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SEGMENTAL PREDICTION FOR VIDEO CODING

TECHNICAL FIELD

[0001] The invention relates generally to video/image processing.

BACKGROUND

[0002] Prediction takes a critical role in video coding. When coding or decoding a
block, a prediction block, which is generated by intra-prediction or inter-prediction, is
obtained first before producing residues at encoder or reconstructing the
reconstruction samples at decoder.

[0003] Besides inter-prediction and intra-prediction, a new prediction mode named
intra-block copy (IBC) has been adopted in the screen content coding (SCC) profile
for high efficiency video coding (HEVC) standard. IBC was adopted to take
advantage of reduplicated content in a picture. As depicted in Fig.1, a reference block
in the current picture is copied to the current block as the prediction if IBC is applied.
The reference block is located by applying a block-copying vector (BV). The samples
in the reference block must have been reconstructed already before the current block
is coded or decoded.

[0004] Inter simplified depth coding (InterSDC) is adopted into 3D-HEVC as a
special prediction mode for depth coding. When InterSDC is used, a normal inter-
prediction is performed for the current block first. Then each pixel in the prediction
block is added by a coded offset. Suppose P; ; represents the prediction value at pixel
position ( i, j) after performing the normal inter-prediction, Offset is the offset coded
for this block. Then the final prediction value at pixel position is P; j+ Offset. With
InterSDC mode, no residues are coded. Thus the final prediction value will be output
as the reconstructed value.

[0005] Depth lookup table (DLT) is adopted into 3D-HEVC. Since there are often
only several values appearing in the depth component, DLT signals those valid values
from the encoder to the decoder. When a CU is coded in intra simplified depth coding
(SDC) mode or depth map modeling (DMM) mode, DLT is used to map the valid
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depth value to a DLT index which is much easier to compress. Fig.2 demonstrates an
example of DLT approach. DLT is signaled in picture parameter set (PPS). And it is
left to be an encoder issue how to get the DLT when encoding.

[0006] Since prediction values come from reconstructed pixels, there are distortions
between the prediction values and the original values, even if the original pixels in the
current block and the original pixels in the reference block are exactly the same.
Because the reconstructed signal loses high-frequency information generally, the
quality of prediction is deteriorated more when there are sharp pixel value changes in
the reference block. Fig. 3 and Fig. 4 demonstrate two examples where there are two

and three segments with sharp edges in a block.

SUMMARY

[0007] In light of the previously described problems, a segmental prediction method
is proposed. The prediction block is processed by a segmental process before it is used
to get residues at an encoder or get reconstruction at a decoder. The segmental
prediction method comprises classifying pixels in the prediction block into different
categories, named as ‘segment’, wherein the pixels in the segment can be adjacent or
not, treating the pixels in different segments in different ways, and forming a new
prediction block after the treatment. The new prediction block is used to get the
residues at the encoder or get the reconstruction at the decoder.

[0008] Other aspects and features of the invention will become apparent to those
with ordinary skill in the art upon review of the following descriptions of specific

embodiments.

BRIEF DESCRIPTION OF DRAWINGS

[0009] The invention can be more fully understood by reading the subsequent
detailed description and examples with references made to the accompanying
drawings, wherein:

[0010] Fig. 1 is a diagram illustrating intra block copying;

[0011] Fig. 2 is a diagram illustrating is a diagram illustrating an example of DLT
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where five valid values appear in depth samples.

[0012] Fig. 3 is a diagram illustrating a block with two segments with sharp sample
value changes;

[0013] Fig. 4 is a diagram illustrating a block with three segments with sharp sample
value changes;

[0014] Fig. 5 is a diagram illustrating an exemplary segmental prediction
architecture at the decoder;

[0015] Fig. 6 is a diagram illustrating an exemplary segmental process architecture;
[0016] Fig. 7 is a diagram illustrating an exemplary treatment for a segment. After
the treatment, pixels in the segment can hold different values;

[0017] Fig. 8 is a diagram illustrating an exemplary treatment for a segment. After

the treatment, pixels in the segment hold only one value.

DETAILED DESCRIPTION

[0018] The following description is of the best-contemplated mode of carrying out
the invention. This description is made for the purpose of illustrating the general
principles of the invention and should not be taken in a limiting sense. The scope of
the invention is best determined by reference to the appended claims.

[0019] A segmental prediction method is proposed.

[0020] In one embodiment, the prediction block is processed by a segmental process
before it is used to get the residues at encoder or get the reconstruction at decoder. In
another embodiment, the prediction block is processed by a segmental process, and
then the modified prediction block is output as the reconstruction without adding to
residues. Fig. 5 demonstrates segmental prediction architecture at the decoder.

[0021] In the segmental process, there are two steps generally as depicted in Fig.6.
The first step is called ‘classification’, in which the pixels in a prediction block are
classified into different categories, named as ‘segment’. Pixels in a segment can be
adjacent or not. The second step is called ‘treatment’, in which pixels in different
segments are treated in different ways. Finally, all the pixels after the treatment form
a new prediction block which is output then. The number of segments can be any
positive integers such as 1, 2, 3, etc.

[0022] In one embodiment, the prediction values can be classified according to their
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values.

[0023] In another embodiment, the prediction values can be classified according to
their positions.

[0024] In still another embodiment, the prediction values can be classified according
to their gradients. Gradients can be got by applying operators such as Sobel, Roberts,
and Prewitt.

[0025] In still another embodiment, classification is not applied if the number of
segments is one.

[0026] In still another embodiment, the prediction block is classified into two
segments in the classification step. A pixel is classified according to its relationship
with a threshold number 7. In one example, a pixel is classified into segment 0 if its
value is larger than 7, Otherwise it is classified into segment 1. In another example, a
pixel is classified into segment O if its value is larger than or equal to 7, Otherwise it
is classified into segment 1.

[0027] In still another embodiment, 7 is calculated as a function of all the pixel
values in the prediction block. In a formula way, 7= f(P), where P represents all the
pixel values in the prediction block.

[0028] In still another embodiment, 7 is calculated as the average value of all the
pixel values in the prediction block.

[0029] In still another embodiment, T is calculated as the middle value of all the
pixel values in the prediction block.

[0030] In still another embodiment, 7 is calculated as the average value of the
minimum and the maximum pixel value in the prediction block. In a formula way,
T= (Vmax+Vmin)/2, where Vmax and Vmin are the minimum and the maximum pixel
value in the prediction block respectively.

[0031] In still another embodiment, the prediction block is classified into M (M>2)
segments in the classification step. A pixel is classified according to its relationship
with M — 1 threshold numbers 77<= T,<=...<= T),;. In one example where M is equal
to 3, a pixel is classified into segment 0 if its value is smaller than 77; it is classified
into segment 2 if its value is larger than 75; otherwise it is classified into segment 1. In
another example, a pixel is classified into segment O if its value is smaller than or
equal to 77; it is classified into segment 2 if its value is larger than 7»; otherwise it is
classified into segment 1.

[0032] In still another embodiment, 7 is calculated as a function of all the pixel
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values in the prediction block, where k if from 1 to M-1. In a formula way, T} = f; (P),
where P represents all the pixel values in the prediction block.

[0033] In still another embodiment where M is equal to 3, 7} is calculated as

[0034] T\=(T+Vmin)/2

[0035] and

[0036] T»= (Vmax+T)/2,

[0037] where T is the average value of all the pixel values in the prediction block.
Vmax and Vmin are the minimum and the maximum pixel value in the prediction
block respectively.

[0038] In one embodiment as depicted in Fig. 7, an offset Offy, is added to a pixel in
a segment, denoted as segment U, in the treatment process to get the new prediction
value. In a formula way, Vuew=Vold+ Offy, where Vold is the pixel value before the
treatment and Vwuew is the pixel value after the treatment respectively.

[0039] In another embodiment as depicted in Fig. 8, all pixels possess the same
value Vi in a segment, denoted as segment U, after the treatment process. an offset
Offv 1s added to an estimated value Ey; to obtain Vy. In a formula way, Vi = Ey + Offv.
[0040] In another embodiment, Ey is calculated as a function of all the pixel values
in segment U. In a formula way, £y = f(Py), where Py represents all the pixel values
in segment U.

[0041] In still another embodiment, Ey is calculated as the average value of all the
pixel prediction values in segment U.

[0042] In still another embodiment, Ey is calculated as the middle value of all the
pixel prediction values in segment U.

[0043] In still another embodiment, Ey is calculated as the average value of the
minimum and the maximum pixel prediction value in segment U. In a formula way,
Ev= (V’max+VYmin)/2, where V’max and Vmin are the minimum and the maximum
pixel prediction value in segment U respectively.

[0044] In one embodiment, the offset Offy; for segment U can be signaled explicitly
by the encoder to decoder, or it can be derived implicitly by the decoder.

[0045] In one embodiment, the offset Offy; for segment U is calculated by the
encoder according to the pixel original values in segment U and pixel prediction
values in segment U. For example, the offset Offy; for segment U is calculated by the
encoder by subtracting the average value of all the pixel original values in segment U

and the average value of all the pixel prediction values in segment U.
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[0046] In another embodiment, the offset Offy for segment U is calculated by the
encoder by subtracting the average value of all the pixel original values in segment U
and Ey.

[0047] In still another embodiment, Offldxy instead of Offy is coded. Offldxy is the
DLT index offset.

[0048] In still another embodiment, Vy is calculated as Vi =g( f(Evy) + Offldxy),
where frepresents a function mapping a depth value to a DLT index, and g represents
a function mapping a DLT index to a depth value. f(Ey) + Offldxy should be clipped
to a valid DLT index.

[0049] In another embodiment, the DLT index offset Offidxy for segment U is
calculated by the encoder by subtracting DLT index of the average value of all the
pixel original values in segment U and the DLT index of Ey. In a formula way,
Offldxy= f(Auv)- f(Ev), where Ay is the average value of all the original pixel values in
segment U and frepresents a function mapping a depth value to a DLT index.

[0050] In one embodiment, the segmental prediction method can be used or not
adaptively. The encoder can send the information of whether to use the segmental
prediction method to the decoder explicitly. Or the decoder can derive whether to use
the segmental prediction method in the same way as the encoder implicitly.

[0051] In still another embodiment, the segmental prediction method can be applied
on coding tree unit (CTU), coding unit (CU), prediction unit (PU) or transform unit
(TU).

[0052] In still another embodiment, the encoder can send the information of whether
to use the segmental prediction method to the decoder in video parameter set (VPS),
sequence parameter set (SPS), picture parameter set (PPS), slice header (SH), CTU,
CU, PU, or TU.

[0053] In still another embodiment, the segmental prediction method can only be
applied for CU with some particular sizes. For example, it can only be applied to a
CU with size larger than 8x8. In another example, it can only be applied to a CU with
size smaller than 64x64.

[0054] In still another embodiment, the segmental prediction method can only be
applied for CU with some particular PU partition. For example, it can only be applied
to a CU with 2Nx2N partition.

[0055] In still another embodiment, the segmental prediction method can only be

applied for CU with some particular coding mode. For example, it can only be applied
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to a CU with IBC mode.

[0056] In still another embodiment, the segmental prediction method can only be
applied for CU with InterSDC mode.

[0057] In one embodiment, the number of segments in the segmental prediction
method is adaptively. The encoder can send the information of how many segments to
the decoder explicitly when the segmental prediction method is used. Or the decoder
can derive the number in the same way as the encoder implicitly.

[0058] In still another embodiment, the encoder can send the information of how
many segments to the decoder in video parameter set (VPS), sequence parameter set
(SPS), picture parameter set (PPS), slice header (SH), CTU, CU, PU, or TU where the
segmental prediction method is used.

[0059] In still another embodiment, the encoder can send the information of the
offsets for each segment to the decoder in video parameter set (VPS), sequence
parameter set (SPS), picture parameter set (PPS), slice header (SH), CTU, CU, PU, or
TU where the segmental prediction method is used.

[0060] In still another embodiment, the encoder can send the information of whether
to use the segmental prediction method to the decoder in a CU coded with InterSDC
mode.

[0061] In still another embodiment, the encoder can send the information of how
many segments to the decoder in a CU coded with InterSDC mode.

[0062] In still another embodiment, the encoder can send the information of the
offsets or DLT index offsets for each segment to the decoder in a CU coded with
InterSDC and in which the segmental prediction method is used.

[0063] In still another embodiment, the segmental prediction method can be applied
to the texture component. It can also be applied to depth components in 3D video
coding.

[0064] In still another embodiment, the segmental prediction method can be applied
to the luma component. It can also be applied to chroma components.

[0065] In still another embodiment, the decision of whether to use segmental
prediction method can be made separately for each component, with information
signaled separately. Or, the decision of whether to use segmental prediction method
can be made together for all components, with a single piece of information signaled.
[0066] In still another embodiment, the number of segments when segmental

prediction method is used can be controlled separately for each component separately,
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with information signaled separately. Or, the number of segments when segmental
prediction method is used can be controlled together for all components, with a single
piece of information signaled.

[0067] In still another embodiment, the offsets for each segment when segmental
prediction method is used can be decided separately for each component separately,
with information signaled separately. Or, the offsets for each segment when segmental
prediction method is used can be decided together for all components, with a single
piece of information signaled.

[0068] The methods described above can be used in a video encoder as well as in a
video decoder. Embodiments of disparity vector derivation methods according to the
present invention as described above may be implemented in various hardware,
software codes, or a combination of both. For example, an embodiment of the present
invention can be a circuit integrated into a video compression chip or program codes
integrated into video compression software to perform the processing described herein.
An embodiment of the present invention may also be program codes to be executed
on a Digital Signal Processor (DSP) to perform the processing described herein. The
invention may also involve a number of functions to be performed by a computer
processor, a digital signal processor, a microprocessor, or field programmable gate
array (FPGA). These processors can be configured to perform particular tasks
according to the invention, by executing machine-readable software code or firmware
code that defines the particular methods embodied by the invention. The software
code or firmware codes may be developed in different programming languages and
different format or style. The software code may also be compiled for different target
platform. However, different code formats, styles and languages of software codes
and other means of configuring code to perform the tasks in accordance with the
invention will not depart from the spirit and scope of the invention.

[0069] The invention may be embodied in other specific forms without departing
from its spirit or essential characteristics. The described examples are to be
considered in all respects only as illustrative and not restrictive. To the contrary, it is
intended to cover various modifications and similar arrangements (as would be
apparent to those skilled in the art). Therefore, the scope of the appended claims
should be accorded the broadest interpretation so as to encompass all such

modifications and similar arrangements.
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CLAIMS

1. A method of segmental prediction coding, in which a prediction block is
processed by a segmental process before used to get residues at an encoder or get
reconstruction at a decoder, comprising,

classifying pixels in the prediction block into different categories, named as
‘segment’, wherein the pixels in a segment is either adjacent or not;

treating the pixels in different segments in different ways; and

forming a new prediction block after treatment for all the pixels, wherein the new
prediction block is used to get the residues at the encoder or get the reconstruction at
the decoder.

2. The method as claimed in claim 1, wherein prediction values are classified
according to values, positions, or gradients.

3. The method as claimed in claim 2, wherein the prediction block is classified
into two segments, and a pixel is classified according to its relationship with a
threshold number 7.

4. The method as claimed in claim 3, wherein 7 is calculated as a function of all
the pixel values in the prediction block, and the function comprises one of the
following calculations:

T'is calculated as an average value of all the pixel values in the prediction block;

T is calculated as a middle value of all the pixel values in the prediction block;
and

T is calculated as an average value of a minimum and a maximum pixel value in
the prediction block, 7= (Vmax+Vmin)/2, where Vmax and Vmin are the minimum
and the maximum pixel value in the prediction block respectively.

5. The method as claimed in claim 2, wherein the prediction block is classified
into M (M>2) segments, and a pixel is classified according to its relationship with
M — 1 threshold numbers 7<= Th<=...<= Tp.

6. The method as claimed in claim 5, wherein T} is calculated as a function of all
the pixel values in the prediction block, where & if from 1 to M-1, Ty = fi (P), where P
represents all the pixel values in the prediction block.

7. The method as claimed in claim 5, wherein M is equal to 3, a pixel is classified

into segment 0 if its value is smaller than 77; it is classified into segment 2 if its value
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is larger than 7,; otherwise it is classified into segment 1, T1= (T+Vmin)/2 and
To= (Vmax+T)/2, where T is an average value of all the pixel values in the prediction
block, Vmax and Vmin are a minimum and a maximum pixel value in the prediction
block respectively.

8. The method as claimed in claim 1, wherein an offset Offys is added to a pixel in
a segment, denoted as segment U, in the treatment process to get the new prediction
value, Vnew=Vold+ Offy, where Vold is the pixel value before treatment and Vaew is
the pixel value after treatment respectively.

9. The method as claimed in claim 1, wherein all pixels possess a same value Vy;
in a segment, denoted as segment U, after treatment, and an offset Offy; is added to an
estimated value Ey to obtain Vi, Viy= Ey + Offy.

10. The method as claimed in claim 9, Ey; is calculated as a function of all the
pixel values in segment U, Ey = f{Py), where Py represents all the pixel values in
segment U, and functions include but not limited to:

Ey is calculated as an average value of all the pixel prediction values in
segment U,

Ey is calculated as a middle value of all the pixel prediction values in segment U;

Ey is calculated as an average value of a minimum and a maximum pixel
prediction value in segment U, Ey= (V/max+V min)/2, where V’max and VVmin are a
minimum and the maximum pixel prediction value in segment U respectively.

11. The method as claimed in claim 8, wherein the offset Offy; for segment U is
signaled explicitly by the encoder to decoder, or the offset Offy is derived implicitly
by the decoder.

12. The method as claimed in claim 11, wherein Offldxy instead of Offy is
coded, and Offldxy is depth lookup table (DLT) index offset.

13. The method as claimed in claim 9, wherein Vy is calculated as
Vv =g( f(Ey) + Offldxy), where f represents a function mapping a depth value to a
DLT index, and g represents a function mapping a DLT index to a depth value,
J(Ev) + Offldxy is clipped to a valid DLT index.

14. The method as claimed in claim 8, wherein the offset Offy for segment U is
calculated by the encoder according to pixel original values in segment U and pixel
prediction values in segment U, wherein the offset Offy; for segment U is calculated by
the encoder by subtracting an average value of all the pixel original values in segment

U and Ey.

10



10

15

20

25

30

WO 2015/196333 PCT/CN2014/080515

15. The method as claimed in claim 12, wherein the DLT index offset Offldxy
for segment U is calculated by the encoder by subtracting DLT index of the average
value of all the pixel original values in segment U and the DLT index of Ey,
Offldxi= f(Av)- f(Ev), where Ay is the average value of all the original pixel values in
segment U and frepresents a function mapping a depth value to a DLT index.

16. The method as claimed in claim 1, wherein the segmental prediction method
is used adaptively, the encoder sends information of whether to use the segmental
prediction method to the decoder explicitly, or the decoder derives whether to use the
segmental prediction method in the same way as the encoder implicitly.

17. The method as claimed in claim 1, wherein the segmental prediction method
is applied on coding tree unit (CTU), coding unit (CU), prediction unit (PU) or
transform unit (TU), and the encoder sends information of whether to use the
segmental prediction method to the decoder in video parameter set (VPS), sequence
parameter set (SPS), picture parameter set (PPS), slice header (SH), CTU, CU, PU, or
TU.

18. The method as claimed in claim 1, wherein the segmental prediction method
only applies for CU with a predetermined set of sizes.

19. The method as claimed in claim 1, wherein the segmental prediction method
only applies for CU with a predetermined set of PU partitions.

20. The method as claimed in claim 1, wherein the segmental prediction method
only applies for CU with a predetermined set of coding modes.

21. The method as claimed in claim 1, wherein a number of segments in the
segmental prediction method is adaptively, and the encoder sends information of how
many segments to the decoder explicitly when the segmental prediction method is
used, or the decoder derives the number in the same way as the encoder implicitly.

22. The method as claimed in claim 1, wherein the encoder sends information
of how many segments to the decoder in video parameter set (VPS), sequence
parameter set (SPS), picture parameter set (PPS), slice header (SH), CTU, CU, PU, or
TU where the segmental prediction method is used.

23. The method as claimed in claim 1, wherein the encoder sends information
of offsets or DLT index offsets for each segment to the decoder in video parameter set
(VPS), sequence parameter set (SPS), picture parameter set (PPS), slice header (SH),
CTU, CU, PU, or TU where the segmental prediction method is used.

24. The method as claimed in claim 20, wherein the segmental prediction

11
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method is only applied for CU with InterSDC mode.

25. The method as claimed in claim 1, wherein the segmental prediction method
is applied to luma component, chroma components, or both luma and chroma
components.

26. The method as claimed in claim 1, wherein the segmental prediction method
is applied to a texture component or depth components in 3D video coding.

27. The method as claimed in claim 1, wherein a decision of whether to use
segmental prediction method is made separately for each component, with
information signaled separately, or the decision of whether to use segmental
prediction method is made together for all components, with a single piece of
information signaled.

28. The method as claimed in claim 1, wherein a number of segments when
segmental prediction method is used is controlled separately for each component
separately, with information signaled separately, or the number of segments when
segmental prediction method is used is controlled together for all components, with a
single piece of information signaled.

29. The method as claimed in claim 1, wherein the offsets for each segment
when segmental prediction method is used is decided separately for each component
separately, with information signaled separately, or the offsets for each segment when
segmental prediction method is used is decided together for all components, with a
single piece of information signaled.

30. The method as claimed in claim 16, wherein the encoder sends information
of whether to use the segmental prediction method to the decoder in a CU coded with
InterSDC mode, for a CU coded with InterSDC and in which the segmental prediction
method is used, the encoder sends information of how many segments to the decoder

and information of the offsets or DLT index offsets for each segment.

12
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