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(57) Abstract: Several attempts have been tried to improve the performance of intra-prediction in video encoding and decoding,
which are targeting at pixel level parallelization. However, the prior art methods provide no solution for implementing an im-
proved intra-prediction method on a parallel processing platform. The present invention uses estimated predictors instead of re-
constructed exact predictors. This enables faster estimation of predictors, and allows an encoder to perform intra-prediction for all
blocks of at least a portion of an image simultaneously. A method for encoding image data, a device for encoding image data, a
method for decoding image data and a device for decoding image data are disclosed.
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METHOD AND APPARATUS FOR ENCODING/DECODING IMAGE DATA

Field of the invention

This invention relates to a method and an apparatus for
encoding image data, and a method and an apparatus for

decoding image data.

Background

This section is intended to introduce the reader to various
aspects of art, which may be related to various aspects of
the present invention that are described and/or claimed
below. This discussion is believed to be helpful in
providing the reader with background information to
facilitate a better understanding of the various aspects of
the present invention. Accordingly, it should be understood
that the statements in this section-are to be read in this

light, and not as édmissions,of prior art.

Various video coding standards, e.g. MPEG-4 Part 10/AVC,
apply a spatial based intra prediction algorithm for taking
advantage of spatial redundancy within images. The intra
prediction is done for Various block sizes (e.g. 4x4, 8x8
and 16x16). Taking 4x4 block intra prediction as an example,
there are in AVC nine pre-defined spatial predictors and the
prediction directions for predicting. One of the biggest
issues of intra prediction schemes employed in AVC is its
complexity. In order to make a correct prediction of the
current block, the blocks that are located on the left and
upper side of a current block are reconstructed first, after
their own encoding and before serving as predictors. There-
fore, image encoding can only be performed sequentially, in

left-to-right and up-down directions.
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Nowadays, the processing architectures are evolving from
high performance sequential processor architecture to
parallei processor architectures (e.g. IBM’'s cell processor,
Intel’s Larabee processor, and nVidia or AMD’s GPUs etc.)
The introduction of these processors is changing the way
computation is done with computers. The more parallelism an
application has, the better the application will perform on
the processors. However, in AVC encoding, intra prediction
cannot be efficiently be performed using these processors,
due to the fact that intra prediction is a natural born |

sequential processing problem.

Several attempts have been tried to improve the performance
of intra prediction in video encoding and decoding, which
are targeted at pixel'level parallelization. This approach
can make prediction for a line of pixels according to the
prediction mode. These methods are efficient on DSP or FPGA
implementations, but the above-mentioned parallel processor
architectures cannot take advantage of those proposed

schemes.

Summary of the Invention

In light of the above, a solution for implementing an
improved intra prediction method on a parallel processing
platform remains a problem to be solved. The present
invention provides such solution, and is suitable for
improving the efficiency of intra prediction at least on the
encoder side. In various embodiments, also an improvement on

the decoder side is achieved.

The present invention is based on the recognition of the
fact that image prediction can be based on estimated

predictors instead of exactly reconstructed predictors,
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while yielding good prediction results and therefore high

compression efficiency.

In principle, a method for encoding image'data wheré the
image data are structured in blocks comprises for each block
in (at least a portion of) the image a first prediction step
of predicting the pixels of two edges of a block, based on
original pixels of neighbouring blocks, wherein estimated
predictor pixels are obtained, and a second pfediction step
of predicting remaining pixels of the block from the

predicted predictor pixels of at least neighbouring blocks.

_ According to one embodiment of the invention, a method for

encoding image data, the image data being structured in
blocks, comprises for each block in (at least a portion'of)
the image steps of predicting'the pixels of two edges of a
block in a first prediction step, wherein the prediction is
based on pixels of neighbouring blocks from the original
image, and wherein estimated predictor pixels are obtained,
determining residual data for the estimated predictor pixels,
performing quantization and inverse quantization on the
determined residual data for the estimated predictor pixels,

wherein reconstructed residual data for estimated predictor

pixels are obtained, reconstructing predictor pixels,

wherein the difference between original pixels and
reconstructed residual data for estimated predictor pixels
is obtained, in a second prediction step, predicting
remaining pixels of fhe block from the predicted predictor
pixels of at least neighbouring blocks, determining residual
data for each predicted pixel resulting from the first or
second prediction step, the residual data being the
difference between the predicted pixel and its corresponding

original pixel, and entropy encoding the residual data.
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Further, according to another embodiment of the invention, a
device for éncoding image data, which are structured in
blocks, comprises first and second prediction means, first
and second residual determining means, quantizer and inverse
quantizer means, reconstruction means, and entropy coding
means. The apparatus performs for each block in at least a
portion of the image the steps of

in the first prediction means, predicting the pixels of two
edges of a block in a first prediétion step, wherein the
prediction is based on pixels of neighbouring blocks from
the original image, and wherein estimated predictor pixels
are obtained;

in the residual determining means, determining residual data
for the estimated predictor pixels;

in the quantizer and inverse quantizer, performing
quantizétion and inverse quantization on the determined
residual data for the estimated predictor pixels, wherein
reconstructed residual data for estimated predictor pixels
are obtained;

in the reconstruction means, reconstructing predictor pixels,
wherein the difference between original pixels and
reconstructed residual data for estimated predictor pixels
is obtained;

in the second prediction means, in a second prediction step,
predicting remaining pixels of the block from the predicted
predictor pixels of at least neighbouring bloéks;

in the second residual determining means, determining
residuai data for each predicted pixel resulting from the

first or second prediction step, the residual data being the

~difference between the predicted pixel and its corresponding

original pixel; and
in the entropy coding means, entropyvencoding the residual

data.
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One advantage of the invention is that it enables faster
estimation ofvrebonstructed predictors. Another advantage is
that that the encoder can perform intra prediction for all
blocks of at least a portion of an image simultaneously,
based on the estimated predictors, instead of relying on the
reconstructed exact predictors from the conventional

sequential encoding process. Thus, encoding is accelerated.
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.1l predictors for all 4x4 blocks in a current frame;

Fig.2 predictors for neighbouring blocks in an exemplary 4x4
block;

Fig.3 a 4x4 block with its boundary pixels-and nine intra
prediction modes (9*" mode is DC mode, not shown);

Fig.4 pixels in the first phase of the encoding procedure;

Fig.5 pixels in the second phase of the encoding procedure;

Fig.6 a frame that is divided into NxM portions, each of
which being predicted independently;

Fig.7 a flow-diagram of the encoding procedure;

Fig.8 an overview of an encoder structure; and

Fig.9 an overview of a decoder structure.

Detailed description of the invention

Fig.1l shows a video frame or image 100, which is structured
into blocks of 4x4 pixels each, and the predictors 110,120

for all 4x4 blocks in the current frame. The frame is intra-
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predicted, i.e. all prediction_is done from other pixel data
of the same frame. The predictors 110,120 for all 4x4 blocks
in the current coding frame are the lower and right edges of
each 4x4 block (only if the edge has a neighbour block), and

are shown shaded.

In more detail, four 4x4 blocks B0O-B3 and BO0O’s neighbouring
pixels X,A-L in the original frame are shown in Fig.2. To
make conVentional intra prediction to all 4x4 blocks in the
current coding frame, reconstructed predictors are required.
That is, in a conventional encoder right edge pixels d,h,1l,p
of a current block BO are predicted, reconstructed and then
used to predict pixels of a horizontally adjacent block Bl.
Lower edge pixels m,n,o,p of é current block BO in a conven-
tional encoder arevpredicted, reconstructed and then used to
predict pixels of a vertically adjacent block B2. In the AVC
coding standard, the predictors are reconstructed and usable
not before the macroblocks (MBs) located in the top and left
have been reconstructed. According to the present invention,
the reconstructed predictors are generated by estimation
before actually coding the MBs, i.e. fast approximation of
the reconstructed predictors is possible as a sepafate step.
This has the advantage that all predictors are available
simultaneously before actually encoding the image. Therefore

the actual intra-prediction, which also takes a long time,

can be made for some or all blocks of at least a portion of

the image, or the complete image, simultaneously.

Instead of using the reconstructed predictors to perform

intra prediction, the invention uses the neighbouring pixels
in the original frame to make the prediction directly. Then,
e.g. for block BO in Fig.2, the prediction is directly done
using original pixels X,A,..,L and using a spatial prediction

mode (e.g. one of the nine spatial prediction modes of AVC).
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This generates a predicted block per spatial prediction mode.
For the AVC example, there are nine candidate predicted
blocks B01,B02Z, ... ,B09 possible, according to the nine
prediction modes shown in Fig.3. In one embodiment, more

than one prediction mode is checked, and the‘best mode to
perform the prediction is determined by selecting the one

with optimal rate-distortion.
mode = i, (i = min(error func(Bo-Boi))) (Eq.1)

error func is an error measuring method. It can in principle
be any known error measuring method (sum-of-absolute-
differences SAD, sum-of-absolute-transformed-differences

SATD, mean-square-error MSE, etc.).

For the predictor pixels m,n,o,p,d,h,1l in a current block BO,
its reconstruction can be estimated according to the best
prediction mode and selected or given quantiéation

parameters (QP). Taking a pixel m as an examplé, the

estimation reconstruction m’ is calculated as follows:
m’ =m - Q' (Q(m-mp), QP), QP) (Eq.2)

where Q(A, QP) means the quantization of a value A using a

guantization parameter QP, and Qd(A, QP) means the inverse

quantization of a value A using the quantization parameter

QP, and mp, means the prediction value of m using the best

prediction mode.

In this way, in one embodiment, all the predictors for the
blocks are estimated. The predictors'are the edge éixels of
two edges of each block. Note that this need not necessarily
be the lower and right edges of a block: it depends on the

possible prediction direction. Using lower and right edge
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down prediction directions, e.g. line-wise or column-wise.

In the next step, all chosen best predictionimodes for each
block and the estimated predictors are used to perform intra
prediction for all 4x4 blocks (of at least a portion of the
image) simultaneously. That is, the intra prediction within
the encoding process is based not on reconstructed pixels,
but on estimated reconstructed pixels that are obtained from
the original pixels. This simplifies the encoding process

and encoder, and accelerates it.

In one embodiment, all possible prediction modes are checked

in order to decide the best prediction mode.

However, the complexity of this approach can be reduced. In
block BO, the pixels m,n,o,p,d,h and 1 that shall be used as
estimated predictors are relatively far away from their own
predictor pixels X,A,B,.., L. Therefbrel the mode selection
can be simplified by using only major prediction directions
to perform a prediction specifically for m,n,o,p,d,h and 1
to make the below-described estimation. In the simplified
mode selection, only the DC mode, vertical intra—prediction
mode and horizontal intra-prediction mode are used to esti-
mate m,n,o,p,d,h and 1. Then, the prediction error ERRORp,
ERRORyer and ERRORy,r between these pixels and the estimated
pixels is calculated. The ERROR function can be any known
error measurement function (SAD, SATD, MSE, etc.) Choose the
smallest ERROR from all major directions to estimate the

reconstructed predictors, using equation (2).

' For the intra-prediction of remaining pixels of a block, the

estimated predictors are used to perform intra prediction

based on all allowed prediction modes. For example, the nine
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above-shown intra-prediction modes of AVC can be used. Note
that the intra prediction modes, and corresponding mode
selection, for estimatihg the predictors are in principle
independent from the intra prediction modes, and correspon-
ding mode selection,'for the actual intra-prediction of all
the pixels. Then, all 4x4 blocks can be predicted

simultaneously, using the estimated predictors.

In the following, the encoding process is described in more

detail. The encoding is a process that has two phases.

The first phase of the encoding procedure i1s shown in Fig.4.

In a first step, lower-edge pixels my,ng,00,pPo and right-edge

.pixels do,ho,lo,po of each block are predicted from pixels of

neighbouring blocks of the original image A-L. Edge pixels
of the leftmost or uppermost blocks can be predicted using

the same modes as for conventional intra-coding, e.g. DC

‘mode, since these blocks have no left or upper neighbours.

At the end of the first phase, as shown in Fig.4 b), all
predictors of all blocks (of at least that portion of the
image to which accelerated intra-prediction is applied) are
estimated. Thﬁs, each block has estimated predictors in
neighbouring blocks in two directions available (left and
upper direction in Fig.4), before any block is actually
encoded. This is possible because the estimated predictors

are predicted from pixels of the original image.

In a second step, which may be considered as part of the
first phase or the second phase or as separate intermediate
phase, the residuals between the estimated predictors and
their original pixels are determined, e.g. m-mp, n-n, etc.
These residuals are then quantized and inverse quantized, in
order to make them more similar ‘to the predictors that will

be available at the decoder. This results in reconstructed
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predictor residuals for alil blocks (in the concerned portion
of the image), according to

0 (Q(m-mp) , QP),QP), Q7 (Q(n-ny),QP),0P), etc.

The actual estimated predictors m’,n’,.. for each of these

blocks ére then calculated according to eq.Z2.

At the end of the first phase and after the quantization and
inverse quantization, all predictors of all blocks (of at
least that portion of the image to which accelerated intra-
prediction is applied) are estimated. Thus, each block has
estimated predictors in two neighbouring blocks, as shown in
Fig.4 b). Accelerated intra-prediction can be applied to one
or more portions of an image simultaneously. Other portions
may use other, e.g. conventional, intra prediction. For
example, conventional.intra prediction may be applied in a
region-of-interest (ROI), while accélerated intra prediction
according to the invention is used in remaining portions of

the imége.

The second phase of the encoding process is shown in Fig.5.
It comprises prediction and reconstruction of remaining
pixels, i.e. other than predictor pixels, based on the
predictor pixels that result from the first phase. In step 3,
pixels as,bs, .., k3 of a block B3 are predicted using intra-
prediction, which uses the actual estimated predictor pixels
of neighbouring blocks BO, Bl and B2. In detail, the
following estimated predictors are used: p’o from upper left
adjacent (i.e. neighbouring) block BO, lower edge pixels
m’1-p’, from upper adjacent block Bl, and right-edge pixels
d'z,h'>2,175,p’2 from left adjacent block B2. In another

~embodiment, any combination of upper edge, lower edge, left

edge and right edge pixels of adjacent blocks can be used as

predictors, depending on the prediction direction.
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In step 4, shown in Fig.5,'the predicted remaining pixels

as,bs,.., ks of a block B3 and the original pixels As,Bs,.., K3 of

said block are used to determine prediction residuals

A3, ress B3, ress s K3, res 0f said block. The prediction residuals

are then entropy-encoded, as usual.

Since the estimated predictors are slightly different from
the exact predictors that would be used by conventional
sequential intra-prediction, the encoded image data
resulting from the two methods are slightly different. In

other words, encoder and decoder do not use exactly the same

7predictors, since an encoder uses the estimated predictors

and a decoder uses conventionally reconstructed predictors.
However, the different predictors of encoder and decoder are
so similar that the difference is not visible in the image[
It has been found that the simplified prediction based on
estimated predictors, as employed by the invention, is not
only faster and less computational expensive, but also in
terms of quality yields much better results than could be

expected.

Embodiments of the present invention comprise at least the

following:

In one embodiment, a method for encoding image data, the
image data being structured in blocks, comprises for each
block in at least a portion of the image the steps of
predicting the pixels of two'edges of a block in a first
prediction step, wherein the prediction is based on pixels

of neighbouring blocks from the original image, and wherein
estimated predictor pixels are obtained;

determining residual data for the estimated predicter pixels;
performing quantization and inverse quantization on the

determined residual data for the estimated predictor pixels,
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wherein reconstructed residual data for estimated predictor
pixels are obtained, according te QJKQ(m—mp),QP),QP);
reconstructing predictor pixels, wherein the difference
between original pixels and reconstructed residual data for
estimated predictor pixels is obtained, according to

m’ =m - Q' (Q(m-mg),QP),QP); |

in a second prediction step, predicting remaining pixels of
the block from the predicted predictor pixels of at least
neighbouring blocks; -

determining residual data for each predicted pixel resulting
from the first or second prediction step, the residual data
being the difference between the predicted pixel and its
corresponding original pixel; and entropy encoding the

residual data.

In one embodiment of the method for encoding, the second
prediction step is executed in parallel for at least two
blocks of the image simultaneously, and the step of
determining residual data is executed in parallel for at
least two blocks of the image simultaneously. This is
possible because there are no dependency issues among blocks,

since the original pixel values are used.

In one embodiment of the method for encoding, the first
prediction step is executed in parallel for at least two
blocks of the image simultaneously. This is possible because
there are no dependency issues among blocks, since the

original pixel values are used in the first prediction step.

In one embodiment of the method for encoding, the first
prediction step further comprises determining for each of
the estimated predictor pixels a best pfediction mode from a

given group of spatial intra prediction modes.
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In one embodiment of the method for encoding, the given

group of spatial intra prediction modes comprises DC mode,

‘horizontal prediction mode and vertical prediction mode. In

one embodiment of the method for encoding, the given group
of spatial intra prediction modes consists of only DC mode,

horizontal prediction and vertical prediction.

In one embodiment of the method for encoding, the image is
structured into at least two portions, wherein the method is
executed in parallel for at least two portions of the image

simultaneously and independently.

In one embodiment of the method for encoding, the at least

one portion of the image is not square, wherein-if there is

‘more than one portion, all portions have the same shape and

same amount of blocks.

In one embodiment a method for decoding image data, the

image data being structured in blocks and having at least

two portions, comprises, in all portions of the image
independently and simultaneously, the steps of

reconstructing pixels of the blocks from received pixel data;
predicting pixels in the blocks from said reconstructed
pixels of the block or from reconstructed pixels of
neighboring blocks; and

reconstructing the predicted pixels based on received

residual data.

In one embodiment, a device for encoding image data, the
image data being structured in blocks, comprises

first and second prediction means; first and second residual
determining means; quantizer and inverse quantizer;

reconstruction means; and entropy coding means;
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wherein the apparatus performs for each block in at least a
portion'of the image the steps of

in the first prediction means, predicting the pixels of two
edges of a block in a first prediction step, wherein the
prediction is based on pixels of neighbouring blocks from
the original image, and wherein estimated predictor pixels
are obtained;

in the residual determining means, determining residual data
for the estimated predictor pixels;

in the quahtizer and inverse quantizer, performing
quantization and inverse quantization on the determined
residual data for the estimated predictor pixels, wherein
reconstructed residual data for estimated predictor pixels
are obtained, according to Q7' (Q(m-m,),QP),QP), QO '(Q(n-np),..;
in the recOnstruction'means, reconstructing predictor pixels
m’, wherein the difference between original pixels and
reconstructed residual data for estimated predictor pixels
is obtained, according to m’ = m - Q" (Q(m-my),QP),QP), n’'=.;
in the second prediction means, in a second prediction step,
predicting remaining pixels of the block from the predicted
predictor pixels of at least neighbouring blocks;

in the second residual determining means, determining

residual data for each predicted pixel resulting from the

" first or second prediction step, the residual data being the

difference between the predicted pixel and its corresponding
original pixel; and in the entropy coding means, entropy

encoding the residual data.

In one embodiment, the encoding device further comprises at
least a second set of second prediction means and residual
determining means, wherein the second prediction step is
executed in parallel in the at least two second prediction
means for at least two blocks of the image simultaneously,

and the step of determining residual data is executed in
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parallel in the at least two residual prediction means for

at least two blocks of the image simultaneously.

In one embodiment, the encoding device further comprises at

least two of the first prediction means, wherein the first

prediction step is executed in the at least two first

prediction means in parallel for at least two blocks of the

image simultaneously.

In one embodiment of the encoding device, thé first
prediction means comprises a prediction mode selector for
determining for each of the estimated predictor pixels a
best prediction mode from a given group of spatial intra

prediction modes.

In one embodiment of the encoding device, the image is
structured into at least two portions, and the device
operates in parallel for at least two portions of the image

simultaneously and independently.

For most of the above embodiments, the resulting data stream
can be decoded conventionally. However, where the image is
split into portions, it is also possible to decode each
portion independently, and thus in parallel simultaneously.
In one embodiment, as shown in Fig.9, a device for decoding
image data ié concerned: The device for decoding image data,
the image data being structured in blocks and having at
least two independent portions, comprises decoder data
receiving means DDR, decoder pixel reconstruction means DPR,
and decoder pixel prediction means DPP. After receiving
pixel data, prediction mode data and residual data in the
decoder data receiving means DDR, the device performs in all
portions of the image independently and simultaneously the

following steps: in the decoder pixel reconstruction means
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DPR, reconstructing pixels based on received pixel data; in
the decoder pixel prediction means DPP, predicting pixels in
the blocks from said reconstructed pixels of the block or
from reconstructed pixels of neighbouring blocks;'and
further in the decoder pixel reconstruction means DPR,
reconstructing the predicted pixels based on reconstructed
predictors and received residual data. For parallel decoding
two or more sets of decoder pixel reconstruction means DPR
and decoder pixel prediction means DPP may be employed in

the decoder.

In the above illustrative embodiments, intra 4x4 prediction
is used as an example. It is clear that the same mechanism
can seamlessly be applied to other intra predictions, e.g.
intra 16x16 prediction. Usually, the processing of a block

is independent from its relative position in a MB.

In one embodiment of the encoding device or the decoding
device, the at least one portion of the image is not square,
and if there is more than one portion, all portions have the

same shape and same amount of blocks.

Different embodiments described above can be used in
combination. For example, the dividing images into more than

one portion and processing the portions simultaneously has

the lowest measurable impact on prediction quality. The

usage of estimated predictors with limited set of prediction
directions yields the highest performance improvement. Thus,
it is possible to choose among different combinations of the
disclosed features, depending on different requirements and
conditions. .

Further, the spirit of the idea can be extended to design an
efficient loop filter implementation, where the pixel values

to be filtered can be predicted using the methods described
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above. Also any product that uses parallel intra prediction

mode decisions may use features described above.

It will be understood that the present invention has been
described purely by way.of example, and modifications of‘de—
tail can be made without departing from the scope of the in-
vention. While there has been shown, described, and pointed
out fundamental novel features of the present invention as
applied to preferred embodiments thereof, it will be under-.
stood that various omissions and substitutions and changes
in the apparatus and method described, in the form and
details of the devices disclosed, and in their operation,
may be made by those skilled in the art without departing
from the spirit of the present invention. Although the
present invention has been disclosed with regard to AVC, one
skilled in the art would recognize that the method énd
devices described herein may be applied to any coding stan-
dard that uses intra-prediction. It is expressly intended
that all combinations of those elements that perform
substantially the same function in substantially the same
way to achieve the same results are within the scope of the
invention. Substitutions of elements from one described

embodiment to another are also intended and contemplated.

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, software,
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. A method for encoding image data, the image data being

structured in blocks, the method comprising for each block

in at least a portion of the image the steps of

predicting the pixels of two edges of a block in a
first prediction step, wherein the prediction is based
on pixels of neighbouring biocks from the original
image (X,A-L), and wherein estimated predictor pixels
(dp, hp, 15, mp, Np, Op, Pp) are obtained;

determining residual data (m-m,) for the estimated
predictor pixels;

performing quantization (Q) and inverse gquantization
(07') on the determined residual data for the estimated
predictor pixels, wherein reconstructedvresidﬁal data’
for estimated predictor.pixels are'obtained, according
to Q7' (Q(m-mp),QP),QP);

reconstructing predictor pixels (m’), wherein the
difference between original pixels and reconstructed
residual data for estimated predictor pixels is

obtained, according to m’ = m - Q7' (Q(m-m,),QP),QP);

in a second prediction step, predicting remaining

pixels (as,bs,.., k3) of the block from the predicted
predictor pixels (p’o0,d"2,h" 2,17 5,p"2,m"1,..,p"1) 0f at
least neighbouring blocks;

determining residual data for each predicted pixel
resulting from the first or second prediction step, the
residual data being the difference between the
predicted pixel and its corresponding original pixel;
and

entropy encoding the residual data.

. Method according to claim 1, wherein the second prediction

step is executed in parallel for at least two blocks of
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the image simultaneously, and the step of determining
residual data is executed in parallel for at least two

blocks of the image simultaneously.

. Method according to claim 1 or 2, wherein the first

prediction step is executed in parallel for at least two

blocks of the image simultaneously.

. Method according to any of claims 1-3, wherein the first

prediction step further comprises determining for each of
the estimated predictor pixels (dp,hp,1lp,mp, np,0p,pp) a best
prediction mode from a given group of spatial intra

prediction modes.

. Method according to claim 4, wherein the given group of

spatial intra prediction modes comprises DC mode,

horizontal prediction and vertical prediction.

. Method according to claim 4 or 5, wherein the given group

of spatial intra prediction modes consists of DC mode,

horizontal prediction and vertical prediction only.

. Method according to one of the claims 1-6, wherein the

image is structured into at least two portions, and

wherein the method is executed in parallel for at least

~two portions of the image simultaneously and independently.

. Method according to any of the claims 1-7, wherein the at

least one portion of the image is not square, and wherein

'if there is more than one portion, all portions have the

same shape and same amount of blocks.

. Method for decoding image data, the image data being

structured in blocks and having at least two portions, the
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method comprising, in all portions of the image

independently and simultaneously,'the steps of

10.

reconstructing pixels of the blocks from received pixel
data;

predicting pixels in the blocks from said reconstructed
pixels of the block or from reconstructed pixels of
neighboring blocks; and

reconstructing the predicted pixels based on received

residual data.

A device for encoding image data, the image data being

structured in blocks, the device comprising

first and second prediction means (Pi,P5);

first and second residual determining‘means (RDl,RDz);
quantizer (Q) and inverse quantizer (Q7%);
reconstruction meané (RE); and

entropy coding means (EC);

wherein the apparatus performs for each block in at least

a portion of the image the steps of

in the first prediction means, predicting the pixels of
two edges of a block in a first prediction step,
wherein the prediction is based on pixels of
neighbouring blocks from the originaliimage (X,A-1),
and wherein estimated predictor pixels (dp,hp, 1y, mp, np,
Op,Pp) are obtained;

in the first residual determining means‘(RDﬂ,
determining residual data (m-mp) for the estimated
predictor pixels;

in the quantizer (Q) and inverse quantizer (Qd),
pérforming quantization and inverse quantization on the

determined residual data for the estimated predictor

pixels, wherein reconstructed residual data for
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estimated predictor pixels are obtained, according to
Q™' (Q(m-mp) , QP), QP) ;

in the reconstruction means (RE), reconstructing
predictor pixels (m’), wherein the difference between
original pixels and reconstructed residual data for
estimated predictor pixels is obtained, according to

m’ =m - Q7 (Q(m-mp),QP),QP);

in the second prediction means (P;), in a second
prediction step, predicting remaining pixels (a3, bi, ..,
k3) of the block from the predicted predictor pixels
(p’o,d’2,h'2, 172,p'2,m"1,..,p" 1) of at least neighbouring
blocks;

in the second residual determining means (RD;),
determining residual data for each predicted pixel
resulting from the fifst or second prediction step, the
residual data being the difference between the
predicted pixel and its corresponding original pixel;
and |

in the entropy coding means (EC), entropy encoding the

residual data.

Device according to claim 10, further comprising at

least a second set of second prediction means (P, P’ )and
second residﬁal determining means (RD,,RD,’), wherein the
second prediction step is executed in parallel in the ét
least two second prediction means for at least two blocks
of the image simultaneously, and the step of determining
residual data is executed in parallel in the at least two
residual prediction means for at least two blocks of the

image simultaneously.

Device according to claim 10 or 11, further comprising

at least two of the first prediction means (P;,P:1’),
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wherein the first prediction step is executed in the at
least two first prediction means in parallel for at least

.two blocks of the image simultaneously.

5 13. Device according to any of claims 10-12, wherein the
first prediction means comprises a prediction mode
selector (PS,PS’) for determining for each of the
estimated predictor pixels (dp,hp,1lp,mp, np, 0p,pp) a best
prediction mode from a given group of spatial intra

10 prediction modes.

14. Device according to one of the claims 10-12, wherein
the image is structured into at least two portions, and
wherein the device operates in parallel for at least two

- 15 portions of the image Simultaneously and independently.

15. Device according to any of the claims-10-14, wherein
the at least one portion of the image is not square, and
wherein if there is more than one portion, all portions

20 have the same shape and same amount of blocks.
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Encoding: 1% phase: prediction of predictors

X|IA|B|C|ID|E|F|G|H
I do |

J hy

K Ip

L |mo| no | 0o | po

' a) Step 1: predict do,hg,lo,Mg,No,00,Po from original A-L

2/5

do d
ho h
lo 1y
Mo |No (Op (Po My | [ O1 [ P1
d> ds
h, hs
1, 13
mp | Ny | 02| P2 M3 N3 | 03| P3

b) End of 1% phase: all predictors are predicted

Step 2:

determine the residuals between the estimated predictors and their original pixels,
and perform quantization and inv. quantization of the residuals (m’ from eq.(2))

Fig.4
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Encoding 2™ phase: prediction and reconstruction of remaining pixels (parallel,
simultaneously in all blocks) based on the predicted, quantized/inverse quantized
predictors and original pixels

X|A|B|C|D|E|F|G|H
| |ao| bo| co|dbo E E d
BO [y e fo|go]ht h,
Koo &[] © | [n
L |m'%|n [ 0% | pom'| N’ |0 | P4
Lo d‘z.ag bs | c3 | ds
“"JE""E"“ h'Qes| fa | @3 | h's

B2 f---i---d-e--
o I'o b is | ja | ks | I3
m’| n2 | 0% [ P2 fm's| n'3 | O3 | P

B1

B3

Step 3: predict a3,bs,... ks from original neighbour pixels and
predicted/quantized/ inverse quantized p’,d’2,h’;,I'2,m’1,n’4,0'1,p’y

'X|A|B|C|D|E|F|G|H
I Ao | Bo|Co| Do E E D,
J | E | Fo | Go| Ho H,
o[ [wul T
L {Mg|[Ng[Oop|PoIMi| Ny | Oy} Py
i 1 [D[A]Bs|Cs|Ds

[ Ho [ Es | Fs | Gs [ Hs
T T TG e [ [ Re | G
M2 N2 02 PZ M3 N3 03 P3

Step 4: reconstruct pixels Az, Bs,...,P; from predicted as,bs,...,ps and
encode the residuals -

Fig.5
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Predict predictors mgy,ng,... from original image 702
v

Determine residual between predicted predic- 704

tors my,np,.. and original image: m - m,

A 4

Quantize and inverse quantize the determined
residual between predicted predictors mp,.. and 706
original image: Q°'( Q( m - my, QP ), QP )

A 4

Reconstruct predictors m’,n’,..:

m =m- Q' (Q(m-m, QP ), QP ) 708
Perform conventional intra-prediction using 710

the reconstructed predictors m’,n’,..

Fig.7
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