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METHODS FOR CHROMA CODING IN VIDEO CODEC

TECHNICAL FIELD

[0001] The invention relates generally to video processing. In particular, the
present invention relates to methods for specifying coding structures and prediction

methods for chroma component in video/picture.

BACKGROUND

[0002] The HEVC standard (a.k.a H.265) is based on the well-known block-based
hybrid coding architecture, combining inter/intra prediction and transform coding
with high-efficiency entropy coding. Below we will see the descriptions of the coding
structures and prediction in HEVC.

[0003] Coding unit (CU) and coding tree structure in HEVC

The coding unit (CU) is a square region, represented as the leaf node of a quadtree
partitioning of the CTU, which shares the same prediction mode: intra, inter or
skipped. The quad-tree partitioning structure allows recursive splitting into four
equally sized nodes, starting from the CTU as illustrated in Fig. 1. This process gives
a content-adaptive coding tree structure comprised of CUs, each of which may be as
large as the CTU or as small as 8x8. Each non-skipped CU is assigned to one of two
prediction modes: intra prediction or inter prediction. A skipped CU is considered to
be an inter prediction mode without coding of motion vector differences and residual
information.

[0004] Prediction unit (PU) structure in HEVC

The prediction unit (PU) is a region, defined by partitioning the CU, on which the
same prediction is applied. In general, the PU is not restricted to being square in shape,
in order to facilitate partitioning which matches the boundaries of real objects in the
picture.

Each CU contains one, two or four PUs depending on the partition mode. Fig. 2
illustrates the eight partition modes that may be used to define the PUs for an inter-
coded CU. The PART 2Nx2N and PART NxN partition modes are used for an intra-
coded CU. The partition mode PART NxN is allowed only when the corresponding
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CU size is equal to the minimum CU size. In general, the HM supports PU sizes from
64x64 down to 4x4 samples. However, in order to reduce the memory bandwidth of
motion compensation, the 4x4 block size is not allowed for an inter-coded PU.

[0005] Transform unit (TU) and transform tree structure in HEVC

The transform unit (TU) is a square region, defined by quad-tree partitioning of the
CU, which shares the same transform and quantization processes. The TU shape is
always square and it may take a size from 32x32 down to 4x4 samples. The maximum
quad-tree depth is adjustable and is specified in the slice header syntax.

[0006] Intra Predictionin HEVC

Prediction modes

The decoded boundary samples of adjacent blocks are used as reference data for
spatial prediction in regions where inter picture prediction is not performed. All TUs
within a PU use the same associated intra prediction mode for the luma component
and the chroma components. Note that the prediction process is performed at TU level,
in other words, each TU uses its immediately adjacent reconstructed pixels to generate
the predictors. The encoder selects the best luma intra prediction mode of each PU
from 35 options: 33 directional prediction modes, a DC mode and a Planar mode. The
mapping between the intra prediction direction and the intra prediction mode number
is specified in Fig. 3.
For the chroma component of an intra PU, the encoder selects the best chroma
prediction modes among five modes including Planar, DC, Horizontal, Vertical and a
direct copy of the intra prediction mode for the luma component ( also called derived
mode, DM mode).
When the intra prediction mode number for the chroma component is not 4 and it is
identical to the intra prediction mode number for the luma component, the intra
prediction direction of 34 is used for the intra prediction sample generation for the
chroma component.
Similar to DM mode, another mode called the luma-predict-chroma mode (LM mode)
takes advantage of the inter-channel correlation but behaves differently ( LM mode is
not used in HEVC). As shown in Fig. 4, in LM mode, Chroma predictor is predicted
from reconstructed luma using Eq. 1.

Pred.|x,y]|=a-Rec,'|x,y]+ Eq. 1
where o and B are derived from causal reconstructed samples around the current

block (Luma needs to be down-sampled for 4:2:0 which is the same as the chroma
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down-sampling method in the normal YCbCr4:4:4 to YCbCr4:2:0 down-sampling)
using the Eq. 2 and 3 (least square solution). Rec. is the vector of reconstructed
chroma samples around the current chroma block; Rec’t, is the vector of down-
sampled reconstructed luma samples around the current luma block and I is the
number of used neighboring samples around current block.

1 Zl: Rec,.(i)- Rec, '(i)— iRecC @)- Zl: Rec, '(i)

i i i —
o= =

1 Zl:RecL (i) Rec, '(i)— [Zl: Rec, '(i)j

A
— Eq.2
a,

Zl:RecC(i)—a-Zl:RecL () Eq 3

ﬂ: i=0

1

There are also some variant of LM mode. The LM parameters o and B can be
selectively generated by different sets of neighboring reconstructed pixels.

[0007]1 Imter Prediction in HEVC

Prediction modes

Each inter coded PU has a set of motion parameters consisting of motion vector,
reference picture index, reference picture list usage flag to be used for inter prediction
sample generation, signalled in an explicit or implicit manner. When a CU is coded
with skip mode, the CU is represented as one PU that has no significant transform
coefficients and motion vectors, reference picture index and reference picture list
usage flag obtained by merge mode. The merge mode is to find the neighbouring inter
coded PU such that its motion parameters (motion vector, reference picture index, and
reference picture list usage flag) can be inferred as the ones for the current PU. The
encoder can select the best inferred motion parameters from multiple candidates
formed by spatially neighbouring PUs and temporally neighbouring PUs, and transmit
the corresponding index indicating the chosen candidate. The merge mode can be
applied to any inter coded PU, not only for skip mode. In any inter coded PUs, the
encoder can use merge mode or explicit transmission of motion parameters, where
motion vector, corresponding reference picture index for each reference picture list
and reference picture list usage flag are signalled explicitly per each PU. For inter
coded PU, significant transform coefficients are sent to decoder. The details are
presented in the following sections.

[0008] Please note that, in HEVC, luma component and two chroma components
share the same CU split structure. PU structures, prediction modes and prediction

parameters (e.g. motion vectors and reference index) are also shared between luma
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and chroma when the current CU is coded in inter mode. However, when the current
CU is coded in intra mode, PU and intra prediction modes can be different for luma
and chroma components, respectively. To be specific, in a intra CU, the PU for luma
component can be either 2Nx2N or NxN but the PU for chroma component can only
be 2Nx2N.

[0009] In this invention, we mainly focus on improving the coding structure and
prediction efficiency of chroma components by allowing flexible coding structure and

prediction for chroma components.

SUMMARY

[0010] In light of the previously described problems, the sub-PU prediction
restriction methods are proposed.

[0011] 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

[0012] The invention can be more fully understood by reading the subsequent
detailed description and examples with references made to the accompanying
drawings, wherein:

[0013] Fig. 1isa diagram illustrating an example of coding tree structure.

[0014] Fig. 2is adiagram illustrating 8 partition modes for inter PU.

[0015] Fig. 3 is a diagram illustrating mapping between intra prediction direction
and intra prediction mode.

[0016] Fig. 4is adiagram illustrating samples used to derive LM parameters.
[0017] Fig 5 is a diagram illustrating quad-tree split, horizontal binary split and
vertical binary split.

[0018] Fig. 6isadiagram illustrating additional samples for chroma prediction.

[0019] Fig 7is adiagram illustrating removed samples for chroma prediction.
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DETAILED DESCRIPTION

[0020] 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.

[0021] The main feature of this invention is to enable non-square intra prediction
for chroma components for achieving higher coding performance. This idea can be
realized in different ways as described below.

[0022] The non-square intra prediction can be realized by enabling various
partition modes for chroma components in intra CU. The enabled partition modes are
not limited to the 8 partition modes as shown in Fig. 2. Under this scheme, when the
number of the supported partition mode is larger than 1, the partition mode needs to
be signaled for each intra chroma CU.

[0023] In another embodiment, the non-square intra prediction can be realized by
enabling non-square CU for intra chroma prediction. The non-square CU can be in
any shape of rectangle with “width not equal to height” and “width and height are
both power of 27,

[0024] Yet in another embodiment, the non-square intra prediction can be realized
by enabling non-square transform. The non-square transform unit can be in any shape
of rectangle with “width not equal to height” and “width and height are both power of
7

[0025] In one example of the invention, each CTU or CU can be split into smaller
CUs using either horizontal binary-tree split, vertical binary-tree split or quad-tree
split as shown in Fig. 5. With the binary-tree split, CU can be in non-square shape.
When PU and TU are both equal to CU, the chroma components prediction in intra
CU can then be performed in a way of non-square intra prediction.

[0026] To support non-square intra prediction for chroma components, some
modifications may need to be made for existed chroma intra modes. The
modifications are illustrated as below.

[0027] When current intra chroma block is non-square (MxN), intra DC
prediction method is modified to make sure the number of the averaged samples will

be power of 2 by taking additional samples or removing samples for DC calculation.
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With the proposed modifications, the process of taking average can then be done by
shift operation. To be specific, additional X (X is equal to the length of long side
minus short side) samples along the short side of current block are used to calculate
the DC value as shown in Fig. 6(a). In another embodiment, additional samples can be
the second lines of the short side as shown in Fig. 6(b). Yet in another embodiment, X
can be any number to make sure the number of the samples used to calculate the DC
value will be power of 2 and the additional samples can be any subset of the neighbor
reconstructed pixels.

[0028] Yet in another embodiment, we can remove the X samples from the
neighboring samples around the current block (X is equal to the length of short side).
As shown in Fig. 7(a), X samples are removed from the long side of current block. As
shown in Fig. 7(b), X samples are removed from the long side of current block
interleavingly. Yet in another embodiment, X can be any number to make sure the
number of the samples used to calculate the DC value will be power of 2 and the
removed samples can be any subset of the neighbor reconstructed pixels.

[0029] Yet in another embodiment, the DC is calculated as the average of the DC
of above samples and the DC of the left samples.

[0030] When current intra chroma block is non-square (MxN), the LM mode is
modified to make sure the number of the samples used to derive the LM parameters o
and P will be power of 2 by taking additional samples or removing samples for LM
parameters derivation. With the proposed modifications, the process of LM parameter
derivation can then be done by shift operation. To be specific, additional X (X is equal
to the length of long side minus short side) samples along the short side of current
block are used to derive the LM parameters as shown in Fig. 6 (a). In another
embodiment, additional samples can be the second lines of the short side as shown in
Fig. 6 (b). Yetin another embodiment, X can be any number to make sure the number
of the samples used to derive the LM parameters will be power of 2 and the additional
samples can be any subset of the neighbor reconstructed pixels.

[0031] Yet in another embodiment, we can remove the X samples from the
neighboring samples around the current block (X is equal to the length of short side).
As shown in Fig. 7(a), X samples are removed from the long side of current block. As
shown in Fig. 7(b), X samples are removed from the long side of current block

interleavingly. Yet in another embodiment, X can be any number to make sure the
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number of the samples used to derive the LM parameters will be power of 2 and the

removed samples can be any subset of the neighbor reconstructed pixels.
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CLAIMS

1. A scheme of non-square intra prediction for chroma components in video
coding.

2. The method as claimed in claim 1, wherein the intra chroma CU can have
non-square prediction unit (PU).

3. The method as claimed in claim 1, wherein the intra chroma CU can have
the non-square prediction unit (PU) and the non-square transform unit (TU), and the
size of non-square prediction unit is equal to the size of the no-square transform unit.

4. The method as claimed in claim1, wherein the intra chroma processing unit
can have non-square coding unit, for the 2NxN or Nx2N non-square coding unit, it
will be further divided into two NxN transform units.

5. The method as claimed in claim1, wherein the intra chroma processing unit
can have non-square prediction unit, for the 2NxN or Nx2N non-square prediction
unit, it will be further divided into two NxN transform units.

6. The method as claimed in claim 1, wherein the intra chroma CU can be in
the shape of non-square.

7. The method as claimed in claim 3, wherein the intra chroma CTU or CU
can be split using conventional quad-tree split, horizontal binary split or vertical
binary split.

8.  The method as claimed in claim 1, wherein non-square transform unit is
applied for intra chroma CU.

9.  The method as claimed in claim 1, wherein the intra DC prediction method
is modified for non-square intra chroma prediction to make sure the number of the
averaged samples will be power of 2 by taking additional samples or removing
samples for DC calculation

10. The method as claimed in claim 1, wherein the LM mode is modified for
non-square intra chroma prediction to make sure the number of the samples used to
derive the LM parameters will be power of 2 by taking additional samples or
removing samples for LM parameters derivation.

11. The method as claimed in claim 1, for the non-square, quad-tree split,
horizontal binary split or vertical binary split intra prediction unit (PU), the
reconstructed pixels adjacent to current PU are used to derive the intra predictors.

12. The method as claimed in claim 1, for the non-square, quad-tree split,
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horizontal binary split or vertical binary split intra prediction unit (PU), the
reconstructed pixels adjacent to the CU coving current PU are used to derive the intra
predictors.

13. The method as claimed in claim 1, wherein the partition of the chroma
prediction block is directly inherited from the partition of the luma prediction block.
When the luma intra prediction unit is non-square block, quad-tree split, horizontal
binary split or vertical binary split, the chroma intra prediction unit will also be non-

square block, quad-tree split, horizontal binary split or vertical binary split.
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