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TITLE
THE METHOD AND APPARATUS FOR INTRA SUB-PARTITIONS CODING MODE

TECHNICAL FIELD
Embodiments of the present application (disclosure) generally relate to the field of picture

processing and more particularly to intra sub-partitions (ISP) coding mode.

BACKGROUND

Video coding (video encoding and decoding) is used in a wide range of digital video
applications, for example broadcast digital TV, video transmission over internet and mobile
networks, real-time conversational applications such as video chat, video conferencing, DVD
and Blu-ray discs, video content acquisition and editing systems, and camcorders of security

applications.

The amount of video data needed to depict even a relatively short video can be substantial,
which may result in difficulties when the data is to be streamed or otherwise communicated
across a communications network with limited bandwidth capacity. Thus, video data is
generally compressed before being communicated across modern day telecommunications
networks. The size of a video could also be an issue when the video is stored on a storage
device because memory resources may be limited. Video compression devices often use
software and/or hardware at the source to code the video data prior to transmission or storage,
thereby decreasing the quantity of data needed to represent digital video images. The
compressed data is then received at the destination by a video decompression device that
decodes the video data. With limited network resources and ever increasing demands of
higher video quality, improved compression and decompression techniques that improve

compression ratio with little to no sacrifice in picture quality are desirable.

The Intra Sub-Partitions (ISP) coding mode is an updated version of the Line-Based Intra
prediction (LIP) coding. The ISP technology performs sub partitioning only for luma block,
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the quality of the reconstructed video pictures is lower or worse compared to the quality of

the original video pictures.

Several video coding standards belong to the group of “lossy hybrid video codecs” (i.e.
combine spatial and temporal prediction in the sample domain and 2D transform coding for
applying quantization in the transform domain). Each picture of a video sequence is typically
partitioned into a set of non-overlapping blocks and the coding is typically performed on a
block level. In other words, at the encoder the video is typically processed, i.e. encoded, on a
block (video block) level, e.g. by using spatial (intra picture) prediction and/or temporal (inter
picture) prediction to generate a prediction block, subtracting the prediction block from the
current block (block currently processed/to be processed) to obtain a residual block,
transforming the residual block and quantizing the residual block in the transform domain to
reduce the amount of data to be transmitted (compression), whereas at the decoder the inverse
processing compared to the encoder is applied to the encoded or compressed block to
reconstruct the current block for representation. Furthermore, the encoder duplicates the
decoder processing loop such that both will generate identical predictions (e.g. intra- and

inter predictions) and/or re-constructions for processing, i.e. coding, the subsequent blocks.

In the following embodiments of a video coding system 10, a video encoder 20 and a video

decoder 30 are described based on Figs. 1 to 3.

Fig. 1A is a schematic block diagram illustrating an example coding system 10, e.g. a video
coding system 10 (or short coding system 10) that may utilize techniques of this present
application. Video encoder 20 (or short encoder 20) and video decoder 30 (or short decoder
30) of video coding system 10 represent examples of devices that may be configured to

perform techniques in accordance with various examples described in the present application.

As shown in FIG. 1A, the coding system 10 comprises a source device 12 configured to
provide encoded picture data 21 e.g. to a destination device 14 for decoding the encoded

picture data 21.

The source device 12 comprises an encoder 20, and may additionally, i.e. optionally,
comprise a picture source 16, a pre-processor (or pre-processing unit) 18, e.g. a picture pre-

processor 18, and a communication interface or communication unit 22.
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The communication interface 22 and the communication interface 28 may be configured to
transmit or receive the encoded picture data 21 or encoded data via a direct communication
link between the source device 12 and the destination device 14, e.g. a direct wired or
wireless connection, or via any kind of network, e.g. a wired or wireless network or any
combination thereof, or any kind of private and public network, or any kind of combination

thereof.

The communication interface 22 may be, e.g., configured to package the encoded picture data
21 into an appropriate format, e.g. packets, and/or process the encoded picture data using any
kind of transmission encoding or processing for transmission over a communication link or

communication network.

The communication interface 28, forming the counterpart of the communication interface 22,
may be, e.g., configured to receive the transmitted data and process the transmission data
using any kind of corresponding transmission decoding or processing and/or de-packaging to

obtain the encoded picture data 21.

Both, communication interface 22 and communication interface 28 may be configured as
unidirectional communication interfaces as indicated by the arrow for the communication
channel 13 in Fig. 1A pointing from the source device 12 to the destination device 14, or bi-
directional communication interfaces, and may be configured, e.g. to send and receive
messages, €.g. to set up a connection, to acknowledge and exchange any other information
related to the communication link and/or data transmission, e.g. encoded picture data

transmission.

The decoder 30 is configured to receive the encoded picture data 21 and provide decoded
picture data 31 or a decoded picture 31 (further details will be described below, e.g., based on
Fig. 3 or Fig. 5).

The post-processor 32 of destination device 14 is configured to post-process the decoded
picture data 31 (also called reconstructed picture data), e.g. the decoded picture 31, to obtain
post-processed picture data 33, e.g. a post-processed picture 33. The post-processing

performed by the post-processing unit 32 may comprise, e.g. color format conversion (e.g.
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A (digital) picture is or can be regarded as a two-dimensional array or matrix of samples with
intensity values. A sample in the array may also be referred to as pixel (short form of picture
element) or a pel. The number of samples in horizontal and vertical direction (or axis) of the
array or picture define the size and/or resolution of the picture. For representation of color,
typically three color components are employed, i.e. the picture may be represented or include
three sample arrays. In RGB format or color space a picture comprises a corresponding red,
green and blue sample array. However, in video coding each pixel is typically represented in
a luminance and chrominance format or color space, e.g. YCbCr, which comprises a
luminance component indicated by Y (sometimes also L is used instead) and two
chrominance components indicated by Cb and Cr. The luminance (or short luma) component
Y represents the brightness or grey level intensity (e.g. like in a grey-scale picture), while the
two chrominance (or short chroma) components Cb and Cr represent the chromaticity or
color information components. Accordingly, a picture in YCbCr format comprises a
luminance sample array of luminance sample values (YY), and two chrominance sample arrays
of chrominance values (Cb and Cr). Pictures in RGB format may be converted or transformed
into YCbCr format and vice versa, the process is also known as color transformation or
conversion. If a picture is monochrome, the picture may comprise only a luminance sample
array. Accordingly, a picture may be, for example, an array of luma samples in monochrome
format or an array of luma samples and two corresponding arrays of chroma samples in 4:2:0,

4:2:2, and 4:4:4 colour format.

Embodiments of the video encoder 20 may comprise a picture partitioning unit (not depicted
in Fig. 2) configured to partition the picture 17 into a plurality of (typically non-overlapping)
picture blocks 203. These blocks may also be referred to as root blocks, macro blocks
(H.264/AVC) or coding tree blocks (CTB) or coding tree units (CTU) (H.265/HEVC and
VVC). The picture partitioning unit may be configured to use the same block size for all
pictures of a video sequence and the corresponding grid defining the block size, or to change
the block size between pictures or subsets or groups of pictures, and partition each picture

into the corresponding blocks.

In further embodiments, the video encoder may be configured to receive directly a block 203
of the picture 17, e.g. one, several or all blocks forming the picture 17. The picture block 203

may also be referred to as current picture block or picture block to be coded.

13
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The intra prediction unit 254 may include Intra Sub-Partitions (ISP) coding mode, which

further divide coding unit into several prediction blocks and may predict them sequentially.

Inter-Prediction

The set of (or possible) inter-prediction modes depends on the available reference pictures
(i.e. previous at least partially decoded pictures, e.g. stored in DPB 230) and other inter-
prediction parameters, e.g. whether the whole reference picture or only a part, e.g. a search
window area around the area of the current block, of the reference picture is used for
searching for a best matching reference block, and/or e.g. whether pixel interpolation is

applied, e.g. half/semi-pel and/or quarter-pel interpolation, or not.

Additional to the above prediction modes, skip mode and/or direct mode may be applied.

The inter prediction unit 244 may include a motion estimation (ME) unit and a motion
compensation (MC) unit (both not shown in Fig.2). The motion estimation unit may be
configured to receive or obtain the picture block 203 (current picture block 203 of the current
picture 17) and a decoded picture 231, or at least one or a plurality of previously
reconstructed blocks, e.g. reconstructed blocks of one or a plurality of other/different
previously decoded pictures 231, for motion estimation. E.g. a video sequence may comprise
the current picture and the previously decoded pictures 231, or in other words, the current
picture and the previously decoded pictures 231 may be part of or form a sequence of pictures

forming a video sequence.

The encoder 20 may, e.g., be configured to select a reference block from a plurality of
reference blocks of the same or different pictures of the plurality of other pictures and
provide a reference picture (or reference picture index) and/or an offset (spatial offset)
between the position (X, y coordinates) of the reference block and the position of the current
block as inter prediction parameters to the motion estimation unit. This offset is also called

motion vector (MV).

The motion compensation unit is configured to obtain, e.g. receive, an inter prediction
parameter and to perform inter prediction based on or using the inter prediction parameter to
obtain an inter prediction block 265. Motion compensation, performed by the motion

compensation unit, may involve fetching or generating the prediction block based on the

22
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picture data 21 (e.g. encoded bitstream 21), e.g. encoded by encoder 20, to obtain a decoded
picture 331. The encoded picture data or bitstream comprises information for decoding the
encoded picture data, e.g. data that represents picture blocks of an encoded video slice

(and/or tile groups or tiles) and associated syntax elements.

In the example of Fig. 3, the decoder 30 comprises an entropy decoding unit 304, an inverse
quantization unit 310, an inverse transform processing unit 312, a reconstruction unit 314
(e.g. a summer 314), a loop filter 320, a decoded picture buffer (DPB) 330, a mode
application unit 360, an inter prediction unit 344 and an intra prediction unit 354. Inter
prediction unit 344 may be or include a motion compensation unit. Video decoder 30 may, in
some examples, perform a decoding pass generally reciprocal to the encoding pass described

with respect to video encoder 100 from FIG. 2.

As explained with regard to the encoder 20, the inverse quantization unit 210, the inverse
transform processing unit 212, the reconstruction unit 214 the loop filter 220, the decoded
picture buffer (DPB) 230, the inter prediction unit 344 and the intra prediction unit 354 are
also referred to as forming the “built-in decoder” of video encoder 20. Accordingly, the
inverse quantization unit 310 may be identical in function to the inverse quantization unit
110, the inverse transform processing unit 312 may be identical in function to the inverse
transform processing unit 212, the reconstruction unit 314 may be identical in function to
reconstruction unit 214, the loop filter 320 may be identical in function to the loop filter 220,
and the decoded picture buffer 330 may be identical in function to the decoded picture buffer
230. Therefore, the explanations provided for the respective units and functions of the video
20 encoder apply correspondingly to the respective units and functions of the video decoder

30.

Entropy Decoding

The entropy decoding unit 304 is configured to parse the bitstream 21 (or in general encoded
picture data 21) and perform, for example, entropy decoding to the encoded picture data 21 to
obtain, e.g., quantized coefficients 309 and/or decoded coding parameters (not shown in Fig.
3), e.g. any or all of inter prediction parameters (e.g. reference picture index and motion
vector), intra prediction parameter (e.g. intra prediction mode or index), transform
parameters, quantization parameters, loop filter parameters, and/or other syntax elements.

Entropy decoding unit 304 maybe configured to apply the decoding algorithms or schemes

24
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315 in the sample domain, e.g. by adding the sample values of the reconstructed residual

block 313 and the sample values of the prediction block 365.

Filtering

The loop filter unit 320 (either in the coding loop or after the coding loop) is configured to
filter the reconstructed block 315 to obtain a filtered block 321, e.g. to smooth pixel
transitions, or otherwise improve the video quality. The loop filter unit 320 may comprise one
or more loop filters such as a de-blocking filter, a sample-adaptive offset (SAO) filter or one
or more other filters, e.g. a bilateral filter, an adaptive loop filter (ALF), a sharpening, a
smoothing filters or a collaborative filters, or any combination thereof. Although the loop
filter unit 320 is shown in FIG. 3 as being an in loop filter, in other configurations, the loop

filter unit 320 may be implemented as a post loop filter.

Decoded Picture Buffer
The decoded video blocks 321 of a picture are then stored in decoded picture buffer 330,
which stores the decoded pictures 331 as reference pictures for subsequent motion

compensation for other pictures and/or for output respectively display.

The decoder 30 is configured to output the decoded picture 331, e.g. via output 312, for

presentation or viewing to a user.

Prediction

The inter prediction unit 344 may be identical to the inter prediction unit 244 (in particular to
the motion compensation unit) and the intra prediction unit 354 may be identical to the inter
prediction unit 254 in function, and performs split or partitioning decisions and prediction
based on the partitioning and/or prediction parameters or respective information received
from the encoded picture data 21 (e.g. by parsing and/or decoding, e.g. by entropy decoding
unit 304). Mode application unit 360 may be configured to perform the prediction (intra or
inter prediction) per block based on reconstructed pictures, blocks or respective samples

(filtered or unfiltered) to obtain the prediction block 365.

When the video slice is coded as an intra coded (I) slice, intra prediction unit 354 of mode
application unit 360 is configured to generate prediction block 365 for a picture block of the

current video slice based on a signaled intra prediction mode and data from previously

26
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For example, the application programs 510 can include applications 1 through N, which
further include a video coding application that performs the methods described here.

The apparatus 500 can also include one or more output devices, such as a display 518. The
display 518 may be, in one example, a touch sensitive display that combines a display with a
touch sensitive element that is operable to sense touch inputs. The display 518 can be coupled

to the processor 502 via the bus 512.

Although depicted here as a single bus, the bus 512 of the apparatus 500 can be composed of
multiple buses. Further, the secondary storage 514 can be directly coupled to the other
components of the apparatus 500 or can be accessed via a network and can comprise a single
integrated unit such as a memory card or multiple units such as multiple memory cards. The

apparatus 500 can thus be implemented in a wide variety of configurations.

The Intra Sub-Partitions (ISP) coding mode is an updated version of the Line-Based Intra
prediction (LIP) coding. Conventional version of Intra Sub-Partitions Coding Mode supports
only one chroma subsampling (also called as chroma format or chroma color format) — 4:2:0,
and does not have any parameters for other chroma formats support. In particular,
conventional version of Intra Sub-Partitions Coding Mode cannot work for chroma
subsampling 4:4:4, which is widely used in applications. The embodiments of the invention
extends Intra Sub-Partitions Coding Mode to cover all chroma subsampling.

The embodiments of the invention proposes two solutions to extend Intra Sub-Partitions
Coding Mode to cover chroma subsampling:

1) Adding two input parameters SubWidthC and SubHeightC, corresponding to
horizontal and vertical chroma subsampling. These parameters are used for chroma
transform block size derivation.

2) Extension of normal case wherein for chroma subsampling 4:4:4, ISP partition for

chroma corresponding to the ISP partitioning for luma.

A (digital) picture is or can be regarded as a two-dimensional array or matrix of samples with
intensity values. A sample in the array may also be referred to as pixel (short form of picture
element) or a pel. The number of samples in horizontal and vertical direction (or axis) of the
array or picture define the size and/or resolution of the picture. For representation of color,
typically three color components are employed, i.e. the picture may be represented or include

three sample arrays. In RGB format or color space a picture comprises a corresponding red,

30
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SuledthC = (1 + logZ(Wluma / Wchroma))

SubHelghtC = (1 + logZ(hluma / hchroma)),

Where Wiuma, hiuma are the dimensions of luma array and Wenhroma, hehroma are the dimensions of

corresponding chroma arrays. Thus the variables SubWidthC and SubHeightC represent a

ratio between luma and chroma sizes.

In a first embodiment, the ISP technology performs sub partitioning only for luma block, for

chroma blocks the prediction and further transform are performed for whole CU block

without partitioning. It should be noted that at transform unit stage, TU for chroma block

should be handled according to chroma format specifies in the bitstream, e.g. at SPS level,

and generic values described luma and chroma sizes’ relations, e.g. SubWidthC and

SubHeightC shall be used. Table 2 below demonstrates an example of chroma TU location

and size determining for the first embodiment.

Table 2 — an example of transform_unit syntax table for the first embodiment

transform_unit( x0, y0, tbWidth, tbHeight, treeType, subTulndex ) {

Descriptor

if( IntraSubPartitionsSplitType !=ISP_NO_ SPLIT &&

treeType = = SINGLE _TREE && subTulndex = = NumlntraSubPartitions — 1) ){

xC = CbPosX[ x0 ][ y0 ]

yC = CbPosY[ x0 ][ y0 ]

wC = CbWidth[ x0 ][ y0 ]/ SubWidthC

hC = CbHeight[ x0 ][ y0 ]/ SubHeightC

}

mif( tu_cbf luma[ x0][y0])

residual_coding( x0, y0, Log2( tbWidth ), Log2( tbHeight ), 0 )

if( tu_cbf cb[x0][y0])

residual _coding( xC, yC, Log2( wC ), Log2( hC), 1)

if( tu_cbf cr[x0 ][ y0])

residual_coding( xC, yC, Log2( wC ), Log2( hC), 2)

In the Table 2 the coordinates x0, y0 and the sizes tbWidth, tbHeight represent location and
size for current luma TU block; and global arrays CbPosX, CbPosY, CbWidth, CbHeight

allows to retrive CU locations and sizes. Thus the coordinates and sizes xC, yC, wC, hC are

being calculated to represent chroma TU block equaling to chroma CU block. It should be

noted that, depending of using chorma clor format, chroma block size can be different from

the correspondent luma blcok size, so for handling all chroma format cases, width and height

for chroma block are normalized by SubWidthC and SubHeightC correspondingly.
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else-branch. In this case location and sizes for the current chroma blocks are being taken from
the TU locations and coordinates.

At the second embodiment, the value of intraSubPartitionsSplitType can be determined
similarly as the way described in the first embodiment.

Figure 9 illustrates embodiments of a method of Intra Sub-Partitions (ISP) coding
implemented by a decoding apparatus according to the present invention. The decoding
apparatus may be video decoder 30 of Figure 1A, or decoder 30 of Figure 3. The method of
ISP coding includes the following steps. At step 901, the decoding apparatus obtains
information of ISP. As described above, the decoding apparatus may parse a bitstream received
from an encoding apparatus. The bitstream includes information to indicate ISP, for example,
intra_subpartitions _split flag and/or intra_subpartitions mode flag. The decodign apparatus
then obtains information of ISP, for example, IntraSubPartitionsSplitType, based on
intra_subpartitions_split flag and/or intra_subpartitions mode flag.

At step 902, the decoding apparatus determines whether a first condition is fulfilled, where
the first condition includes: 1) a single tree is used to partition the coding unit, and 2) the
information of ISP indicates that ISP is used for splitting the luma coding block. The
expression “IntraSubPartitionsSplitType != ISP NO_ SPLIT” means that the information of
ISP indicates that ISP is used for splitting the luma coding block. The expression “treeType
== SINGLE TREE” means that a single tree is used to partition the coding unit.

At step 903, the decoding apparatus determines a size of a chroma transform block (TB) of
the coding unit based on SubWidthC and SubHeightC when at least the first condition is
fulfilled, where SubWidthC and SubHeightC are variables depending on chroma format
information, the chroma format information indicates a chroma format of a picture the coding
unit belongs to, and where the chroma format includes at least one of: 4:2:0, or 4:2:2, or
4:4:4.

The decoding apparatus may determine the size of the chroma TB based on SubWidthC and
SubHeightC, and also based on a size of a luma coding block of the coding unit. For example,
the size of the chroma transform block satisfies:

wC = CbWidth[ x0 ][ y0 ]/ SubWidthC; and

hC = CbHeight[ x0 ][ yO ]/ SubHeightC;

where wC reprensents a width of the chroma transform block, hC reprensents a height of the
chroma transform block, CbWidth reprensents a width of the luma coding block, and
CbHeight reprensents a height of the luma coding block.

The size of the chroma transform block is determined according to the following rule:

36



10

15

20

25

30

-otherwise, the size of the chroma transform block is determined as a function of the size of
the luma coding block and the chroma format.

The encoding apparatus may determine the size of the chroma TB when the first condition
and a second condition are fulfilled, where the second condition comprises that a variable
ChromaArrayType is not equal to a default value, for example, 3.

At step 1003, the encoding apparatus encodes a bitstream, where the bitstream includes
information to indicate that ISP is used for splitting the luma coding block of the coding unit.
For example, the bitstream includes information to indicate ISP, for example,
intra_subpartitions_split flag and/or intra_subpartitions_mode flag.

FIG. 11 illustrates embodiments of a decoding apparatus 1100 for Intra Sub-Partitions (ISP).
The decoding apparatus 1100 may be video decoder 30 of Figure 1A, or decoder 30 of Figure
3. The apparatus 1100 includes an obtaining unit 1101 and a determining unit 1102. The
obtaining unit 1101, configured to obtain information of ISP, where the information of ISP
indicates whether ISP is used for splitting a luma coding block of a coding unit. The
determining unit 1102, configured to determine a size of a chroma transform block (TB) of
the coding unit based on SubWidthC and SubHeightC when at least a first condition is
fulfilled, wherein SubWidthC and SubHeightC are variables depending on chroma format
information. The chroma format information indicates a chroma format of a picture the
coding unit belongs to, and the chroma format includes at least one of: 4:2:0, or 4:2:2, or
4:4:4. The first condition includes: 1) a single tree is used to partition the coding unit, and 2)
the information of ISP indicates that ISP is used for splitting the luma coding block.

The decoding apparatus is configured to perform the method as described in Fig. 9 and other
embodiments described above. For example, the determining unit 1102 is configured to
determine the size of the chroma transform block according to the following rule:

-if the chroma format equals to 4:4:4, the size of the chroma transform block equals to the
size of the luma coding block;

-otherwise, the size of the chroma transform block is determined as a function of the size of
the luma coding block and the chroma format.

The determining unit may be configured to determine the size of the chroma transform block
of the coding unit based on the SubWidthC and SubHeightC when the first condition and a
second condition are fulfilled, wherein the second condition comprises that a variable
ChromaArrayType is not equal to a default value.

FIG. 12 illustrates embodiments of an encoding apparatus 1200 for Intra Sub-Partitions

(ISP). The encoding apparatus 1200 may be video encoder 20 of Figure 1A, or encoder 20 of
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second condition are fulfilled, wherein the second condition comprises that a variable
ChromaArrayType is not equal to a default value.

The present application further provides the following embodiments:

Embodiment 1. A method of coding implemented by a decoding device, the method
comprises:

parsing a bitstream, wherein the bitstream includes information of Intra Sub-Partitions (ISP)
Coding Mode;

determining a chroma transform unit (TU) of a block coded by the ISP coding mode, a size of
the chroma transform unit depending on a chroma format.

Embodiment 2. The method of Embodiment 1, wherein the size of the chroma transform unit
also depends on a size of a luma coding block.

Embodiment 3. The method of Embodiment 1 or 2, wherein the size of the chroma transform
unit is determined according to:

wC = CbWidth[ x0 ][ y0 ]/ SubWidthC; and

hC = CbHeight[ x0 ][ y0 ]/ SubHeightC;

wherein wC reprensents a width of the chroma TU, hC reprensents a height of the chroma
TU, SubWidthC and SubHeightC are variables depending on the chroma format, and
CbWidth and CbHeight are global arrays.

Embodiment 4. The method of Embodiment 3, SubWidthC and SubHeightC are determined
as follows:

SubWidthC = (1 + 10g2(Wiuma / Wehroma));

SubHeightC = (1 + log2(hiuma / hehroma));

Where Wiuma, hiuma are the dimensions corresponding a luma array; Wehroma, hehroma are the
dimensions of corresponding a chroma arrays.

Embodiment 5. The method of Embodiment 1, wherein a size of the chroma transform unit is
determined according to the following rule:

-if the chroma format equals to 4:4:4, the size of the chroma transform unit equals to a size of
a corresponding luma transform unit;

-otherwise, the size of the chroma transform unit equals to a size of a corresponding luma
coding unit.

Embodiment 6. The method of Embodiment 5, wherein the size of the chroma transform unit

is determined according to following table:
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if(ChromaArrayType != 3 && (IntraSubPartitionsSplitType != ISP NO SPLIT &&
treeType == SINGLE TREE && subTulndex == NumlntraSubPartitions — 1 )){

wC = CbWidth[ x0 ][ y0 ]/ SubWidthC

hC = CbHeight[ x0 ][ y0 ]/ SubHeightC

} else

wC = tbWidth / SubWidthC

hC = tbHeight / SubHeightC

Embodiment 7. The method of any one of Embodiments 1-6, wherein the method further
comprises:

determining a luma transform unit of the block coded by the ISP coding mode.

Embodiment 8. A method of coding implemented by an encoding device, comprising;:
determining a chroma transform unit (TU) of a block coded by Intra Sub-Partitions (ISP)
coding mode, a size of the chroma transform unit depending on a chroma format, and
encoding a bitstream, wherein the bitstream includes information of the ISP coding mode.
Embodiment 9. The method of Embodiment 8, wherein the size of the chroma transform unit
also depends on a size of a luma coding block.

Embodiment 10. The method of Embodiment 8 or 9, wherein the size of the chroma
transform unit is determined according to:

wC = CbWidth[ x0 ][ yO ]/ SubWidthC; and

hC = CbHeight[ x0 ][ yO ]/ SubHeightC;

wherein wC reprensents a width of the chroma TU, wC reprensents a height of the chroma
TU, SubWidthC and SubHeightC are variables depending on the chroma format, and
CbWidth and CbHeight are global arrays.

Embodiment 11. The method of Embodiment 10, SubWidthC and SubHeightC are
determined as follows:

SubWidthC = (1 + 10g2(Wiuma / Wehroma));

SubHeightC = (1 + log2(hiyma / hehroma));

Where Wiuma, hiuma are the dimensions of a luma array; Wehroma, hehroma are the dimensions of
corresponding a chroma array.

Embodiment 12. The method of Embodiment 8, wherein a size of the chroma transform unit
is determined according to the following rule:

-if the chroma format equals to 4:4:4, the size of the chroma transform unit equals to a size of
a corresponding luma transform unit;

-otherwise, the size of the chroma transform unit equals to a size of a corresponding luma

coding unit.
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Embodiment 13. The method of Embodiment 12, wherein the size of the chroma transform

unit is determined according to following table:

if(ChromaArrayType != 3 && (IntraSubPartitionsSplitType != ISP NO_SPLIT &&
treeType == SINGLE TREE && subTulndex = = NumlIntraSubPartitions — 1 )){

wC = CbWidth[ x0 ][ y0 ]/ SubWidthC

hC = CbHeight[ x0 ][ y0 ]/ SubHeightC

} else

wC = tbWidth / SubWidthC

hC = tbHeight / SubHeightC

Embodiment 14. The method of any one of Embodiments 8-13, wherein the method further
comprises:

determining a luma transform unit of the block coded by the ISP coding mode.
Embodiment 15. A method of coding implemented by a decoding device, the method
comprises:

parsing a bitstream, wherein the bitstream includes information of chroma format;
determining a size of a chroma transform unit (TU) based on the chroma format.
Embodiment 16. The method of Embodiment 15, wherein the size of the chroma transform
unit is determined according to:

wC = CbWidth[ x0 ][ yO ]/ SubWidthC; and

hC = CbHeight[ x0 ][ yO ]/ SubHeightC;

wherein wC reprensents a width of the chroma TU, hC reprensents a height of the chroma
TU, SubWidthC and SubHeightC are variables depending on the chroma format, and
CbWidth and CbHeight are width and height of a coding block, repectivelly.

Embodiment 17. The method of Embodiment 16, SubWidthC and SubHeightC are
determined as follows:

SubWidthC = (1 + 10g2(Wiuma / Wehroma));

SubHeightC = (1 + log2(hiyma / hehroma));

Where Wiuma, hiuma are the dimensions corresponding a luma array; Wehroma, hehroma are the
dimensions corresponding a chroma array.

Embodiment 18. The method of any one of Embodiments 15-17, wherein a size of the
chroma transform unit is determined according to the following rule:

-if the chroma format equals to 4:4:4, the size of the chroma transform unit equals to a size of
a corresponding luma transform unit;

-otherwise, the size of the chroma transform unit equals to a size of a corresponding coding

unit.
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is transmitted to video decoder 3206 and audio decoder 3208 without through the
demultiplexing unit 3204.

Via the demultiplexing processing, video elementary stream (ES), audio ES, and optionally
subtitle are generated. The video decoder 3206, which includes the video decoder 30 as
explained in the above mentioned embodiments, decodes the video ES by the decoding
method as shown in the above-mentioned embodiments to generate video frame, and feeds
this data to the synchronous unit 3212. The audio decoder 3208, decodes the audio ES to
generate audio frame, and feeds this data to the synchronous unit 3212. Alternatively, the
video frame may store in a buffer (not shown in FIG. 14) before feeding it to the synchronous
unit 3212. Similarly, the audio frame may store in a buffer (not shown in FIG. 14) before
feeding it to the synchronous unit 3212.

The synchronous unit 3212 synchronizes the video frame and the audio frame, and supplies
the video/audio to a video/audio display 3214. For example, the synchronous unit 3212
synchronizes the presentation of the video and audio information. Information may code in
the syntax using time stamps concerning the presentation of coded audio and visual data and
time stamps concerning the delivery of the data stream itself.

If subtitle is included in the stream, the subtitle decoder 3210 decodes the subtitle, and
synchronizes it with the video frame and the audio frame, and supplies the
video/audio/subtitle to a video/audio/subtitle display 3216.

Mathematical Operators

The mathematical operators used in this application are similar to those used in the C
programming language. However, the results of integer division and arithmetic shift
operations are defined more precisely, and additional operations are defined, such as
exponentiation and real-valued division. Numbering and counting conventions generally
begin from 0, e.g., "the first" is equivalent to the 0-th, "the second" is equivalent to the 1-th,

etc.

Arithmetic operators
The following arithmetic operators are defined as follows:
+ Addition
- Subtraction (as a two-argument operator) or negation (as a unary prefix operator)

* Multiplication, including matrix multiplication
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