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RESTRICTED INTRA DEBLOCKING FILTERING FOR VIDEO CODING

TECHNICAL FIELD
The present embodiments generally relate to encoding and decoding of pictures in a video sequence,

5 and in particular to filtering control for intra predicted blocks in such pictures.

BACKGROUND
Intra-frame or intra-picture prediction is used in a video coding standard in order to improve the
efficiency of coding without reference to other video frames or pictures. Intra prediction is applied to
10 blocks that are located in the first picture in a video sequence or in a random access point. It can also
be applied to blocks that are located in inter-predicted video pictures in case it is not possible to find a
good match for the block in one of the reconstructed pictures used for prediction. The intra prediction of

the block is done from the already reconstructed pixels that belong to the same picture.

15 Intra prediction in High Efficiency Video Coding (HEVC) uses pixel values of pixels located next to a
block that is being predicted. These neighboring pixel values are used to predict the samples in the
block, also referred to as prediction unit (PU). Prediction unit is a rectangular block which is used as a
basic block for prediction. The total number of available prediction modes is dependent on the size of
the corresponding PU, as shown in Table 1 below.

20

Table 1 — number of available prediction modes

4 17
8 35
16 35
32 35
64 35

There are several types of intra prediction modes. In a directional intra prediction, the pixel values of
the neighboring pixels are copied into the predicted block along the specified direction. If the directional
25 intra prediction does not result in a sample position that corresponds to an exact position of one of the

neighboring pixels, an interpolated value between two neighboring pixel values is used instead. The
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intra prediction coding provides up to 35 prediction modes including DC and planar modes for the luma

component of each PU.

Fig. 12 illustrates the available intra prediction modes and Fig. 13 illustrates the 33 possible intra
prediction directions. For PU sizes where less than the full set of 35 total intra prediction modes is
allowed, the first N directions, according to the mapping between the intra prediction direction and the

intra prediction mode number specified in Fig. 14, are used.

There are also two special prediction modes, a DC prediction mode and a planar prediction mode. In
the DC prediction mode, samples in the block are assigned a value, which is equal to the average pixel

value of the neighboring samples along the vertical and horizontal block boundary.

In order to improve prediction in certain modes, for example in the vertical and horizontal directional
prediction and in the DC mode, a special type of processing, i.e. filtering, is applied to the top-most

and/or left-most pixels in the block.

In the DC prediction mode filtering is applied to the top-most and left-most pixels or border samples in
the block, whereas in the vertical prediction mode and the horizontal prediction mode the left-most

pixels and the right-most pixels or border samples, respectively, are filtered.

Although filtering of the top-most and left-most samples of the predicted block brings improvement in
compression efficiency, it may result in subjective quality artifacts. Figs. 15A to 15C exemplify the
problem with filtering an intra-predicted block in the DC prediction mode. Fig. 15A illustrates a blocking
artifact in a Riverbed sequence with intra prediction turned on. DC intra filtering and intra filtering for the
vertical and horizontal modes may introduce singularities along the block boundary. These singularities
may still remain after adding the reconstructed residual as shown in Fig. 15B. The artifacts remain

visible even after deblocking filtering has been applied as shown in Fig. 15C.

Hence, there are rooms for improvement in connection with intra prediction of blocks of pixels in

pictures of a video sequence.

SUMMARY

It is a general objective to provide an improved filtering control of intra-predicted block of pixels.
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It is a particular objective to improve subjective quality of intra prediction.

These and other objectives are met by embodiments disclosed herein.

An aspect of the embodiments relates to a filtering control method. The method comprises checking a
block size of an intra-predicted block of pictures in a video sequence. The block size is compared to a
specified threshold. The method also comprises determining whether to apply filtering of top-most
and/or left-most pixels in the intra-predicted block of pixels based on the comparison of the block size

to the specified threshold.

Another aspect of the embodiments relates to a filtering control device comprising a processing unit
configured to check a block size of an intra-predicted block of pixels of a picture in a video sequence.
The processing unit is also configured to compare the block size to a specified threshold. A
determining unit of the filtering control device is configured to determine whether to apply filtering of
top-most and/or left-most pixels in the intra-predicted block of pixels based on the comparison of the

block size to the specified threshold.

Further aspects of the embodiments relate to an encoder comprising a filtering control device as
defined above and a decoder comprising a filtering control device as defined above. An additional
aspect of the embodiments defines a user equipment comprising an encoder according to above
and/or a decoder according to above. Yet another aspect of the embodiments relates to a network
device being or belonging to a network node in a communication network. The network device

comprises an encoder according to above and/or a decoder according to above.

A further aspect of the embodiments relates to a computer program for filtering control. The computer
program comprises code means which when executed by a processing unit causes the processing unit
to check a block size of an intra-predicted block of pixels of a picture in a video sequence. The code
means also causes the processing unit to compare the block size to a specified threshold and
determine whether to apply filtering of top-most and/or left-most pixels in the intra-predicted block of

pixels based on the comparison of the block size to the specified threshold.

A related aspect of the embodiments defines a computer program product comprising computer
readable code means and a computer program according to above stored on the computer readable

code means.
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Yet another aspect defines a media terminal comprising a processing unit and a memory. The memory
comprises code means executable by the processing unit. The media terminal is operative to check a
block size of an intra-predicted block of pixels of a picture in a video sequence. The media terminal is
also operative to compare the block size to a specified threshold and determine whether to apply
filtering of top-most and/or left-most pixels in the intra-predicted block of pixels based on the

comparison of the block size to the specified threshold.

The embodiments provide a restricted intra filtering to thereby improve the subjective quality of intra-

prediction, while still keeping the objective gains brought by filtering.

BRIEF DESCRIPTION OF THE DRAWINGS

The embodiments, together with further objects and advantages thereof, may best be understood by

making reference to the following description taken together with the accompanying drawings, in which:

Fig. 1A is a flow diagram illustrating a filtering control method according to an embodiment;

Fig. 1B is a flow diagram illustrating a method performed in a transmitter according to an embodiment;

Fig. 1C s a flow diagram illustrating a method performed in a receiver according to an embodiment;

Fig. 2 is a schematic block diagram of an encoder according to an embodiment;

Fig. 3 is a schematic block diagram of a decoder according to an embodiment;

Fig. 4 is a schematic block diagram of a user equipment according to an embodiment;

Fig. 5 is a schematic block diagram of a user equipment according to another embodiment;

Fig. 6 is a schematic block diagram of a network device according to an embodiment;

Fig. 7 is a schematic block diagram of a filtering control device according to an embodiment;

Fig. 8 is a schematic block diagram of a computer according to an embodiment;
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Fig. 9is a flow diagram illustrating an embodiment of steps in the filtering control method in Fig. 18;

Fig. 10 is a flow diagram illustrating another embodiment of steps in the filtering control method in Fig.
18;

Fig. 11 is a flow diagram illustrating a further embodiment of steps in the filtering control method in Fig.
18;

Fig. 12 is a diagram illustrating available intra prediction modes;

Fig. 13is a diagram illustrating available intra prediction directions;

Fig. 14 is a diagram illustrating mapping between intra prediction directions and intra prediction mode

numbers;

Figs. 15A-15C illustrate problems with visible artifacts for an intra-predicted block in DC prediction
mode after intra-filtering (Fig. 15A), after adding reconstructed residual (Fig. 15B) and after applying
deblocking filtering (Fig. 15C);

Fig. 16 is a schematic overview of a video sequence of pictures;

Fig. 17 illustrates an example of a coding tree unit hierarchically split in a quad-tree structure of coding

units and prediction units;

Fig. 18 is a flow diagram illustrating a filtering control method according to another embodiment; and

Fig. 19 s a flow diagram of additional, optional steps of the filtering control method of Fig. 18.

DETAILED DESCRIPTION

Throughout the drawings, the same reference numbers are used for similar or corresponding elements.

The present embodiments generally relate to encoding and decoding of pictures in a video sequence,

and in particular to filtering control for intra predicted blocks in such pictures.
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Fig. 18 is a flow diagram illustrating a filtering control method according to an embodiment. The method
generally starts in step S1, which comprises checking a block size of an intra-predicted block of pixels

of apicture in a video sequence.

Each intra-predicted block of pixels has a respective size in terms of number of pixels that the intra-
predicted block encompasses in the picture. The block size is generally defined as nS xnT" pixels, but
is typically quadratic, i.e. nSxnS pixels. In such a case, the block size could be defined as the
number of pixels encompassed by the intra-predicted block, i.e. nSxnS (or more generally
nSxnl), by the height or width of the intra-predicted block, i.e. »S for a quadratic block, or by a
parameter derived from the height or width of the intra-predicted block, e.g. log 2(nS).

A next step S2 comprises comparing the block size to a specified threshold. It is then determined, in
step S3, whether to apply filtering of top-most and/or left-most pixels in the intra-predicted block of

pixels based on the comparison of the block size to the specified threshold.

Thus, the filtering control method provides a conditional or restricted filtering of the top-most and/or left-
most pixels in the intra-predicted block of pixels. This means that only intra-predicted blocks of pixels
that have block size that meets a predefined criterion dictated by the specified threshold will be
exposed to filtering of the top-most and/or left-most pixels. If the predefined criterion is not met no

filtering of the top-most and/or left-most pixels will be applied to the intra-predicted block of pixels.

Filtering of top-most and/or left-most pixels in intra-predicted blocks of pixels is generally referred to as
boundary value smoothing in the art. See, for instance, section IV. HEVC Video Coding Techniques, G.
Intrapicture Prediction, 5) Boundary Value Smoothing, in IEEE Transactions on Circuits and Systems
for Video Technology, vol. 22, no. 12, December 2012, pages 1649-1668. This boundary value
smoothing is traditionally employed to remove discontinuities along block boundaries in special intra

prediction modes.

An intra-predicted block of pixels can be regarded as consisting of a number of rows of pixels and a
number of columns of pixels, such as »S rows and »S columns for a block size of nSxnS pixels.
The top-most pixels in an intra-predicted block of pixels then constitute the pixels present in the first or
uppermost row of pixels. The left-most pixels correspondingly constitute the pixels present in the first or

left-most column of pixels in the intra-predicted block of pixels.
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The pixels in an intra-predicted block of pixels are generally numbered from pixel p[0,0] or p[0][0]in
the upper left corner to pixel p[nS —1,nS —1] or p[nS —1][nS —1]in the lower right corner. In such a
case, the top-most pixels consist of pixels p[x,0] or p[x][0]with x =0...nS -1 and the left-most

pixels consist of pixels p[0, y] or p[o][y]with y =0...nS —1.

In a particular embodiment, the filtering control method comprises, see Fig. 19, applying, in step S4,
filtering of the top-most and/or the left most pixels in the intra-predicted block of pixels if the block size
is smaller than (or smaller than or equal to) the specified threshold. Correspondingly, the filtering
control method comprises preventing, in step S5, applying filtering of the top-most and/or the left-most
pixels in the intra-predicted block of pixels if the block size is larger (not smaller) than (or larger than or
equal to) the specified threshold.

Thus, in this particular embodiment filtering of the top-most and/or the left-most pixels is restricted to
intra-predicted block of pixels with smaller sizes, i.e. having a block size smaller than the specified
threshold. Larger intra-predicted blocks of pixels will then not have any applied filtering of the top-most
and/or left-most pixels.

Fig. 1Ais a particular implementation example of the method illustrated in Fig. 18. Steps S1’ checks the
block size referred to as predicted block size (block_size) in Fig. 1A. The following steps S2', S3’
implement the comparing and determining steps of Fig. 18. Accordingly, in this implementation
example, the block size is compared to the specified threshold (Thr1). In a first embodiment, if the block
size is smaller than the specified threshold it is determined to apply filtering of top-most and/or left-most
pixels in the intra-predicted block. Hence, intra prediction as performed in step S4' involves filtering of
these so-called border samples of the block. In a second embodiment, such filtering is applied in step

S4 if the block size is equal to or smaller than the specified threshold.

However, if the block size is, in the first embodiment, equal to or larger than the specified threshold or,
in the second embodiment, larger than the specified threshold, then the method continues to step S5’
where application of filtering to the top-most and/or left-most pixels in the intra-predicted block is
prevented. Hence, intra prediction in step S5 is performed without any filtering of these so-called
border samples of the block.
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As is well known in the art, pixels of a picture generally have a respective pixel value, typically
representing a color of the pixel. Various color formats are available including luminance (luma) and
chrominance (chroma). In such a case, a pixel could comprise a respective luma component and two
respective chrominance components. In a particular embodiment, the filtering of the top-most and/or

left-most pixels is restricted to filtering luma components.

Hence, in an embodiment step S3 of Fig. 18 comprises determining, for luma components of the pixels,
whether to apply filtering of top-most and/or left most pixels in the intra-predicted block of pixels based

on the comparison of the block size to the specified threshold.

The boundary value smoothing is traditionally used in three intra prediction modes: the DC mode, i.e.
intra prediction mode number 1, see Fig. 12; horizontal prediction mode, i.e. intra prediction mode
number 10 or Intra_Angular[k] with k = 10; and vertical prediction mode, i.e. intra prediction mode
number 26 or Intra_Angular[k] with k = 26.

In an embodiment the filtering control method further comprises determining, in step S30 of Fig. 9, that
the intra-predicted block of pixels is intra-predicted according to the DC prediction mode. In such a
case, step S3 of Fig. 18 preferably comprises determining whether to apply filtering of the top-most and
the left-most pixels in the DC intra-predicted block of pixels based on the comparison of the block size
to the specified threshold.

Thus, it is proposed in this embodiment to apply filtering, such as averaging with neighboring/reference
samples, of the top-most and left-most pixels or samples in the DC prediction mode in the intra-
predicted block only for the blocks of the smaller size. Therefore, before applying the filtering to the top-
most and left-most samples of the intra-predicted block, a check for the block size should be done. The

filtering is applied only if the block size is below a specified threshold. Otherwise, filtering is not applied.

It is proposed to restrict application of the filtering of the border pixels or samples to the block, the size
of which is smaller than 1616 pixels or samples. Alternatively, it is proposed to restrict the application
of the filtering of the border pixels or samples to a block having a block size that is smaller than 32x32

pixels or samples.

Fig. 9 is a flow diagram illustrating an embodiment of steps S2-S3 in Fig. 18 and steps S4-S5in Fig. 19

for an intra-predicted block of pixels having DC mode (Intra_DC) as intra prediction mode.
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The method continues from step S1 of Fig. 18 or from steps S40 or S50 in Figs. 10 or 11 to be further
described herein. A first step S30 comprises, which has already been discussed in the foregoing,
determining that the intra-predicted block of pixels is intra-predicted according to the DC prediction
mode. This step S30 can be performed based on the intra-prediction mode number or identifier

assigned to or determined for the intra-predicted block of pixels.
If it is not predicted according to the DC prediction mode the method ends or continues to steps S40 or
S50 in Figs. 10 or 11. If the intra-predicted block of pixels is predicted according to the DC prediction

mode the method continues to step S31, which comprises calculating a variable DCVal.

This variable DCVal is preferably calculated as:

nS—1 nS-1
DCVal = Z p[x',—l]+ Zp[— l,y']+ nS |>> (k+1)
x'=0 y'=0

wherein p[x, y] denotes a pixel value of a pixel at position x,y = 0..sS —1 within the intra-predicted

block of pixels, k& =log2(nS), nS represents a width and height of the intra-predicted block of pixels
and >> represents a right shift operator defined as a >> b = {%J and |_cj is a largest integer not
2

greater than c.

In a particular embodiment, the application of filtering to the top-most and the left-most pixels is
restricted to filtering luma components. This can be verified by checking the value of a chroma
component index, c/dx. If this chroma component index has a value of zero then the pixel values are

luma components.

Hence, a next step S32 comprises checking whether cldx =0 and whether nS <32, i.e. if the block
size of the intra-predicted block of pixel in terms of width and height is smaller than the specified

threshold, which is equal to 32 pixels in this embodiment.

If cldx=0 and nS <32 the method continues to step S33 where the top-most and the left-most
pixels of the intra-predicted block of pixels are filtered. This filtering preferably comprises determining

predicted sample values, predSamples|x, y], of the pixels in the intra-predicted block of pixels to be:

predSamples[0,0] = (1x p[-1,0]+ 2x DCVal +1x p[0,~1]+2) >> 2
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predSamples[x,0] = (1x p[x,~1]+3x DCVal +2)>> 2, with x =1..n5 -1
predSamples|0, y]= (1x p[-1, y]+3DCVal +2)>> 2, with y =1..n5 -1

predSamples(x, y|= DCVal , with x,y =1..n5 -1

Correspondingly, if c¢ldx = 0and/or nS > 32, i.e. for chroma components or for luma components

with a block size (height and width) that is equal to or larger than 32 pixels, the method continues to

step S34 where no filtering is applied to the top-most or left-most pixels. Hence, the predicted sample

values of the pixels in the intra-predicted block of pixels are determined to be:
predSamples(x, y|= DCVal , with x,y =0..n8 -1,

In an alternative embodiment, step S32 comprises checking whether c/dx =0 and whether »S < 16,
i.e. if the block size of the intra-predicted block of pixel in terms of width and height is smaller than the

specified threshold, which is equal to 16 pixels in this embodiment.

In another alternative embodiment, step S32 comprises checking whether cldx =0 and whether

log2(nS) < 5. This alternative embodiment is basically the same as checking whether nS < 32.

In a further alternative embodiment, step S32 comprises checking whether cldx =0 and whether

log2(nS) < 4. This alternative embodiment is basically the same as checking whether nS < 16.
These embodiments are summarized below as embodiments 1-5.
Embodiment 1

Prediction in the DC mode is done as in the following.

A variable DCVal is derived as the average of the neighboring pixels:

nS—1 nS-1
DCVal = Z p[x',—l]+ Zp[— l,y']+ nS |>> (k+1)
x'=0 y'=0

with x, y = 0..nS-1, where k=log2(nS), the nS being block width/height.

Depending on the chroma component index cldx, the following applies.

If cldx is equal to 0 and log2(nS) is smaller than 4, the following applies.
predSamples[ 0, 0]=(1xp[-1, 0] +2xDCVal +1xp[0,-1]+2)>> 2
predSamples[ x, 0] = (1xp[x, =1] +3xDCVal +2 ) >> 2, with x = 1..nS-1
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predSamples[ 0, y] = (1xp[ -1, y] +3xDCVal +2)>> 2, withy = 1..nS-1
predSamples| x, y ] = DCVal, with x, y = 1..nS-1

Otherwise, the prediction samples predSamples| x, y ] are derived as
predSamples| x, y ] = DCVal, with x, y = 0..nS-1

Embodiment 2
Prediction in the DC mode is done as in the following.
A variable DCVal is derived as the average of the neighboring pixels:

nS—1 nS-1

DCVal = Z p[x',—l]+ Zp[— l,y']+ nS |>> (k+1)
x'=0 y'=0

10 with x, y = 0..nS-1, where k=log2(nS), the nS being block width/height

Depending on the chroma component index cldx, the following applies.
If cldx is equal to 0 and log2(nS) is smaller than 5, the following applies.
predSamples[ 0, 0] = (1xp[-1, 0] +2xDCVal +1xp[0,-1]+2)>> 2
15 predSamples[x, 0] = (1xp[x, -1]+3xDCVal +2)>> 2, with x = 1..nS-1
predSamples[ 0, y] = (1xp[ -1, y] +3xDCVal +2)>> 2, withy = 1..nS-1
predSamples| x, y ] = DCVal, with x, y = 1..nS-1
Otherwise, the prediction samples predSamples| x, y ] are derived as
predSamples| x, y ] = DCVal, with x, y = 0..nS-1
20
Embodiment 3
Prediction in the DC mode is done as in the following.

A variable DCVal is derived as the average of the neighboring pixels:

nS—1 nS-1
DCVal = Z p[x',—l]+ Zp[— l,y']+ nS |>> (k+1)
x'=0 y'=0

25 with x, y = 0..nS-1, where k=log2(nS), the nS being block width/height

Depending on the chroma component index cldx, the following applies.
If cldx is equal to 0 and nS is smaller than 32, the following applies.
predSamples[ 0, 0]=(1xp[-1, 0] +2xDCVal +1xp[0,-1]+2)>> 2
30  predSamples[x, 0]=( 1xp[x, -1]+3xDCVal +2)>> 2, with x=1..nS-1
predSamples[ 0, y] = (1xp[ -1, y] +3xDCVal +2)>> 2, withy = 1..nS-1
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predSamples| x, y ] = DCVal, with x, y = 1..nS-1
Otherwise, the prediction samples predSamples[ x, y ] are derived as
predSamples| x, y ] = DCVal, with x, y = 0..nS-1

5 Embodiment 4
Prediction in the DC mode is done as in the following.

A variable DCVal is derived as the average of the neighboring pixels:

nS—1 nS-1
DCVal = Z p[x',—l]+ Zp[— l,y']+ nS |>> (k+1)
x'=0 y'=0

with x, y = 0..nS-1, where k=log2(nS), the nS being block width/height
10

Depending on the chroma component index cldx, the following applies.

If cldx is equal to 0 and nS is smaller than 16, the following applies.
predSamples[ 0, 0]=(1xp[-1, 0] +2xDCVal +1xp[0,-1]+2)>> 2
predSamples[ x, 0] = (1xp[x, =1] +3xDCVal +2 ) >> 2, with x = 1..nS-1

15 predSamples[ 0, y]=(1xp[-1,y]+3xDCVal +2)>> 2, withy = 1..nS-1
predSamples| x, y ] = DCVal, with x, y = 1..nS-1

Otherwise, the prediction samples predSamples| x, y ] are derived as
predSamples| x, y ] = DCVal, with x, y = 0..nS-1

20 Embodiment 5
The values of the prediction samples predSamples[x ][y ], with x, y = 0..nTbS - 1, are derived by the

following ordered steps:

A variable dcVal is derived as follows:

nTbS -1 nTbS -1
25 dcVal = Z plx-1]+ Zp[— y']+n7bS |>>(k +1)
x'=0 y'=0

where k = log2( nTbhS ), the nTbs being block widht/height.

Depending on the value of the colour component index cldx, the following applies:

30 If cldxis equal to 0 and nThS is less than 32, the following applies:
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predSamples[0][0]=(p[-1][0] +2x dcVal +p[0][-1]+2) >> 2
predSamples[x]J[0]=(p[x][-1]+3x dcVal +2) >> 2, withx=1..nTbS - 1
predSamples[0][y]=(p[-1][y]+3x dcVal +2) >> 2, withy=1..nTbS -1
predSamples[ x ][y ] = dcVal, with x, y = 1..nTbS - 1

5 Otherwise, the prediction samples predSamples[ x ][ y ] are derived as follows:

predSamples[ x ][y ] = dcVal, with x, y = 0..nTbS - 1

In an embodiment the filtering control method further comprises determining, in step S40 of Fig. 10, that
the intra-predicted block of pixels is intra-predicted according to the vertical prediction mode. In such a
10 case, step S3 of Fig. 18 preferably comprises determining whether to apply filtering of the left-most
pixels in the DC intra-predicted block of pixels based on the comparison of the block size to the

specified threshold.

Thus, it is proposed in this embodiment to apply filtering, such as averaging with neighboring/reference
15 samples, of the left-most pixels or samples in the intra-predicted block only for the blocks of the smaller
size in the vertical prediction mode. Therefore, before applying the filtering to the left-most samples of
the intra-predicted block, a check for the block size should be done. The filtering is applied only if the

block size is below a specified threshold. Otherwise, filtering is not applied.

20 It is proposed to restrict application of the filtering of the border pixels or samples to the block, the size
of which is smaller than 1616 pixels or samples. Alternatively, it is proposed to restrict the application
of the filtering of the border pixels or samples to a block having a block size that is smaller than 32x32

pixels or samples.

25 Fig. 10 is a flow diagram illustrating an embodiment of steps S2-S3 in Fig. 18 and steps S4-S5 in Fig.
19 for an intra-predicted block of pixels having vertical prediction mode (Intra_angular[k] with k = 26) as

intra prediction mode.

The method continues from step S1 of Fig. 18 or from steps S30 or S50 in Figs. 9 or 11. A first step
30 S40 comprises, which has already been discussed in the foregoing, determining that the intra-predicted
block of pixels is intra-predicted according to the vertical prediction mode. This step S40 can be
performed based on the intra-prediction mode number or identifier assigned to or determined for the

intra-predicted block of pixels.
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If it is not predicted according to the vertical prediction mode the method ends or continues to steps
S30 or S50 in Figs. 9 or 11. If the intra-predicted block of pixels is predicted according to the vertical

prediction mode the method continues to step S41.

In a particular embodiment, the application of filtering to the left-most pixels is restricted to filtering luma

components. This can be verified by checking the value of c/dx.

Step S41 comprises checking whether c/dx =0 and whether nS <32, i.e. if the block size of the
intra-predicted block of pixel in terms of width and height is smaller than the specified threshold, which

is equal to 32 pixels in this embodiment.

If cldx=0 and nS <32 the method continues to step S42 where the left-most pixels of the intra-
predicted block of pixels are filtered. This filtering preferably comprises determining predicted sample

values, predSamples[x, y], of the pixels in the intra-predicted block of pixels to be:
predSamples|0, y] = Cliply (plo,~1]+(p[-1, y]- p[=1,-1])>>1), with y =0..aS -1
predSamples(x, y] = p[x,—1], with x=1..nS -1, y=0..nS -1
Clipty( ) is a clipping function defined as Cliply (d)= Clip3(0,(1 << BitDepthy )-1,d),
BitDepthy denotes bit depth of the luma components, << represents a left shift operator defined as
e, ifg<e
a<<b=ax2"and Clip3(e, f,g)=1f, ifg>f

g, otherwise

Correspondingly, if cldx = 0and/or nS > 32, i.e. for chroma components or for luma components
with a block size (height and width) that is equal to or larger than 32 pixels, the method continues to
step S43 where no filtering is applied to the left-most pixels (or indeed to the top-most pixels). Hence,
the predicted sample values of the pixels in the intra-predicted block of pixels are determined to be:

predSamples(x, y] = p[x,—1], with x, y =0..n5 -1

In an alternative embodiment, step S41 comprises checking whether c/dx =0 and whether »nS < 16,
i.e. if the block size of the intra-predicted block of pixel in terms of width and height is smaller than the

specified threshold, which is equal to 16 pixels in this embodiment.
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In another alternative embodiment, step S41 comprises checking whether cldx =0 and whether

log 2(nS) < 5. This alternative embodiment is basically the same as checking whether 1S < 32.

In a further alternative embodiment, step S41 comprises checking whether cldx =0 and whether

5 log2(nS)< 4. This alternative embodiment is basically the same as checking whether 1S < 16.

These embodiments are summarized below as embodiments 6-10.

Embodiment 6

10 Prediction in the vertical prediction mode (mode 26) is done as in the following.

The values of the predicted samples predSamples| x, y ], with x, y = 0..nS-1, where nS is the predicted
block size, are derived as follows:
If cldx is equal to 0 and log2(nS) is smaller than 4,
15 predSamples[x, y]=p[x, -1], withx = 1..nS-1, y = 0..nS-1
predSamples[ x, y] = Clip1Y(p[x, -1]1+((p[-1,y]-p[-1,-1])>>1)), withx=0, y = 0..nS-1
Otherwise,

predSamples[ x, y]=p[x, -1], with x, y = 0..nS-1

20 Embodiment 7

Prediction in the vertical prediction mode (mode 26) is done as in the following.

The values of the predicted samples predSamples| x, y ], with x, y = 0..nS-1, where nS is the predicted
block size, are derived as follows:
25 If cldx is equal to 0 and log2(nS) is smaller than 5,
predSamples[ x, y]=p[x, 1], withx = 1..nS-1, y = 0..nS-1
predSamples[ x, y] = Clip1Y(p[x, -1]1+((p[-1,y]-p[-1,-1])>>1)), withx=0, y=0..nS-1
Otherwise,
predSamples[ x, y]=p[x, 1], with x, y = 0..nS-1
30
Embodiment 8

Prediction in the vertical prediction mode (mode 26) is done as in the following.

The values of the predicted samples predSamples| x, y ], with x, y = 0..nS-1, are derived as follows:
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If cldx is equal to 0 and nS is smaller than 16,

predSamples[ x, y] =p[ x, -=1], with x =1..nS-1, y = 0..nS-1

predSamples[ x, y] = Clip1Y(p[x, -1]1+((p[-1,y]-p[-1,-1])>>1)), withx=0, y = 0..nS-1
Otherwise,

5  predSamples[ x, y]=p[x, -1], with x, y =0..nS-1

Embodiment 9

Prediction in the vertical prediction mode (mode 26) is done as in the following.

10 The values of the predicted samples predSamples| x, y ], with x, y = 0..nS-1, where nS is the predicted
block size, are derived as follows:
If cldx is equal to 0 and nS is smaller than 32,
predSamples[ x, y] =p[ x, -=1], with x =1..nS-1, y = 0..nS-1
predSamples[ x, y] = Clip1Y(p[x, -1]1+((p[-1,y]-p[-1,-1])>>1)), withx=0, y = 0..nS-1
15 Otherwise,

predSamples[ x, y]=p[x, 1], with x, y = 0..nS-1

Embodiment 10
The values of the prediction samples predSamples[x][y], with x,y=0..nTbS -1 are derived as

20 follows:

If predModelntra is equal or greater than 18, the following ordered steps apply:

The reference sample array ref| x ] is specified as follows:
25 The following applies:
ref{x]=p[-1+x][-1], withx = 0..nTbS
If intraPredAngle is less than 0, the main reference sample array is extended as follows:
When ( nTbS x intraPredAngle ) >> 5is less than -1,
ref{x]=p[-1][-1+((xxinvAngle +128) >> 8)],
30 with x = -1..(nTbS * intraPredAngle ) >> 5
Otherwise,
ref{x]=p[-1+x][-1], withx=nTbS +1..2 x nThS
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The values of the prediction samples predSamples[x][y], with x,y=0..nTbS -1 are derived as
follows:
The index variable ildx and the multiplication factor iFact are derived as follows:
ildx=((y+1)xintraPredAngle) >> 5
iFact=((y+1) xintraPredAngle ) & 31
Depending on the value of iFact, the following applies:
If iFact is not equal to 0, the value of the prediction samples predSamples[ x][y] is derived as
follows:
predSamples[ x ][y ]=( (32 - iFact) x ref[ x +ildx + 1] +iFact x ref{ x +ildx +2] +16) >> 5
Otherwise, the value of the prediction samples predSamples[ x ][ y ] is derived as follows:
predSamples[ x ][y ] =ref[ x +ildx +1]
When predModelntra is equal to 26 (vertical), cldx is equal to 0 and nTbS is less than 32, the following
filtering applies with x =0,y =0..nThS - 1:

predSamples[x ][y ] = Cliptv(p[x [-1]+((p[-11ly]-p[-1][-1]) >> 1))

In an embodiment the filtering control method further comprises determining, in step S50 of Fig. 11, that
the intra-predicted block of pixels is intra-predicted according to the horizontal prediction mode. In such
a case, step S3 of Fig. 18 preferably comprises determining whether to apply filtering of the top-most
pixels in the DC intra-predicted block of pixels based on the comparison of the block size to the
specified threshold.

Thus, it is proposed in this embodiment to apply filtering, such as averaging with neighboring/reference
samples, of the top-most pixels or samples in the intra-predicted block only for the blocks of the smaller
size in the horizontal prediction mode. Therefore, before applying the filtering to the top-most samples
of the intra-predicted block, a check for the block size should be done. The filtering is applied only if the

block size is below a specified threshold. Otherwise, filtering is not applied.

It is proposed to restrict application of the filtering of the border pixels or samples to the block, the size
of which is smaller than 1616 pixels or samples. Alternatively, it is proposed to restrict the application
of the filtering of the border pixels or samples to a block having a block size that is smaller than 32x32

pixels or samples.
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Fig. 11 is a flow diagram illustrating an embodiment of steps S2-S3 in Fig. 18 and steps S4-S5 in Fig.
19 for an intra-predicted block of pixels having horizontal prediction mode (Intra_angular{k] with k = 10)

as intra prediction mode.

The method continues from step S1 of Fig. 18 or from steps S30 or S40 in Figs. 9 or 10. A first step
S50 comprises, which has already been discussed in the foregoing, determining that the intra-predicted
block of pixels is intra-predicted according to the horizontal prediction mode. This step S40 can be
performed based on the intra-prediction mode number or identifier assigned to or determined for the

intra-predicted block of pixels.

If it is not predicted according to the vertical prediction mode the method ends or continues to steps
S30 or S40 in Figs. 9 or 10. If the intra-predicted block of pixels is predicted according to the horizontal

prediction mode the method continues to step S51.

In a particular embodiment, the application of filtering to the top-most pixels is restricted to filtering luma

components. This can be verified by checking the value of c/dx.

Step S51 comprises checking whether ¢/dx =0 and whether nS <32, i.e. if the block size of the
intra-predicted block of pixel in terms of width and height is smaller than the specified threshold, which

is equal to 32 pixels in this embodiment.

If cldx=0 and nS <32 the method continues to step S52 where the top-most pixels of the intra-
predicted block of pixels are filtered. This filtering preferably comprises determining predicted sample

values, predSamples[x, y], of the pixels in the intra-predicted block of pixels to be:
predSamples(x,0] = Cliply (p[-1,0]+ (p[x,~1] - p[-1,-1]) >> 1), with x =0..nS -1

predSamples(x, y]= p[-1,y], with x=0..#5 -1, y=1..nS -1

Correspondingly, if c¢ldx = 0and/or nS > 32, i.e. for chroma components or for luma components
with a block size (height and width) that is equal to or larger than 32 pixels, the method continues to
step S53 where no filtering is applied to the top-most pixels (or indeed to the left-most pixels). Hence,
the predicted sample values of the pixels in the intra-predicted block of pixels are determined to be:

predSamples(x, y] = p[-1, y], with x,y =0..aS -1
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In an alternative embodiment, step S51 comprises checking whether c/dx =0 and whether »S < 16,
i.e. if the block size of the intra-predicted block of pixel in terms of width and height is smaller than the

specified threshold, which is equal to 16 pixels in this embodiment.

In another alternative embodiment, step S51 comprises checking whether cldx =0 and whether

log 2(nS) < 5. This alternative embodiment is basically the same as checking whether 1S < 32.

In a further alternative embodiment, step S51 comprises checking whether c/dx =0 and whether

log 2(nS) < 4. This alternative embodiment is basically the same as checking whether 1S < 16.

These embodiments are summarized below as embodiments 11-15.

Embodiment 11

Prediction in the horizontal prediction mode (mode 10) is done as in the following.

The values of the prediction samples predSamples| x, y ], with x, y = 0..nS-1, where nS is the predicted
block size, are derived as follows:
If cldx is equal to 0 and log2(nS) is smaller than 4,

predSamples[ x, y]=p[ -1, y], withx = 0..nS-1, y = 1..nS-1

predSamples[ x, y] = Clip1Y(p[-1,y]+((p[x, -1]-p[-1,-1])>> 1), withx=0..nS-1,y =0
Otherwise,

predSamples[ x, y]=p[ -1, y ], with x, y = 0..nS-1

Embodiment 12

Prediction in the horizontal prediction mode (mode 10) is done as in the following.

The values of the prediction samples predSamples| x, y ], with x, y = 0..nS-1, where nS is the
predicted block size, are derived as follows:
If cldx is equal to 0 and log2(nS) is smaller than 5,

predSamples[ x, y] = p[ -1, y], with x =0..nS-1, y = 1..nS-1

predSamples[ x, y] = Clip1Y(p[-1,y]+((p[x, -1]-p[-1,-1])>> 1), withx=0..nS-1,y=0
Otherwise,

predSamples[ x, y]=p[ -1, y ], with x, y = 0..nS-1
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Embodiment 13

Prediction in the horizontal prediction mode (mode 10) is done as in the following.

The values of the prediction samples predSamples| x, y ], with x, y = 0..nS-1,where nS is the predicted
5 block size, are derived as follows:
If cldx is equal to 0 and nS is smaller than 32,
predSamples[ x, y] = p[ -1, y], with x=0..nS-1, y = 1..nS-1
predSamples[ x, y] = Clip1Y(p[-1,y]+((p[x, -1]-p[-1,-1])>> 1), withx=0..nS-1,y =0
Otherwise,

10 predSamples[x, y]1=p[ -1, y], withx, y=0..nS-1

Embodiment 14

Prediction in the horizontal prediction mode (mode 10) is done as in the following.

15 The values of the prediction samples predSamples] x, y ], with x, y = 0..nS-1, where nS is the predicted
block size, are derived as follows:
If cldx is equal to 0 and nS is smaller than 16,
predSamples[ x, y]=p[ -1, y], withx = 0..nS-1, y = 1..nS-1
predSamples[ x, y]=Clip1Y(p[-1,y]+((p[x, -1]-p[-1,-1])>> 1), withx=0..nS-1,y=0
20 Otherwise,
predSamples[ x, y]=p[ -1, y ], with x, y = 0..nS-1

Embodiment 15
The values of the prediction samples predSamples[x][y], with x,y=0..nTbS -1 are derived as

25 follows:

Otherwise (predModelntra is less than 18, see embodiment 10), the following ordered steps apply:
The reference sample array ref| x ] is specified as follows:
The following applies:
30 ref[x]=p[-1][-1+x], withx=0..nTbS
If intraPredAngle is less than 0, the main reference sample array is extended as follows:
When ( nTbS x intraPredAngle ) >> 5is less than -1,
reffx]=p[-1+((xxinvAngle +128) >> 8)][-1],
with x = -1..(nTbS x intraPredAngle ) >> 5
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Otherwise,
ref{x]=p[-1][-1+x], withx =nTbS +1..2 x nThS
The values of the prediction samples predSamples[x][y], with x,y=0..nTbS -1 are derived as
follows:
5 The index variable ildx and the multiplication factor iFact are derived as follows:
ildx=((x+1)xintraPredAngle ) >> 5
iFact=((x +1) xintraPredAngle ) & 31
Depending on the value of iFact, the following applies:
If iFact is not equal to 0, the value of the prediction samples predSamples[ x][y] is derived as
10 follows:
predSamples[x ][y ]=( (32 - iFact) x refly +ildx + 1] +iFact x ref{y +ildx +2] +16) >> 5
Otherwise, the value of the prediction samples predSamples[ x ][ y ] is derived as follows:
predSamples[ x ][y ] =ref[ y +ildx +1]
When predModelntra is equal to 10 (horizontal), cldx is equal to 0 and nTbS is less than 32, the
15 following filtering applies with x =0..nThS -1,y = 0:

predSamples[x ][y ] = Cliptv(p[-1][y]+((p[x][-1]-p[-1][-1]) >> 1))

The embodiments 1-15 above are examples of the proposed intra-prediction modifications. These
examples are, however, not restrictive. For example, different values of thresholds for the predicted
20 block sizes can be used. Moreover, the criteria for the applying the modification of the border samples
in the mentioned prediction modes can also be used in combination with some other criteria. The same

embodiments can also be applied with other intra prediction modes (intra prediction directions).

The proposed embodiments improve the subjective quality of (HEVC) intra-prediction in DC, vertical
25 and horizontal prediction modes, while still keeping the objective gains brought by filtering, i.e.

weighted averaging of the predicted values with the neighboring sample values.

Figs. 1B and 1C illustrate method steps performed in a transmitter and a receiver, respectively. Step
S10 of Fig. 1B comprises sending signaling according to embodiments and step S20 of Fig. 1C
30 correspondingly comprises receiving signaling according to embodiments. The sent signaling in step
S10 corresponds to a video bit-stream, i.e. encoded representations of pictures in the video sequence.

The received signaling in step S20 corresponds to the reception of this video bit-stream.
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The filtering control method of the embodiments is advantageously implemented in a filtering control
device or, as shown in Fig. 1A, in an intra prediction control device. Fig. 7 is a schematic block diagram
of such a filtering control device 100 (intra-prediction control device). The filtering control device 100
generally comprises a determining unit 110, also referred to as determiner, determining module or

means, and a processing unit 120, also referred to as processor, processing module or means.

The processing unit 120 is configured to check a block size of an intra-predicted block of pixels in a
picture in a video sequence. The processing unit 120 is also configured to compare the block size to a
specified threshold. The determining unit 110 is configured to determine whether to apply filtering of
top-most and/or left-most pixels in the intra-predicted block of pixels based on the comparison of the

block size to the specified threshold.

In an implementation embodiment, the filtering control device comprises means for checking a block
size of an intra-predicted block of pixels in a picture in a video sequence. The filtering control device
also comprises means for comparing the block size to a specified threshold and means for determining
whether to apply filtering of top-most and/or left-most pixels in the intra-predicted block of pixels based

on the comparison of the block size to the specified threshold.

In an embodiment, the processing unit 120 is configured to apply filtering of the top-most and/or the left-
most pixels in the intra-predicted block of pixels if the block size is smaller than the specified threshold.
The processing unit 110 is preferably also configured to prevent applying filtering of the top-most
and/or left-most pixels in the intra-predicted block of pixels if the block size is not smaller than the

specified threshold.

In an embodiment, the determining unit 110 is configured to determine, for luma components of the
pixels, whether to apply filtering of top-most and/or left-most pixel sin the intra-predicted block of pixels

based on the comparison of the block size to the specified threshold.

In an embodiment, the determining unit 110 is configured to determine that the intra-predicted block of
pixels is intra-predicted according to a DC prediction mode. The determining unit 110 is also
configured, in this embodiment, to determine whether to apply filtering of the top-most and the left-most
pixels in the intra-predicted block of pixels based on the comparison of the block size to the specified
threshold.
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In a particular embodiment applicable to DC intra-predicted blocks of pixels, the processing unit 120 is

nS—-1 nS—1
configured to calculate a variable DCVal =| Y ple' —1]+ Y pl-1.y]+nS |>> (k+1). The
x'=0 y'=0

determining unit 110 is configured to determine, if c/dx =0 and nS < 32, predicted sample values of
the pixels in the intra-predicted block of pixels to be:
5 predSamples[0,0] = (1x p[-1,0]+ 2x DCVal +1x p[0,~1]+2) >> 2
predSamples[x,0] = (1x p[x,~1]+3x DCVal +2)>> 2, with x =1..n5 -1
predSamples|0, y]= (1x p[-1, y]+3DCVal +2)>> 2, with y =1..n5 -1
predSamples(x, y|= DCVal , with x,y =1..n5 -1

and otherwise determine the predicted sample values to be:

10 predSamples(x, y|= DCVal , with x,y =0..n5 —1.

In an embodiment, the determining unit 110 is configured to determine that the intra-predicted block of
pixels is intra-predicted according to a vertical prediction mode. The determining unit 110 is also
configured, in this embodiment, to determine whether to apply filtering of the left-most pixels in the

15 intra-predicted block of pixels based on the comparison of the block size to the specified threshold.

In a particular embodiment applicable to vertically intra-predicted block of pixels, the determining unit
110 is configured to determine, if cldx =0 and nS < 32, predicted sample values of the pixels in said
intra-predicted block of pixels to be:
20 predSamples|0, y] = Cliply (plo,~1]+(p[-1, y]- p[=1,-1])>>1), with y =0..aS -1
predSamples(x, y] = p[x,—1], with x=1..nS -1, y=0..nS -1
and otherwise determine said predicted sample values to be:

predSamples(x, y] = p[x,—1], with x, y =0..n5 —1.

25 In an embodiment, the determining unit 110 is configured to determine that the intra-predicted block of
pixels is intra-predicted according to a horizontal prediction mode. The determining unit 110 is also
configured, in this embodiment, to, determine whether to apply filtering of the top-most pixels in the

intra-predicted block of pixels based on the comparison of the block size to the specified threshold.
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In a particular embodiment applicable to horizontally intra-predicted block of pixels, the determining unit
110 is configured to determine, if c/dx =0 and nS < 32, predicted sample values of the pixels in the
intra-predicted block of pixels to be:
predSamples(x,0] = Cliply (p[-1,0]+ (p[x,~1] - p[-1,-1]) >> 1), with x =0..nS -1
predSamples(x, y]= p[-1,y], with x=0..#5 -1, y=1..nS -1
and otherwise determine the predicted sample values to be:

predSamples(x, y] = p[-1, y], with x,y =0..a5 —1.

Accordingly as illustrated in Fig. 7, the filtering control device 100 (intra prediction control device)

implements the functions of embodiments 1-15 or a combination thereof.

The filtering control device 100 of Fig. 7 with its including units 110-120 could be implemented in
hardware. There are numerous variants of circuitry elements that can be used and combined to achieve the
functions of the units 110-120 of the filtering control device 100. Such variants are encompassed by the
embodiments. Particular examples of hardware implementation of the filtering control device 100 is
implementation in digital signal processor (DSP) hardware and integrated circuit technology, including both

general-purpose electronic circuitry and application-specific circuitry.

The filtering control device 100 described herein could alternatively be implemented e.g. by one or
more of a processing unit 72 in a computer 70 and adequate software with suitable storage or memory

therefore, a programmable logic device (PLD) or other electronic component(s) as shown in Fig. 8.

Fig. 8 schematically illustrates an embodiment of a computer 70 having a processing unit 72, such as a
DSP (Digital Signal Processor) or CPU (Central Processing Unit). The processing unit 72 can be a
single unit or a plurality of units for performing different steps of the method described herein. The
computer 70 also comprises an input/output (I/O) unit 71 for receiving recorded or generated video
frames or pictures or encoded video frames or pictures and outputting encoded video frame or pictures
or decoded video data. The I/O unit 71 has been illustrated as a single unit in Fig. 8 but can likewise be

in the form of a separate input unit and a separate output unit.

Furthermore, the computer 70 comprises at least one computer program product 73 in the form of a
non-volatile memory, for instance an EEPROM (Electrically Erasable Programmable Read-Only

Memory), a flash memory or a disk drive. The computer program product 73 comprises a computer
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program 74, which comprises code means which when run on or executed by the computer 70, such
as by the processing unit 72, causes the computer 70 to perform the steps of the method described in
the foregoing in connection with Fig. 1A. Hence, in an embodiment the code means in the computer
program 74 comprises a module 310 configured to implement embodiments 1-12 or combinations
thereof. This module 310 essentially performs the steps of the flow diagrams in Fig. 1A when run on the
processing unit 72. Thus, when the module 310 is run on the processing unit 72 it corresponds to the
corresponding units 110-120 of Fig 7.

An embodiment therefore relates to a computer program 74 for filtering control. The computer program
74 comprises code means which, when executed by a processing unit 72, causes the processing unit
72 to check a block size of an intra-predicted block of pixels of a picture in a video sequence. The code
means also causes the processing unit 72 to compare the block size to a specified threshold. The code
means further causes the processing unit 72 to determine whether to apply filtering of top-most and/or
left-most pixels in the intra-predicted block of pixels based on the comparison of the block size to a
specified threshold.

Another embodiment relates to a computer program product 73 comprising computer readable code

means and a computer program 74 according to above stored on the computer readable code means.

The solution, including the embodiments above, applies to a decoder or an encoder. The encoder may
for example be located in a transmitter in a video camera in e.g. a mobile device. The decoder may for
example be located in a receiver in a video camera or any other device for displaying, decoding or

transcoding a video stream.

Hence, an embodiment relates to an encoder comprising a filtering control device as disclosed above
in connection with Fig. 7.

Fig. 2 is a schematic block diagram of an encoder 40 for encoding a block of pixels in a picture or video

frame of a video sequence according to an embodiment.

A current block of pixels is predicted by performing a motion estimation by a motion estimator 50 from
an already provided block of pixels in the same frame or in a previous frame. The result of the motion

estimation is a motion or displacement vector associated with the reference block, in the case of inter
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prediction. The motion vector is utilized by a motion compensator 50 for outputting an inter prediction of

the block of pixels.

An intra predictor 49 computes an intra prediction of the current block of pixels. The outputs from the
motion estimator/compensator 50 and the intra predictor 49 are input in a selector 51 that either selects
intra prediction or inter prediction for the current block of pixels. The output from the selector 51 is input
to an error calculator in the form of an adder 41 that also receives the pixel values of the current block
of pixels. The adder 41 calculates and outputs a residual error as the difference in pixel values

between the block of pixels and its prediction.

The error is transformed in a transformer 42, such as by a discrete cosine transform, and quantized by
a quantizer 43 followed by coding in an encoder 44, such as by entropy encoder. In inter coding, also
the estimated motion vector is brought to the encoder 44 for generating the coded representation of the

current block of pixels.

The transformed and quantized residual error for the current block of pixels is also provided to an
inverse quantizer 45 and inverse transformer 46 to retrieve the original residual error. This error is
added by an adder 47 to the block prediction output from the motion compensator 50 or the intra
predictor 49 to create a reference block of pixels that can be used in the prediction and coding of a next
block of pixels. This new reference block is first processed by a filtering control device 52 in order to
control any filtering that is applied to the reference block to combat any artifact. The processed new
reference block is then temporarily stored in a frame buffer 48, where it is available to the intra

predictor 49 and the motion estimator/compensator 50.

The encoder 40 preferably comprises a filtering control device 100 (intra prediction control device)
according to the embodiments. The filtering control device 100 of the embodiment is preferably

implemented in the intra predictor 49.

Hence, in an embodiment the encoder 40 comprises a filtering control device 100 of the embodiments
to achieve intra-prediction boundary filtering, preferably implemented in the intra predictor 49, and a

second filtering control device 52 that achieves in-loop filtering, i.e. deblocking filtering.

An embodiment relates to a decoder comprising a filtering control device as disclosed above in

connection with Fig. 7.



10

15

20

25

30

WO 2014/007718 PCT/SE2013/050557
27

Fig. 3 is a corresponding schematic block diagram of a decoder 60 comprising a filtering control device
(intra prediction control device) 100 according to any of the embodiments or in combinations thereof.
The decoder 60 comprises a decoder 61, such as entropy decoder, for decoding an encoded
representation of a block of pixels to get a set of quantized and transformed residual errors. These
residual errors are de-quantized in an inverse quantizer 62 and inverse transformed by an inverse

transformer 63 to get a set of residual errors.

These residual errors are added in an adder 64 to the pixel values of a reference block of pixels. The
reference block is determined by a motion estimator/compensator 67 or intra predictor 66, depending
on whether inter or intra prediction is performed. A selector 68 is thereby interconnected to the adder
64 and the motion estimator/compensator 67 and the intra predictor 66. The resulting decoded block of
pixels output from the adder 64 is input to a filtering control device 69 in order to control any filter that is
applied to combat any artifacts. The filtered block of pixels is output form the decoder 60 and is
furthermore preferably temporarily provided to a frame buffer 65 and can be used as a reference block
of pixels for a subsequent block of pixels to be decoded. The frame buffer 65 is thereby connected to
the motion estimator/compensator 67 to make the stored blocks of pixels available to the motion

estimator/compensator 67.

The output from the adder 64 is preferably also input to the intra predictor 66 to be used as an

unfiltered reference block of pixels.

The decoder 60 preferably comprises a filtering control device 100 (intra prediction control device)
according to the embodiments. The filtering control device 100 of the embodiment is preferably

implemented in the intra predictor 66.

Hence, in an embodiment the decoder 60 comprises a filtering control device 100 of the embodiments
to achieve intra-prediction boundary filtering, preferably implemented in the intra predictor 66, and a

second filtering control device 69 that achieves in-loop filtering, i.e. deblocking filtering.

In the embodiments disclosed in Figs. 2 and 3 the second filtering control device 52, 69 controls
filtering in the form of so called in-loop filtering. In an alternative implementation at the decoder 60 the
filtering control device 52, 69 is arranged to perform so called post-processing filtering. In such a case,

the filtering control device 52, 69 operates on the output frames outside of the loop formed by the adder
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64, the frame buffer 65, the intra predictor 66, the motion estimator/compensator 67 and the selector

68. No filtering and filter control is then typically done at the encoder.

The encoder and/or decoder of the embodiments can be provided in a user equipment or terminal.

Fig. 5 is a schematic block diagram of a user equipment or media terminal 80 housing a decoder 60
with a filtering control device 100 (intra prediction control device). The user equipment 80 can be any
device having media decoding functions that operates on an encoded video stream of encoded video
frames to thereby decode the video frames and make the video data available. Non-limiting examples
of such devices include mobile telephones and other portable media players, tablets, desktops,
notebooks, personal video recorders, multimedia players, video streaming servers, set-top boxes, TVSs,
computers, decoders, game consoles, etc. The user equipment 80 comprises a memory 84 configured
to store encoded video pictures or frames. These encoded video frames can have been generated by
the user equipment 80 itself. Alternatively, the encoded video frames are generated by some other
device and wirelessly transmitted or transmitted by wire to the user equipment 80. The user equipment
80 then comprises a transceiver (transmitter and receiver) or input and output port 82 to achieve the

data transfer.

The encoded video frames are brought from the memory 84 to a decoder 60, such as the decoder
illustrated in Fig. 3. The decoder 60 comprises a filtering control device 100 (intra prediction control
device) according to embodiments. The decoder 60 then decodes the encoded video frames into
decoded video frames. The decoded video frames are provided to a media player 86 that is configured
to render the decoded video frames into video data that is displayable on a display or screen 88 of or

connected to the user equipment 80.

In Fig. 5, the user equipment 80 has been illustrated as comprising both the decoder 60 and the media
player 86, with the decoder 60 implemented as a part of the media player 86. This should, however,
merely be seen as an illustrative but non-limiting example of an implementation embodiment for the
user equipment 80. Also distributed implementations are possible where the decoder 60 and the media
player 86 are provided in two physically separated devices are possible and within the scope of user
equipment 80 as used herein. The display 88 could also be provided as a separate device connected

to the user equipment 80, where the actual data processing is taking place.
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Fig. 4 illustrates another embodiment of a user equipment 80 that comprises en encoder 40, such as
the encoder of Fig. 2, comprising a filtering control device 100 (intra prediction control device)
according to the embodiments. The encoder 40 is then configured to encode video frames received by
the 1/0 unit 82 and/or generated by the user equipment 80 itself. In the latter case, the user equipment
80 preferably comprises a media engine or recorder, such as in the form of or connected to a (video)
camera. The user equipment 80 may optionally also comprise a media player 86, such as a media
player 86 with a decoder and filtering control device (intra prediction control device) according to the

embodiments, and a display 88.

A particular embodiments relates to a media terminal comprising a processing unit and a memory. The
memory comprises code means executable by the processing unit. The media terminal is operative to
check a block size of an intra-predicted block of pixels of a picture in a video sequence. The media
terminal is also operative to compare the block size to a specified threshold and determine whether to
apply filtering of top-most and/or left-most pixels in the intra-predicted block of pixels based on the

comparison of the block size to the specified threshold.

As illustrated in Fig. 6, the encoder 40 and/or decoder 60, such as illustrated in Figs. 2 and 3, may be
implemented in a network device 30 being or belonging to a network node in a communication network
32 between a sending unit 34 and a receiving user equipment 36. Such a network device 30 may be a
device for converting video according to one video coding standard to another video coding standard,
for example, if it has been established that the receiving user equipment 36 is only capable of or
prefers another video coding standard than the one sent from the sending unit 34. The network device
30 can be in the form of or comprised in a radio base station, a Node-B or any other network node in a

communication network 32, such as a radio-based network.

The embodiments are not limited to HEVC but may be applied to any extension of HEVC such as a

scalable extension or multiview extension or to a different video codec.

A video sequence 1 of pictures 2, see Fig. 16, encoded and decoded according to the HEVC video
coding standard, also denoted MPEG-H Part 2 and H.265 in the art, is generally partitioned into so
called coding tree units (CTUs) 3. Such a CTU 3 covers a certain area of the picture, typically 64x64

pixels, although other CTU sizes are possible.
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A picture 2 could be decomposed into luma coding tree blocks (CTBs) and chroma CTBs. Thus, a
given area of the picture 2 constitutes a luma CTB if the pixels have a respective luma value. Two
corresponding chroma CTBs occupy the same area of the picture 2 and have pixels with respective

chroma values. A CTU then comprises such a luma CTB and the corresponding two chroma CTBs.

In HEVC, a CTU 3 comprises one or more so-called coding units (CUs) of pixels and a luma/chroma

CTB correspondingly comprises one or more so-called luma/chroma coding blocks (CBs) of pixels.

In a particular embodiment, a CTU (CTB) 3 is partitioned into one or more CUs (CBs) 4, 5, 6 to form a
quad-tree structure as shown in Fig. 17. Hence, each CTU 3 in a picture can be split recursively in a
quad-split manner, e.g. a CTU 3 of 64x64 pixels can be split into four CUs 5 of 32x32 pixels, each of
which can be split into four CUs 4, 6 of 16x16 pixels, each of which can be further split into four CUs of
8x8 pixels. This recursively splitting of a CTU can take place in a number of steps or depths from a
largest coding unit (LCU) size, i.e. CTU, such as 64x64 pixels, generally having depth 0, down to a
smallest coding unit (SCU) size, such as 8x8 pixels. In Fig. 17 the depth values have been indicated
by D_1and D_2.

Each CU 4, 5, 6 have a prediction mode selected from intra prediction (intra), inter prediction (inter) and
skipped mode (skip). Intra prediction uses pixel information available in the current picture as prediction
reference, and a prediction direction is signaled as coding parameter for each prediction unit (PU). Inter
prediction uses pixel information available in the past or future pictures as prediction reference, and for
that purpose motion vectors are sent as coding parameters for the PUs to signal the motion relative to
the prediction reference. A skipped CU is similar to an inter-predicted CU. However, no motion
information is sent. Hence, a skipped CU reuses motion information already available from previous or

future pictures.

A CU 6 may additionally be split into one or more PUs 7. For intra-predicted CUs 4, 5, 6 there are two
available partitioning modes defining the partition of the CU 4, 5, 6 into PU(s). In the 2Nx2N mode the
size of the PU in terms of the number of pixels is equal to the size of the CU 4, 5. Hence, no further
splitting of the CU into multiple PUs is done. In the other partitioning mode for intra-predicted CUs,
NxN, a CU 6 is split into four equally sized PUs 7. Each PU of an intra-predicted CU has a respective
intra prediction mode, such as one of the 33 possible intra prediction directions, DC prediction mode or
planar prediction mode.



WO 2014/007718 PCT/SE2013/050557
31

Inter-predicted CUs have several available partitioning modes defining whether the inter-predicted CU
comprises one, two or four PUs. Each PU of an inter-predicted CU has a corresponding motion vector

or vectors that point(s) to a respective prediction reference of a past or a future picture.

5 In correspondences to the relation between CTU consisting of one luma CTB and two chroma CTBs, a
CU consists of one luma coding block (CB) and two chroma CBs and a PU consists of one luma

prediction block (PB) and two chroma PBs.

An intra-predicted block of pixels could, when applied to HEVC, be represented as an intra PU 4, 5, 7
10 within a CTU 3 of a picture. Alternatively, the intra-predicted block of pixels could, when applied to
HEVC, be represented as an intra PB within a CTB of a picture and then in particular an intra luma PB

within a luma CTB of a picture.

The embodiments described above are to be understood as a few illustrative examples of the present
15 invention. It will be understood by those skilled in the art that various modifications, combinations and
changes may be made to the embodiments without departing from the scope of the present invention.
In particular, different part solutions in the different embodiments can be combined in other
configurations, where technically possible. The scope of the present invention is, however, defined by
the appended claims.
20
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CLAIMS
1. Afiltering control method comprising:
checking (S1, S1’) a block size of an intra-predicted block (4, 5, 7) of pixels of a picture (2) in a
video sequence (1);
5 comparing (S2, S2') said block size to a specified threshold; and
determining (S3, S3') whether to apply filtering of top-most and/or left-most pixels in said intra-

predicted block of pixels based on said comparison of said block size to said specified threshold.

2. The filtering control method according to claim 1, further comprising applying (S4) filtering of said
10 top-most and/or said left-most pixels in said intra-predicted block (4, 5, 7) of pixels if said block size is

smaller than said specified threshold.

3. The filtering control method according to claim 1 or 2, further comprising preventing (S5)
applying filtering of said top-most and/or said left-most pixels in said intra-predicted block (4, 5, 7) of

15 pixels if said block size is not smaller than said specified threshold.

4. The filtering control method according to any of the claims 1 to 3, further comprising:
determining (S30) that said intra-predicted block (4, 5, 7) of pixels is intra-predicted according to
a DC prediction mode, wherein determining (S3) whether to apply filtering comprises determining (S32)
20 whether to apply filtering of said top-most and said left-most pixels in said intra-predicted block (4, 5, 7)

of pixels based on said comparison of said block size to said specified threshold.

5. The filtering control method according to claim 4, further comprising:

nS—-1 nS—1
calculating (S31) a variable DCVal=| Y plx.~1]+ Y pl-1yl+nS |>> (k+1),
x'=0 y'=0

25 wherein p[x, y| denotes a pixel value of a pixel at position x,y =0..125—1 within said intra-
predicted block (4, 5, 7) of pixels, k =log2(nS), nS represents a width and height of said intra-

predicted block (4, 5, 7) of pixels and >> represents a right shift operator defined as a >> b = {%J

2

and |c| is a largest integer not greater than ¢, wherein determining (S3) whether to apply filtering

comprises determining (S33), if cldx=0 and nS <32, predicted sample values,

30 predSamples|x, y], of said pixels in said intra-predicted block (4, 5, 7) of pixels to be:
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0]=(I1x p[-1,0]+ 2x DCVal +1x p[0,~1]+2) >> 2
]

0]=(1x p[x,~1]+3x DCVal +2) >> 2, with x =1..nS —1

predSamples[0

2

predSamples|x

predSamples|0, y]= (1x p[-1, y]+3DCVal +2)>> 2, with y =1..n5 -1
predSamples(x, y|= DCVal , with x,y =1..n5 -1
5 and otherwise determining (S34) said predicted sample values to be:
predSamples(x, y|= DCVal , with x,y =0..n8 -1,
wherein cldx represents a chroma component index and c/dx =0 indicates that said pixel values of

said pixels are luma components.

10 6.  The filtering control method according to any of the claims 1 to 3, further comprising:
determining (S40) that said intra-predicted block (4, 5, 7) of pixels is intra-predicted according to
a vertical prediction mode, wherein determining (S3) whether to apply filtering comprises determining
(S41) whether to apply filtering of said left-most pixels in said intra-predicted block (4, 5, 7) of pixels
based on said comparison of said block size to said specified threshold.
15
7. The filtering control method according to claim 6, wherein determining (S3) whether to apply
filtering comprises determining (S42), if cldx=0 and nS <32, predicted sample values,
predSamples|x, ], of said pixels in said intra-predicted block (4, 5, 7) of pixels to be:
predSamples|0, y] = Cliply (plo,~1]+(p[-1, y]- p[=1,-1])>>1), with y =0..aS -1
20 predSamples(x, y] = p[x,—1], with x=1..nS -1, y=0..nS -1
and otherwise determining (S42) said predicted sample values to be:
predSamples(x, y] = p[x,—1], with x, y =0..n5 -1,
wherein p[x, ] denotes a pixel value of a pixel at position x,y =0..125—1 within said intra-

predicted block (4, 5, 7) of pixels, nS represents a width and height of said intra-predicted block (4, 5,

25 7) of pixels, cldx represents a chroma component index and c/dx = 0 indicates that said pixel values

of said pixels are luma components, >> represents a right shift operator defined as a >> b = {%J
2

and |c] is a largest integer not greater than ¢, Cliply (d)= Clip3(0,(1 << BitDepthy )—1,d),

BitDepthy denotes bit depth of said luma components, << represents a left shift operator defined as

e, Iif g<e
a<<b=ax2"and Clip3(e, f,g)=1f, ifg>f

g, otherwise
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8.  Thefiltering control method according to any of the claims 1 to 3, further comprising:
determining (S50) that said intra-predicted block (4, 5, 7) of pixels is intra-predicted according to
a horizontal prediction mode, wherein determining (S3) whether to apply filtering comprises
5 determining (S51) whether to apply filtering of said top-most pixels in said intra-predicted block (4, 5, 7)

of pixels based on said comparison of said block size to said specified threshold.

9.  The filtering control method according to claim 8, wherein determining (S3) whether to apply
filtering comprises determining (S52), if cldx=0 and nS <32, predicted sample values,
10 predSamples[x, y], of said pixels in said intra-predicted block (4, 5, 7) of pixels to be:
predSamples(x,0] = Cliply (p[-1,0]+ (p[x,~1] - p[-1,-1]) >> 1), with x =0..nS -1
predSamples(x, y]= p[-1,y], with x=0..#5 -1, y=1..nS -1
and otherwise determining (S53) said predicted sample values to be:
predSamples(x, y] = p[-1, y], with x,y =0..aS -1
15 wherein p[x, y] denotes a pixel value of a pixel at position x,y =0..nS—1 within said intra-
predicted block (4, 5, 7) of pixels, nS represents a width and height of said intra-predicted block (4, 5,
7) of pixels, cldx represents a chroma component index and c/dx =0 indicates that said pixel values
of said pixels are luma components, >> represents a right shift operator defined as a >> b = L%J
and |c] is a largest integer not greater than ¢, Cliply (d)= Clip3(0,(1 << BitDepthy )—1,d),
20 BitDepthy denotes bit depth of said luma components, << represents a left shift operator defined as
e, ifg<e
a<<b=ax2and Clip3le, f,g)=1f, ifg>f
g, otherwise
10.  Afiltering control device (100) comprising:
a processing unit (120) configured to i) check a block size of an intra-predicted block (4, 5, 7) of
pixels of a picture (2) in a video sequence (1) and ii) compare said block size to a specified threshold;
25 and
a determining unit (110) configured to determine whether to apply filtering of top-most and/or left-
most pixels in said intra-predicted block (4, 5, 7) of pixels based on said comparison of said block size

to said specified threshold.
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11.  The filtering control device according to claim 10, wherein said processing unit (120) is
configured to apply filtering of said top-most and/or said left-most pixels in said intra-predicted block (4,

5, 7) of pixels if said block size is smaller than said specified threshold.

12.  The filtering control device according to claim 10 or 11, wherein said processing unit (120) is
configured to prevent applying filtering of said top-most and/or said left-most pixels in said intra-

predicted block (4, 5, 7) of pixels if said block size is not smaller than said specified threshold.

13.  The filtering control device according to any of the claims 10 to 12, wherein said determining unit
(110) is configured to determine, for luma components of said pixels, whether to apply filtering of top-
most and/or left-most pixels in said intra-predicted block (4, 5, 7) of pixels based on said comparison of

said block size to said specified threshold.

14.  The filtering control device according to any of the claims 10 to 13, wherein said determining unit
(110) is configured to determine that said intra-predicted block (4, 5, 7) of pixels is intra-predicted
according to a DC prediction mode, and determine whether to apply filtering of said top-most and said
left-most pixels in said intra-predicted block (4, 5, 7) of pixels based on said comparison of said block

size to said specified threshold.

15.  The filtering control device according to claim 14, wherein

said  processing unit  (120) is  configured to  calculate a  variable

nS—-1 nS—1
DCVal =| Y ple 1]+ Y pl=1.y']+nS |>> (k+1), wherein px, y] denotes a pixel value of
x'=0 y'=0

a pixel at position x, y = 0..nS —1 within said intra-predicted block (4, 5, 7) of pixels, & =log2(nS),
nS represents a width and height of said intra-predicted block (4, 5, 7) of pixels and >> represents a

a

right shift operator defined as a >> b = { - J and |_cj is a largest integer not greater than ¢, and
2

said determining unit (110) is configured to determine, if cldx=0 and nS <32, predicted

sample values, predSamples[x, y], of said pixels in said intra-predicted block (4, 5, 7) of pixels to be:
predSamples[0,0] = (1x p[-1,0]+ 2x DCVal +1x p[0,~1]+2) >> 2
predSamples[x,0] = (1x p[x,~1]+3x DCVal +2)>> 2, with x =1..n5 -1
predSamples|0, y]= (1x p[-1, y]+3DCVal +2)>> 2, with y =1..n5 -1
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predSamples(x, y|= DCVal , with x,y =1..n5 -1
and otherwise determine said predicted sample values to be:
predSamples(x, y|= DCVal , with x,y =0..n8 -1,
wherein cldx represents a chroma component index and c/dx =0 indicates that said pixel values of

said pixels are luma components.

16.  The filtering control device according to any of the claims 10 to 13, wherein said determining unit
(110) is configured to determine that said intra-predicted block (4, 5, 7) of pixels is intra-predicted
according to a vertical prediction mode, and determine whether to apply filtering of said left-most pixels
in said intra-predicted block (4, 5, 7) of pixels based on said comparison of said block size to said

specified threshold.

17.  The filtering control device according to claim 16, wherein said determining unit (110) is
configured to determine, if c/dx =0 and nS <32, predicted sample values, predSamples|x, y], of
said pixels in said intra-predicted block (4, 5, 7) of pixels to be:
predSamples|0, y] = Cliply (plo,~1]+(p[-1, y]- p[=1,-1])>>1), with y =0..aS -1
predSamples(x, y] = p[x,—1], with x=1..nS -1, y=0..nS -1
and otherwise determine said predicted sample values to be:
predSamples(x, y] = p[x,—1], with x, y =0..n5 -1,
wherein p[x, y] denotes a pixel value of a pixel at position x,y =0...25—1 within said intra-

predicted block (4, 5, 7) of pixels, nS represents a width and height of said intra-predicted block (4, 5,

7) of pixels, cldx represents a chroma component index and c/dx =0 indicates that said pixel values

of said pixels are luma components, >> represents a right shift operator defined as a >> b = {%J
2

and |c] is a largest integer not greater than ¢, Cliply (d)= Clip3(0,(1 << BitDepthy )—1,d),

BitDepthy denotes bit depth of said luma components, << represents a left shift operator defined as

e, Iif g<e
a<<b=ax2"and Clip3(e, f,g)=1f, ifg>f

g, otherwise

18.  The filtering control device according to any of the claims 10 to 13, wherein said determining unit

(110) is configured to determine that said intra-predicted block (4, 5, 7) of pixels is intra-predicted
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according to a horizontal prediction mode, and determine whether to apply filtering of said top-most
pixels in said intra-predicted block (4, 5, 7) of pixels based on said comparison of said block size to
said specified threshold.

19.  The filtering control device according to claim 18, wherein said determining unit (110) is
configured to determine, if c/dx =0 and nS <32, predicted sample values, predSamples|x, y], of
said pixels in said intra-predicted block (4, 5, 7) of pixels to be:
predSamples(x,0] = Cliply (p[-1,0]+ (p[x,~1] - p[-1,-1]) >> 1), with x =0..nS -1
predSamples(x, y]= p[-1,y], with x=0..#5 -1, y=1..nS -1
and otherwise determine said predicted sample values to be:
predSamples(x, y] = p[-1, y], with x,y =0..aS -1
wherein p[x, ] denotes a pixel value of a pixel at position x,y =0..125—1 within said intra-
predicted block (4, 5, 7) of pixels, nS represents a width and height of said intra-predicted block (4, 5,

7) of pixels, cldx represents a chroma component index and c/dx =0 indicates that said pixel values

of said pixels are luma components, >> represents a right shift operator defined as a >> b = {%J
2

and |c] is a largest integer not greater than ¢, Cliply (d)= Clip3(0,(1 << BitDepthy )—1,d),
BitDepthy denotes bit depth of said luma components, << represents a left shift operator defined as

e, Iif g<e
a<<b=ax2"and Clip3(e, f,g)=1f, ifg>f

g, otherwise

20.  An encoder (40) comprising a filtering control device (100) according to any of the claims 10 to
19.

21. A decoder (60) comprising a filtering control device (100) according to any of the claims 10 to 19.

22. A user equipment (80) comprising an encoder (40) according to claim 20 and/or a decoder (60)
according to claim 21.

23. A network device (30) being or belonging to a network node in a communication network (32),
said network device (30) comprising an encoder (40) according to claim 20 and/or a decoder (60)
according to claim 21.
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24. A computer program (74) for filtering control, said computer program (74) comprises code
means which when executed by a processing unit (72) causes said compressing unit (72) to:
check a block size of an intra-predicted block (4, 5, 7) of pixels of a picture (2) in a video
5 sequence (1);
compare said block size to a specified threshold; and
determine whether to apply filtering of top-most and/or left-most pixels in said intra-predicted

block (4, 5, 7) of pixels based on said comparison of said block size to said specified threshold.

10 25. A computer program product (73) comprising computer readable code means and a computer

program (74) according to claim 24 stored on said computer readable code means.

26. A mediaterminal (70, 80, 90) comprising:
a processing unit (72); and
15 a memory (73) comprising code means executable by said processing unit (72), whereby said
media terminal (70, 80, 90) is operative to:
check a block size of an intra-predicted block (4, 5, 7) of pixels of a picture (2) in a video
sequence (1);
compare said block size to a specified threshold; and
20 determine whether to apply filtering of top-most and/or left-most pixels in said intra-

predicted block of pixels based on said comparison of said block size to said specified threshold.



PCT/SE2013/050557

WO 2014/007718

1/11

VI Old

SJUSWIPOqUId

025 | o Buipioooe Buijeubis snleoey

o Old

so|dwes S sojdwes
19p10Q Japioq Jo
jo Busyi yum Buuayly Inoyum
uonoipaid el GGg | uonoipaid ey

SJUSWIPOqUId

OFS | o) Buipioooe Buieubis puss

dl Ol

1S

Liy] >J10S
9ZIS Y00|g

sok
£S '.2S

ou

9IS %00|g paloIpald sy} o8y

340IA3d THLO NOILOId3dd VH1NI




WO 2014/007718

2/11

PCT/SE2013/050557

S W,
FE S

FIG. 2



WO 2014/007718

3/11

PCT/SE2013/050557

o Sl

24

FIG. 3



WO 2014/007718 PCT/SE2013/050557

4/11

TR iat
e

.

e it g
e )

s

]
%

o A AR AR SR I A R AR R TP FUF R WA S I PR AR AR SR S I IR A A,

FIG. 5

&

o

3
3
t S
¥
3
E
b
3
3
i
E

|
|
l
|
|
|
|
!
100

S i R N R K K e R TR S i N R s e e

-

G

i

Ty
3
k"

’
g
g
i
i
i
!
]
i
i
i
i

L st aas avas caas aas 2 S Lear aat aaa Ak aans ay 322 2 A

RETEREEn

o,

e,
e

3

FIG. 4

3
Kl

e AR R A A AR AR R A LR A AR AL SRR A A AR R PR A AR AR AR AR AR e AR R AR A

RO OSSOSO U TSSOSO TSSO UU ST UUUUSUUUOUT 5




PCT/SE2013/050557

WO 2014/007718

5/11

81 Old

uosuedwod ay} uo
poseq »%20|q pajoipaid

-eJjul oy} ui spoxid
1SOW-}3| Jo/pue 1sow
-doy Jo Buuoeyy Aldde
0] JOYloym auiwiala(

€S

ploysaiyl
paljnads e 0]
921S Y00|q aJsedwo)

O0|q paldipald-eiul ue
JO 9ZIS Y20|q B Yoay9

¢S

1S

9 'Ol




PCT/SE2013/050557

WO 2014/007718

6/11

8 Ol

N |
¥ NVHOO0Hd
d31NdNOD
€/ 10Nao4dd

NVHOO0Hd 431NdINOD

A

LINMN ONISS3004dd pel

A

O/l ¥4

0/ 431NdNOD

~01€

L Ol

@_?\wb |0J1U0D co_ub_bma-ﬂy
d0IA3A THL0 ONId3 L4

0cl 1INN
ONISS3004d

OFF LINN ONININY313d

N

\

\/\
001




PCT/SE2013/050557

WO 2014/007718

711

6 ©ld

sjexid
1SOW-}8|
pue 1sow
-do} Buueyy
Aq sanjea
a|dwes
paloipaid
Buiniwialaq

oL "BId
sjoxid
YES | 1o Buueyy
sjoxid INOYHIM
j0 Bunisyy sjoxid jsow sonjea ajdwes €€S
INOYHM -}yo| Buneyy pajoipaid
soneA Aq senjea Buluiwisleq
eHS o|dwes 2vS |odwes
pajoipaid pejoipa.d
Buluiwisleq Buluiwialeg

sok

sok

1S [BADQ

dels o)/pud

1ES

apouwl
uonoipaid
ZR]E]

ou

)23

0GS/0€S/1S dais wouy

0SS/0+S/1S dais wouy




PCT/SE2013/050557

WO 2014/007718

8/11

L1 "OIld

sjexid
61 Ol jo Bunieyly
noyim
S GS seneA
UL =10 a|dwes
~ HuL>o < 5215 %00|q 3 SjoxId €4S | peroipaid
> 9218 %00|q JI sjexid 1SOW-1Ja| JO/pUE Buiuiwisleq
Isow-}9| Jo/pue Jsow 1sow-doj jo Bupayy
-doj} jo Bupiayy Addy BuiA|dde juanaid
0¥S/0€S dais oy/pus

€G dals wouy

0SS

apouwl
uonoipaid
[BlUOZLIOH

¢SS

0¥S/0£S/1S dais wouy

sjoxid jsow
-doy Buueyy
Aq sanjea
a|dwes
pajoipa.d
Buiuiwialaq

soAh

1GS




PCT/SE2013/050557

WO 2014/007718

9/11

% v
PHHHTHH ___m._:\::: I

€l "old

hamhndndotimtimi

//
I

/.f
i

=)
)

__:___:/_

/

st

PRI

0€SZ 0C GLOL & O S-0L-Sl-0z-G¢-0¢-

O wn O
N N O

0 O W O Ww
! -

O m oW
NN Y

D eduji}

_|[Heueld enuj:p /

..//

O\

\
A

\

\

A

\
\

\
|
\

i
i

1

O MW W < M N

6
0l
b
4%
el
142
Gl
91
Ll

SUBSTITUTE SHEET (RULE 26)



PCT/SE2013/050557

WO 2014/007718

10/11

Q61 9Ol

ag1 old

VSl Old

vl ©l4
spow 0Q:Z
9" czelvzdezzl "0
zz e

\hﬂ\\ﬂx\\x\u@m

: ——Gl

1A
v
Lz
1

/ 9z

r P m
LLOCY 6L 0L 8L

SUBSTITUTE SHEET (RULE 26)



PCT/SE2013/050557

WO 2014/007718

11/11

9 LI "Old
\ /-
NS*N NZxu
VHLNI e
— 1 X
- // a NZxNg
— VHINI
NZxNg NAN \\ _
“ e
HIINI  [---VHANE---
2 da e
NZxNg
dIMS
_ VHINI
NZ*Ng za _
za
HILNI
- NZ*Ng
e dIMS
HILNI _
~ za
za

91 '©Old




INTERNATIONAL SEARCH REPORT

International application No

PCT/SE2013/050557

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO4N7/26 HO4N7 /34
ADD.

According to International Patent Classification (IPC) or to both national classification and IPG

B. FIELDS SEARCHED

HOAN

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, COMPENDEX, INSPEC, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X MINEZAWA A ET AL:

SG.16 ),

XP030009195,
abstract; figure 1
page 6

"An improved intra
vertical and horizontal prediction",

6. JCT-VC MEETING; 97. MPEG MEETING;
TORINO; (JOINT COLLABORATIVE TEAM ON VIDEO
CODING OF ISO/IEC JTC1/SC29/WG11 AND ITU-T

no. JCTVC-F172, 17 July 2011 (2011-07-17),

1-3,6-9,
11-13,
16-26

Further documents are listed in the continuation of Box C.

D See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannotbe
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

6 August 2013

Date of mailing of the international search report

16/08/2013

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Streich, Sebastian

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

International application No

PCT/SE2013/050557

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X

X,P

Alshina et al.: "Block-size and pixel
position independent boundary smoothing
for non-directional Intra prediction
(JCTVC-F252)",

JCTVC archive, JCTVC-F252_r4.pdf

JCTVC,

no. JCTVC-F252

17 July 2011 (2011-07-17), XP002709977,
Torino

Retrieved from the Internet:
URL:http://wftp3.itu.int/av-arch/jctvc-sit
e/2011 67 _F Torino/JCTVC-F252-v6.zip
[retrieved on 2013-08-06]

the whole document

BROSS B ET AL: "High Efficiency Video
Coding (HEVC) text specification draft 7",
9. JCT-VC MEETING; 100. MPEG MEETING;
GENEVA; (JOINT COLLABORATIVE TEAM ON VIDEO
CODING)OF ISO/IEC JTC1/SC29/WG11 AND ITU-T
SG.16 ),

no. JCTVC-11003, 10 May 2012 (2012-05-10),
XP030112373,

abstract

sections 8.4.3.1.3 to 8.4.3.1.5

NORKIN (ERICSSON) A: "CEl: Reduction of
block artifacts in HEVC",

11. JCT-VC MEETING; 102. MPEG MEETING;
SHANGHAT; (JOINT COLLABORATIVE TEAM ON
VIDEO CODING OF ISO/I1EC JTC1/SC29/WG11l AND
ITU-T SG.16 ),

no. JCTVC-KO186,

1 October 2012 (2012-10-01), XP030113068,
abstract; figure 3

sections 3.1 and 9.1

1-5,
10-15,
20-26

1-26

1-26

Form PCT/ISA/210 (continuation of second sheet) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - claims
	Page 35 - claims
	Page 36 - claims
	Page 37 - claims
	Page 38 - claims
	Page 39 - claims
	Page 40 - claims
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - wo-search-report
	Page 53 - wo-search-report

