, and wherein the order of the macroblocks

within said group of macroblocks is determined by said
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raster scan type indication, and wherein entropy
decoding of blocks within a macroblock is performed,
starting from the upper right block or the lower right
block of the macroblock.

. Video encoder according to claim 1 or video decoder

according to claim 2, wherein each macroblock of a wvideo

image is assigned to a macroblock group.

. Video encoder according to claim 1 or 2 or video decoder

according to claim 2 or 3, wherein each group of macro-
blocks comprises NxM macroblocks, with N being at least
two macroblock lines and M being at least two macroblock

columns.

. Video encoder according to claim 1, 3 or 4, or video

decoder according to claim 2, 3 or 4, wherein intra
prediction is performed only within the macroblock group

and across macroblock boundaries.

. Method for video encoding, comprising steps of

- dividing (ebl) a video image into a plurality of
macroblock groups:

- determining (eb2) a raster scan type (RST) within a
macroblock group:;

- encoding (eb3) the macroblocks of the macroblock group
according to the determined raster scan type (RST),
wherein intra prediction is used and bi-directional
intra prediction is performed for at least one
macroblock of the macroblock group, and wherein
entropy coding of blocks within a macroblock is
performed, starting from the upper right block or the
lower right block of the macroblock; and
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generating (eb4) an encoded video stream (Venc),
wherein the encoded macroblock group is inserted as a
data block (MBGU) into the video stream, the data
block comprising the encoded macroblocks (MBGl) and a
macroblock group header (H1,H2) with an indication

indicating said determined raster scan type.

7. Method for video decoding, comprising steps of

extracting (dbl) from received video data at least one
encoding unit that comprises a group of macroblocks
and a macroblock group header (H1), wherein the
macroblock group header (H1) comprises a raster scan
type indication; and

decoding (db2) the group of macroblocks, wherein intra
prediction is used and bi-directional intra prediction
is performed for at least one macroblock, and wherein
decoding order of the macroblocks within said group of
macroblocks is determined by said raster scan type
indication, and wherein entropy decoding of blocks
within a macroblock is performed, starting from the
upper right block or the lower right block of the

macroblock.

8. Method for video encoding according to claim 6 or method

for video decoding according to claim 7, wherein each

macroblock of a video image is assigned to a macroblock

group.

9. Method for video encoding according to claim 6 or 8, or

method for video decoding according to claim 7 or 8,

wherein a group of macroblocks comprises NxM macroblocks

with N being at least two macroblock lines or M being at

least two macroblock columns.
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Method according to one of the claims 6-9, wherein
said macroblock header (H1) further comprises a start
position indicating the position of the first

macroblock.

Method for encoding according to one of the claims 6

or 8-10, or method for decoding according to one of the

claims 7-10, wherein at least one of said macroblocks

comprises a macroblock intra prediction indication that

is unique only within the context of said macroblock,

the method further comprising steps of

- determining for said at least one macroblock which
neighbor macroblocks have already been reconstructed;

- depending on the available reconstructed neighbor
blocks, determining from said macroblock intra
prediction indication an intra prediction mode; and

- encoding or decoding the macroblock according to said

determined intra prediction indication.

Method for encoding according to claim 11, or method
for decoding according to claim 11, wherein the meaning
of a macroblock intra prediction indication depends on
the available neighbor macroblocks of said at least one

encoded macroblock.

Encoded video signal, comprising at least one encoding

unit (MBGU), the encoding unit comprising

- a header (H1,H2) comprising a raster scan type
indication that refers to a macroblock group;

- a macroblock group comprising a plurality of encoded

macroblocks, wherein the macroblocks are intra

predicted and wherein the encoding order and/or
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decoding order of the macroblocks within said
macroblock group is indicated by said raster scan type

indication.

Encoded video signal according to claim 12, further
comprising a plurality of encoding units (MBGU) and a
higher order header (SH) that comprises a default raster
scan type for said plurality of encoding units (MBGU),
wherein the default raster scan type may be overruled by

said encoding units’ macroblock group header.

Encoded video signal according to claim 12 or 13,
wherein at least one encoded macroblocks comprises a
macroblock intra prediction indication that is unique
only within the context of said macroblock, and wherein
the meaning of said macroblock intra prediction
indication depends on the available neighbor macroblocks

of said at least one encoded macroblock.
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