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Abrégé:

L'invention concerne un procédé de décodage vidéo mis en ceuvre dans un décodeur vidéo. Un
élément de syntaxe peut étre requ a partir d'un flux binaire d'une vidéo codée qui indique si une
séquence d'images sont monochromes ou comprennent trois composantes de couleur qui sont codées
séparément. En inférant une valeur d'un élément de syntaxe, un outil de codage peut étre désactivé
lorsque I'élément de syntaxe indique que la séquence d'images sont monochromes ou comprennent
trois composantes de couleur qui sont codées séparément. L'outil de codage utilise de multiples
composantes de couleur d'une image comme entrée ou dépend d'une composante de chrominance
d'une image. Des exemples des outils de codage désactivés peuvent comprendre un codage conjoint
de résidus de chrominance, une transformée de couleur active (ACT), ou une modulation de code
d'impulsion delta a base de bloc (BDPCM) pour une composante de chrominance.

Abstract:

A method of video decoding performed in a video decoder is disclosed. A syntax element can be
received from a bitstream of a coded video that indicates whether a sequence of pictures are
monochrome or include three color components that are coded separately. By inferring a value of a
syntax element, a coding tool can be disabled when the syntax element indicates that the sequence of
pictures are monochrome or include three color components that are coded separately. The coding
tool uses multiple color components of a picture as input or depends on a chroma component of a
picture. Examples of the disabled coding tools can include joint coding of chroma residuals, active
color transform (ACT), or block-based delta pulse code modulation (BDPCM) for chroma
component.
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SIGNALING OF CODING TOOLS FOR ENCODING A VIDEO COMPONENT AS
MONOCHROME VIDEO

INCORPORATION BY REFERENCE

[0061}]  This present disclosure claims the benefit of priority to U.S. Patent Application
No. 17/072,980, “Signaling of Coding Tools for Encoding a Video Component as Monochrome
Video™” fited on October 16, 2020, which claims the benefit of priority to U.S. Provisional
Application No. 62/924 674, “Signaling of Video Coding Tools for the Encoding of a Video
Component as Monochrome Video™ filed on October 22, 2019, The disclosures of the prior

applications are hereby incorporated by reference in their entirety.

JTECHNICAL FIELD

[0662}  The present disclosure descnbes embodiments generally related to video coding.

BACKGROUND

[00863]  The background description provided herein is for the purpose of generally

presenting the context of the disclosure. Work of the presently named inventors, to the extent the
work is described in this background section, as well as aspects of the description that may not
otherwise qualify as prior art at the time of filing, are neither expressty nor impliedly admitied as
prior art against the present disclosure.

[0664]  Video coding and decoding can be performed using inter-piciure prediction with
motion compensation. Uncompressed digital video can include a series of pictures, each picture
having a spatial dimension of, for example, 1920 x 1080 luminance samples and associated
chrominance samples. The series of pictures can have a fixed or variable piciure rate {informally
also known as frame rate}, of, for example 60 pictures per second or 60 Hz. Uncompressed
video has significant bitrate requirements. For example, 1080p60 4:2:0 video at & bit per sample
(1920x 1080 luminance sample resolution at 60 Hz frame rate) requires close to 1.5 Gbit/s
bandwidth. An hour of such video requires more than 600 GBytes of storage space.

[0085]  One purpose of video coding and decoding can be the reduciion of redundancy in
the input video signal, through compression. Compression can help reduce the aforementioned

bandwidth or storage space requirements, in some cases by two orders of magnitude or more,
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Both lossless and lossy compression, as well as a combination thereof can be emploved.
Lossless compression refers to techniques where an exact copy of the original signal can be
reconstructed from the compressed original signal. When using lossy compression, the
reconsiructed signal may not be identical to the original signal, but the distortion between
original and reconstructed signals is small enough to make the reconstructed signal useful for the
intended application. In the case of video, lossy compression is widely employed. The amount
of distortion tolerated depends on the application; for example, users of certain consumer
streaming applications may tolerate higher distortion than users of television distnbution
apphications. The compression ratio achievable can reflect that. higher allowable/tolerable
distortion can yield higher compression ratios.

[0006] A video enceder and decoder can uttlize technigues from several broad categories,
including, for example, motion compensation, transform, quantization, and entropy coding.

[0607]  Video codec technologies can include techniques known as intra coding. In intra
coding, sample values are represented without reference to samples or other data from previously
reconstrucied reference pictures. In some video codecs, the picture is spatially subdivided inio
blocks of samples. When all blocks of samples are coded in intra mode, that picture can be an
intra picture, Intra pictures and their derivations such as independent decoder refresh pictures,
can be used 1o reset the decoder state and can, therefore, be used as the first picture in a coded
video bitstream and a video session, or as a still image. The samples of an intra block can be
exposed to a transform, and the transform coefficients can be quantized before entropy coding,
Intra prediction can be a technique that minimizes sample values in the pre-transform domain. In
some cases, the smaller the DC value after a transform is, and the smaller the AC coefficienis
are, the fewer the bits that are required at a given quantization step size o represent the block
after entropy coding.

[0608]  Traditional intra coding such as known from, for exampie MPEG-2 generation
coding technologies, does not use intra prediction bestdes DC prediction. However, some newer
video compression technologies include techniques that attempt, from, for example, surrounding
sample data and/or metadata obtained during the encoding/decoding of spatially neighboring,
and preceding in decoding order, blocks of data. Such techniques are henceforth called “intra
prediction” techniques. Note that in at least some cases, inira prediction is only using reference

data from the current picture under reconstruction and not from reference pictures.
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[0809]  There can be many different forms of intra prediction. When more than one of
such techniques can be used in a given video coding technology, the technique in use can be
coded in an indra prediction mode. In certain cases, modes can have submodes and/or
parameters, and those can be coded individually or included in the mode codeword. Which
codeword to use for a given mode/submode/parameter combination can have an impact in the
coding efficiency gain through intra prediction, and so can the entropy coding technology used to
translate the codewords into a bitstream.

[0610] A certain mode of intra prediction was introduced with H.264, refined in H.265,
and further refined in newer coding technologies such as joint exploration model (JEM), versatile
video coding {VVC), and benchmark set {BMS). A predictor block can be formed using
neighboring sample values belonging to already available samples. Sample values of
netghboring samples are copied into the predictor block according to a direction. A reference to
the direction in use can be coded in the bitstream or may itself be predicted.

[0611] Referning to FIG. 1A, depicied in the lower right is a subset of nine predictor
directions known from H.265’s 33 possible predictor directions (corresponding to the 33 angular
modes of the 35 intra modes). The point where the arrows converge (101} represents the sample
being predicted. The amrows represent the direction from which the sample is being predicted.
For example, arrow (102) indicates that sample (101) is predicted from a sample or samples to
the upper right, at a 45 degree angle from the horizontal. Similarly, arrow (103) indicates that
sample (101)1s predicted from a sample or samples to the lower left of sample {101), na 22.5
degree angle from the horizontal.

[0612]  Sull referring to FIG. 1A, on the top left there is depicted a square block (104) of
4 x 4 samples (indicated by a dashed, boldface line). The square block (104) includes 16
samples, each labelled with an “S”, its position in the Y dimension {e.g, row index} and its
position in the X dimension {e.g., column index}. For example, sample S21 is the second sample
in the Y dimension (from the top) and the first {from the left) sample in the X dimension.
Similarly, sample 844 is the fourth sample in block {104) in both the Y and X dimensions. As
the block 1s 4 x 4 samples in size, S44 is at the bottom right. Fuorther shown are reference
samples that follow a similar numbering scheme. A reference sample is labelled withan R, its Y

position {e.g., row index} and X position {column index) relative to block (104}, In both H 264
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and H 2635, prediction samples neighbor the block under reconstruction; therefore no negative
values need to be used.

[0613]  Intra picture prediction can work by copying reference sample values from the
neighboring samples as appropriated by the signaled prediction direction. For example, assume
the coded video bitstream includes signaling that, for this block, indicates a prediction direction
consistent with arrow (102)--that is, samples are predicted from a prediction sample or samples
to the upper right, at a 45 degree angle from the horizontal. In that case, samples S41, 8§32, 5§23,
and S14 are predicted from the same reterence sample R0S. Sample 544 is then predicted from
reference sample RO8.

[0614]  In certain cases, the values of multiple reference samples may be combined, for
example through interpolation, in order to calculate a reference sample; especially when the
directions are not evenly divisible by 45 degrees.

[0615]  The number of possible directions has increased as video coding technology has
developed. In H.264 {year 2003}, nine different direction could be represented. That increased
10 33 in H.265 (year 2013), and JEM/VVC/BMS, ai the time of disclosure, can support up to 65
directions. Experiments have been conducted to identify the most likely directions, and certain
techniques in the entropy coding are used to represent those likely directions in a small number
of bits, accepting a certain penalty for less likely directions. Further, the directions themselves
can sometimes be predicted from neighboring directions used in neighboring, already decoded,
blocks.

[0016]  The intra prediction modes used in HEVC are illustrated in FIG. 1B, In HEVC,
there are total 35 intra prediction modes, among which mode 10 is horizontal mode, mode 26 is
vertical mode, and mode 2, mode 18 and mode 34 are diagonal modes. The intra prediction
modes are signalled by three most probable modes (MPMs) and 32 remaining modes.

[0617]  FIG. 1C tllustrates the intra prediction modes used in VVC. In VVC, there are
total 95 intra prediction modes as shown in FIG. 1C, where mode 18 is the horizontal mode,
maode 50 is the vertical mode, and mode 2, mode 34 and mode 66 are diagonat modes. Modes -1
~ -14 and Modes 67 ~ 80 are called Wide-Angle Intra Prediction (WATP) modes.

[0618]  The mappiag of intra prediction directions bits in the coded video bitstream that
represent the direction can be different from video coding technology to video coding

technology; and can range, for example, from simple direct mappings of prediction direction to
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intra predictton mode, to codewords, to complex adaptive schemes involving MPMs, and similar
techniques. in all cases, however, there can be certain directions that are statistically less likely
to occur in video content than certain other directions. As the goal of video compression is the
reduction of redundancy, those tess likely directions will, in a well working video coding
technology, be represented by a larger number of bits than more likely directions.

[0619]  Video coding and decoding can be performed using inter-picture prediction with
motion compensation. Uncompressed digital video can include a series of pictures, each picture
having a spatial dimension of, for example, 1920 x 1080 luminance samples and associated
chrominance samples. The sertes of pictures can have a fixed or vanable picture rate (informally
also known as frame rate} of, for example 60 pictures per second or 60 Hz. Uncompressed video
has significant bitraie requirements. For example, 1080p60 4.2:0 video at 8 bit per sample
(1920x 1080 luminance sample resolution at 60 Hz frame rate} requires close to |.5 Gbit/s
bandwidth. An hour of such video requires more than 600 GBytes of storage space.

[0620]  Motion compensation can be a lossy compression technigue and can relate to
techniques where a block of sample data from a previously reconstrucied picture or part thereof
{reference picture), after being spatially shifted in a direction indicated by a motion vector (MV
henceforth), is used for the prediction of a newly reconstructed picture or picture part. In some
cases, the reference picture can be the same as the picture currently under reconstruction. MVs
can have two dimensions X and Y, or three dimensions, the third being an indication of the
reference picture 1n use (the fatter, indirectly, can be a ime dimension).

[0021] Insome video compression techniques, an MV applicable to a certain area of
sample data can be predicted from other MVs, for example from those related to another area of
sample data spatially adjacent to the area under reconstruction, and preceding that MV in
decoding order. Doing so can substantially reduce the amount of data required for coding the
MYV, thereby removing redundancy and increasing compression. MV prediction can work
effectively, for example, because when coding an input video signal derived from a camera
{known as natural video) there is a statistical likelihood that areas larger than the area to which a
single MV is apphicable move 1 a similar direction and, therefore, can in some cases be
predicted using a similar motion vector derived from MVs of neighboring area. That resuits in
the MV found for a given area to be similar or the same as the MV predicted from the

surrcunding MVs, and that in turn can be represented, after entropy coding, in a smaller number
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of bits than what would be used if coding the MV directly. In some cases, MV prediction can be
an example of lossless compression of a signal {(namely: the MVs) derived from the original
signal {namely: the sample stream). In other cases, MV prediction itself can be lossy, for
example because of rounding errors when calculating a predictor from several surrounding M'Vs.

[0622]  Various MV prediction mechanisms are described in H265/HEVC (ITU-T Rec.
H.265, "High Efficiency Video Coding", December 2016). Out of the many MV prediction
mechanisms that H 265 offers, described here is a technique henceforth referred to as "spatial
merge".

[0023]  Referring to FIG. 1D, a current block {110) comprises samples that have been
found by the encoder during the motion search process to be predictable from a previous block of
the same size that has been spatially shified. Instead of coding that MV directly, the MV can be
derived from metadata associated with one or more reference pictures, for example from the
most recent {in decoding order) reference picture, using the MV associated with either one of
five surrounding samples, denoted AQ, Al. and B0, B1, B2 (102 through 106, respectively). In
H.265, the MV prediciion can use prediciors from the same reference picture that the
neighboring block is using. The order of forming a candidate list mav be A0 - B0 2 Bl =& Al
= B2

SUMMARY

[0624]  Aspects of the disclosure provide a method of video decoding performed in a
video decoder. A syntax element can be received from a bitstream of a coded video that
indicates whether a sequence of pictures are monochrome or include three color components that
are coded separately. By inferring a value of a syntax element, a coding tool can be disabled
when the syntax element indicates that the sequence of pictures are monochrome or include three
color components that are coded separately. The coding tool uses multiple color components of
a picture as input or depends on a chroma component of a picture.

[0625]  inan embodiment, the disabled coding tool is one of a coding tool of joint coding
of chroma residuals, active color transform (ACT), or block-based delta pulse code modulation
{(BDPCM} for chroma component.

[0626] Inan embodiment, the value of the syntax element indicating whether joint

coding of chroma restduals is enabled is inferred to be eqgual to zero. In an embodiment, the
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value of the syntax element indicating whether ACT is enabled can be inferred to be equal to
zero. In an embodiment, the value of the syntax element indicating whether BDPCM for chroma
component 1s enabled can be inferred o be equal to zero.

[0027]  Inan embodiment, a value of a variable is determined to be zero when the syntax
element indicates that the sequence of pictures are monochrome or include three color
components that are coded separately. The variable indicates a chroma array type of the
sequence of pictures. In response to determining the value of the variable to be zero, the value of
one of the following syntax elements can inferred to be equal to zero: a syntax element indicating
whether joint coding of chroma residuals 1s enabled, a syntax element indicating whether ACT 1s
enabled, or a syntax element indicating whether BDPCM for chroma component is enabled.

[0628] Insome embodiments, in response to determining the sequence of pictures are not
monochrome and include three color components that are not coded separately, a syntax element
indicating whether joint coding of chroma residuals 1s enabled can be received; a syntax element
indicating whether ACT is enabled can be received; or a syntax element indicating whether
BDPCM for chroma component is enabled can be received.

[0029]  Inan embodiment, in response to determining the sequence of pictures are not
monochrome and inclode three color components that are not coded separately, a value of a
variable indicating a chroma array type of the sequence of pictures can be determined. One of
the following syntax elements can be received when the value of the variable is determined to be
non-zero: a syntax element indicating whether joint coding of chroma residuals is enabled, a
syntax element indicating whether ACT is enabled, or a syntax element indicating whether
BDPCM for chroma component is enabled.

[0630]  Inan embodiment, a value of a variable indicating a chroma array type of the
sequence of pictures can be determined when it is determined that the sequence of pictures are
not monochrome and include three color components that are not coded separately. A syntax
eiement indicating whether BDPCM for chroma component is enabled can be received when the
value of the vaniable 1s determined to be non-zero, and when a {ossless mode is enabled for the
sequence of pictures.

[0631]  Aspects of the disclosure provide an apparatus of video decoding comprising
circuitry. The circuitry can be configured to receive a syntax element from a bitstream of a

coded video. The syntax element indicates whether a sequence of pictures are monochrome or
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inciude three color components that are coded separately. The circuitry can be further
configured to infer a value of a syntax element to disable a coding tool that uses multiple color
components of a picture as input or depends on a chroma component of a picture when the
syniax element indicaies that the sequence of pictures are monochrome or include three color
components that are coded separately.

[0032]  Aspects of the disclosure provide a non-transitory computer-readable medium
storing instructions that, when executed by a processor, cause the processor to perform the

method of video decoding.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033]  Further features, the nature, and various advantages of the disclosed subject
matter will be more apparent from the following detailed description and the accompanying
drawings in which;

[0634] FIG. 1A is a schematic tllustration of an exemplary subset of intra prediction
maodes;

[0635] FIG. 1B is an illusration of exemplary intra prediction directions.

[0636] FIG. 1Cis an illustration of exemplary intra prediction directions.

[0637]  FIG. 1D s a schematic illustration of a current block and its surrcunding spatial
merge candidates in one example.

[0638]  FIG. 2 is a schematic illustration of a simplified block diagram of a
communication system in accordance with an embodiment.

[0639]  FIG. 3 is a schematic illustration of a simplified block diagram of a
communication system in accordance with an embodiment.

[0040]  FIG. 4 is a schematic illustration of a simplified block diagram of a decoder in
accordance with an embodiment.

[oe41]  FIG. 5 is a schematic illustration of a simplified block diagram of an encoder in
accordance with an embodiment.

[0642]  FIG. 6 shows a block diagram of an encoder in accordance with another
embodiment.

[0843]  FIG. 7 shows a block diagram of a decoder in accordance with another

embodiment.
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[0844]  FIG. 8is an illustration of an embodiment of a process performed by a decoder.

[0645]  FIG. 9is an illustration of an embodiment of another process performed by a
decoder.

[oed4s6]  FIG. 101s a schematic itlustration of a computer system in accordance with an

embodiment of the present disclosure.

DETALED DESCRIPTION OF EMBODIMENTS

[0647] 1. Video Encoder and Decoder Systems

[0048]  FIG. 2 tllustrates a simplified block diagram of a communication system {200}
according to an embodiment of the present disclosure. The communication system {200}
includes a plurality of terminal devices that can communicate with each other, via, for example, a
network {250). For example, the communication system (200) includes a first pair of terminal
devices (210) and (220) interconnected via the network {250}, In the FIG. 2 example, the first
pair of terminal devices (210) and {220) performs unidirectional wansmission of data. For
example, the terminal device (210) may code video data (e.g., a stream of video pictures that are
captured by the terminal device (210)) for wransmission to the other terminal device (220) via the
network (250). The encoded video data can be transmitted in the form of one or more coded
video bitstreams. The terminal device (220) may receive the coded video data from the network
{250), decode the coded video data to recover the video pictures and display video pictures
according to the recovered video data. Unidirectional data transmission may be common n
media serving applications and the hike,

[0649]  In another example, the communication system {200) includes a second pair of
terminal devices (230) and (240) that performs bidirectional transmission of coded video data
that may occur, for example. during videoconferencing. For bidirectional transmission of data,
in an example, each terminal device of the terminal devices (230) and (240) may code video data
fe.g., & stream of video pictures that are captured by the terminal device) for transmission to the
other terminal device of the terminal devices (230) and {240) via the network (250). Each
terminal device of the terminal devices (230) and {240} also may receive the coded video data
transmitted by the other terminal device of the terminal devices {230} and (240), and may decode
the coded video data to recover the video pictures and may display video pictures at an

accessible display device according to the recovered video data.
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[0050] in the FIG. 2 example, the terminal devices {210), (229}, {230} and {240} may be
itfustrated as servers, personal computers and smart phones but the principies of the present
disclosure may be not so hmited. Embodiments of the present disclosure find application with
laptop computers, tablet computers, media players and/or dedicated video conferencing
equipment. The network (250) represents any number of networks that convey coded video data
among the terminal devices (210), (220}, (230) and {240), including for example wireline {wired)
and/or wireless communication networks. The communication network {250) may exchange
data in circuit-switched and/or packet-switched channels. Representative networks include
telecommunications networks, local area networks, wide area networks and/or the Internet. For
the purposes of the present discussion, the architecture and topology of the network (250) may be
imomaterial to the operation of the present disclosure unless explained herein below.

[0651]  FIG. 3 illustrates, as an example for an application for the disclosed subject
matter, the placement of a video encoder and a video decoder in a streaming environment. The
disclosed subject matter can be equaily applicable to other video enabled applications, including,
for example, video conferencing, digital TV, storing of compressed video on digital media
incheding CD, DVD, memory stick and the like, and so on.

[0052] A streaming system may include a capture subsystem {313), that can include a
video source (301), for example a digital camera, creating for example a stream of video pictures
{302) that are uncompressed. In an example, the stream of video pictures (302} includes samples
that are taken by the digital camera. The stream of video pictures (302}, depicted as a bold line
to emphasize a high data volume when compared t0 encoded video data (304) (or coded video
bitstreams), can be processed by an electronic device (320) that includes a video encoder (303)
coupled to the video source (301). The video encoder (303) can include hardware, sofiware, or a
combination thereof to enable or implement aspects of the disclosed subject matter as described
in more detail below. The encoded videc data {(304) (or encoded video bitsiream (304)},
depicted as a thin line to emphasize the lower data volume when compared to the stream of video
pictures {302), can be stored on a streaming server (305) for future use. One or more streaming
chient subsystems, such as client subsystems {306) and (308) in FIG. 3 can access the streaming
server (305) to retrieve copies (307) and (309) of the encoeded video data (304). A clieat
subsystem (306) can include a video decoder (310}, for example, in an electronic device {330).

The video decoder (310} decodes the incoming copy (307) of the encoded video data and creates
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an outgoing stream of video pictures (311) that can be rendered on a display (312) (e.g, display
screen) or other rendering device (not depicted). In some streaming systems, the encoded video
data (304}, (307}, and (309} {e.g., video bitstreams) can be encoded according to certain video
coding/compression standards. Examples of those standards include [TU-T Recommendation
H.265. In an example, a video coding standard under development is informally known as
Versatile Video Coding (VVC). The disclosed subject matter may be used in the context of
VVC.

[0653]  itis noted that the electronic devices (320} and (330) can include other
components (not shown). For example, the electronic device (320) can include a video decoder
{not shown) and the electronic device (330) can include a video encoder (not shown) as well.

[0054]  FIG. 4 shows a block diagram of a video decoder (410) according to an
embodiment of the present disclosure. The video decoder {410} can be included in an electronic
device {430). The electronic device {430} can include a receiver (431) {e g.. receiving circuitry).
The video decoder (410} can be used in the place of the video decoder {310} in the FIG. 3
example.

[0055]  The receiver (431) may receive one or more coded video sequences to be decoded
by the video decoder (4190); in the same or another embodiment, one coded video sequence at a
time, where the decoding of each coded video sequence is independent from other coded video
sequences. The coded video sequence may be received from a channel (401), which may bea
hardware/sottware link to a storage device which stores the encoded video data. The receiver
{431) may receive the encoded video data with other data, for example, coded audio data and/or
ancillary data streams, that may be forwarded to their respective using entities (not depicted).
The receiver {43 1) may separate the coded video sequence from the other data. To combat
network jitter, a buffer memory (413) may be coupled in between the receiver {(431) and an
entropy decoder / parser (420} ("parser {420)" henceforth). In certain applications, the buffer
memory {415) is part of the video decoder (410). In others, it can be outside of the video
decoder {410) {not depicted). In still others, there can be a buffer memory {not depicted) outside
of the video decoder (410), for example to combat network jiter, and in addition another buffer
memory (415) inside the video decoder {410), for example to handle playout timing. When the
receiver {431} is receiving data from a store/forward device of sufficient bandwidth and

controllability, or from an isosynchronous network, the buffer memory {415) may not be needed,
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or can be small. For use on best effort packet networks such as the Internet, the buffer memory
{415) may be required, can be comparatively large and can be advantageously of adaptive size,
and may at least partially be implemented in an operating svstem or similar elements {not
depicied) outside of the video decoder (410).

[0656]  The video decoder {410) may include the parser {420} to reconstruct symbols
{421} from the coded video sequence. Categories of those symbols include information used to
manage operation of the video decoder (410), and potentially information to control a rendering
device such as a render device (412) {e.g., a display screen) that is not an mtegral part of the
electronic device (430} but can be coupled to the electronic device (430), as was shown in FIG.
4. The control information for the rendering device{s) may be in the form of Supplemental
Enhancement Information (SEI messages) or Video Usability Information (VUI)} parameter set
fragments {not depicted). The parser (420) may parse / entropy-decode the coded video
sequence that is received. The coding of the coded video sequence can be tn accordance with a
video coding technology or standard, and can follow various principies, including variable length
coding, Huffman coding, arithmetic coding with or without context sensitivity, and so forth, The
parser (420) may extract from the coded video sequence, a set of subgroup parameters for at least
one of the subgroups of pixels in the video decoder, based upon at least one parameter
corresponding to the group. Subgroups can include Groups of Pictures (GOPs), pictures, tiles,
slices, macroblocks, Coding Units (CUs), blocks, Transtorm Units {TUSs), Prediction Units (PUs)
and so forth. The parser (420) may also extract from the coded video sequence information such
as transform coefficients, quantizer paramneter values, motion vectors, and so forth.

[0657]  The parser {420) may perform an eatropy decoding / parsing operation on the
video sequence received from the buffer memory (415), so as to create symbols (421},

[0058]  Reconstruction of the symbols (421) can involve multiple different units
depending on the type of the coded video picture or parts thereof {such as: inter and intra picture,
inter and intra block). and other factors, Which uniis are involved, and how, can be controlled
by the subgroup control information that was parsed from the coded video sequence by the
parser (420), The flow of such subgroup control information between the parser (420} and the
multipte units below is not depicted for clarity.

[0659]  Beyond the functional blocks already mentioned, the video decoder (410) can be

conceptually subdivided into a number of functional units as described below. 1n a practical
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implementation operating under commercial constraints, many of these units interact closely
with each other and can, at least partly, be integrated into each other. However, for the purpose
of describing the disclosed subject matter, the conceptual subdivision mto the functional umts
below is appropriate.

[0660] A first unit is the scaler / inverse transform unit {451}, The scaler / inverse
transform unit (451} receives a quantized transtorm coefficient as well as control information,
including which transform to use, block size, quantization factor, quantization scaling matrices,
etc. as symbol{s} (421) from the parser (420). The scaler / inverse transform unit (451) can
output blocks including sample values that can be input imto aggregator {(455).

[0661]  Insome cases, the output samples of the scaler / inverse transform {451) can
pertain to an intra coded block; that is: a block that is not using predictive information from
previously reconstructed pictures, but can use predictive information from previously
reconstructed parts of the current picture. Such predictive information can be provided by an
intra picture prediction unit {(452). In some cases, the intra picture prediction unit {452)
generates a block of the same size and shape of the block under reconstruction, gsing
surrounding already reconstructed information fetched from the current picture buffer (458).
The current picture buffer (458) buffers, for example, partly reconstructed current picture and/or
fully reconstructed current picture. The aggregator {455), in some cases, adds, on a per sample
basts, the prediction information the intra prediction unit (452) has generated to the output
sample information as provided by the scaler/inverse transform unit {451).

[0062]  In other cases, the output samples of the scaler / inverse transform unit (451} can
pettain to an inter coded, and potentially motion compensated block. In such a case, a motion
compensation predicion unit {453) can access reference picture memory {457) to feich samples
used for prediction. After motion compensating the fetched samples in accordance with the
symbols (421) pertaining to the block, these samples can be added by the aggregator (455) to the
output of the scaler / inverse transform unit (431) (in this case called the residual samples or
residual signal) so as to generate output sample information. The addresses within the reference
picture memory (457) from where the motion compensation prediction unit (453) fetches
prediction samples can be controlled by motion vectors, available to the motion conmipensation
prediction ynit (453} in the form of symbols (421) that can have, for example X, Y, and reference

picture components. Motion compensation also can include interpolation of sample values as
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fetched from the reference picture memory {457) when sub-sample exact motion vectors are in
use, moton vector prediction mechanisms, and so forth.

[0663]  The output samples of the aggregator (455) can be subject to various loop filtering
techniques in the toop filter unit (456}. Video compression technologies can include in-loop
filter technotogies that are controlled by parameters included in the coded video sequence (also
referred to as coded video bitstream) and made available to the loop filter unit (456) as symbols
{421} from the parser {420), but can also be responsive to meta-information obtained during the
decoding of previous {in decoding order) parts of the coded picture or coded video sequence, as
well as responsive to previously reconstructed and loop-filtered sample values.

[0664]  The output of the loop filter unit {456} can be a sample stream that can be cutput
to the render device (412} as well as stored in the reference picture memory (457) foruse in
future inter-picture prediction.

[0665]  Certain coded pictures, once fully reconstructed, can be used as reference pictures
for future prediction. For example, once a coded picture corresponding to a current picture is
flly reconstructed and the coded picture has been identified as a reference picture (by, for
example, the parser (420)), the current picture buffer (458) can become a part of the reference
picture memory (457), and a tresh current picture buffer can be reallocated before commencing
the reconstruction of the following coded picture.

[0666]  The video decoder (410} may perform decoding operations according to a
predetermined video compression technology in a standard, such as ITU-T Rec. H.265. The
coded video sequence may conform to a syntax specified by the video compression technology
or standard being used, in the sense that the coded video sequence adheres to both the syntax of
the video compression technology or standard and the profiles as documented in the video
compression technology or standard. Specifically, a profile can select certain tools as the only
tools available for use under that profile from all the tools available in the video compression
technology or standard. Also necessary for compliance can be that the complexity of the coded
video sequence is within bounds as defined by the level of the video compression technology or
standard. In some cases, levels restrict the maximum picture size, maximuom frame rate,
maximum reconstruction sample rate (measured in, for example megasamiples per second),

maximum reference picture size, and so on. Limits set by levels can, in some cases, be further
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restricted through Hypothetical Reference Decoder (HRD} specifications and metadata for HRD
buffer management signaled in the coded video sequence.

[0867]  Inan embodiment, the receiver (431} may receive additional (redundant)} data
with the encoded video. The additional data may be included as part of the coded video
sequence(s). The additional data may be used by the video decoder (410} to properly decode the
data and/or to more accurately reconstruct the original video data. Additional data can be in the
form of, for example, temporal, spatial, or signal notse ratio {SNR) enhancement lavers,
redundant shices, redundant pictures, forward error correction codes, and so on,

[0068]  FIG. 5 shows a block diagram of a video encoder (503) according to an
embodiment of the present disclosure. The video encoder (503) is included in an electronic
device (520). The electronic device (520) includes a transmifter (540) {e.g., transmitiing
circuitry). The video encoder (503) can be used in the place of the video encoder (303} in the
FiG. 3 example.

[0669]  The video encoder {503} may receive video samples from a video source {(501)
{that is not part of the electronic device (520) in the FIG. 5 example) that may capiure video
tmage(s) to be coded by the video encoder (503). In another example, the video source (501)isa
part of the electronic device (524).

[0670]  The video source (501) may provide the source video sequence to be coded by the
video encoder (503) in the form of a digital video sample stream that can be of any suitable bit
depth (for example: 8 bit, 10 at, 12 but, .. ), any colorspace (for example, BT 601 Y CrCB,
RGB, ...}, and any suitable sampling structure (for example Y CrCb 4.2:0, Y CrCb 4:4:4). Ina
media serving system, the video source (501) may be a storage device storing previously
prepared video. In a videoconferencing system, the video source (301) may be a camera that
captures local image information as a video sequence. Video data may be provided as a plurality
of individual pictures that impart motion when viewed in sequence. The pictures themselves
may be orgamized as a spatial array of pixels, wherein each pixel can comprnise one or more
samples depending on the sampling structure, color space, etc. in use. A person skilled in the art
can readily understand the relationship between pixels and samples. The description below
focuses on samples.

[0671]  According to an embodiment, the video encoder (503) may code and compress

the pictures of the source video sequence into a coded video sequence (543) in real time or under
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anv other tme constraints as required by the application. Enforcing appropriate coding speed 15
one function of a controlier {550). In some embodiments, the controller (550) controls other
functional units as described below and s functionally coupled to the other functional units. The
coupling is not depicted for clarity. Parameters set by the controller (550} can include rate
control related parameters (picture skip, quantizer, lambda value of rate-distortion optimization
techniques, ...}, picture size, group of pictures {GOP) layout, maximum motion vector search
range, and so forth. The controller (550} can be configured to have other suttable functions that
pertain to the video encoder (503) optimized for a certain system design.

[0672]  Insome embodiments, the video encoder (503) is configured to operate in a
coding loop. As an oversimplified description, in an example, the coding loop can include a
source coder (534) (e.g., responsible for creating symbols, such as a symbol stream, based on an
input picture to be coded, and a reference picture(s)}, and a (local) decoder {(333) embedded in
the video encoder (503). The decoder (533) reconstructs the symbols to create the sample data in
a simiiar manner as a (remote) decoder also would create {(as any compression between symbols
and coded video bitstream is lossless in the video compression technologies considered in the
disclosed subject matter). The reconstructed sample stream (sample data) is input 1o the
reference picture memory (534). As the decoding of a symbol stream leads to bit-exact results
independent of decoder location (local or remote), the content in the reference picture memory
{534) is also bit exaci between the local encoder and remote encoder. In other words, the
prediction part of an encoder "sees” as reference picture samples exactly the same sample values
as a decoder would "see” when using prediction during decoding. This fundamental principle of
reference picture synchronicity {and resulting dnft, if synchronicity cannot be maintained, for
example because of channel errors) is used in some related arts as well.

[0073]  The operation of the "local” decoder {533} can be the same as of a "remote”
decoder, such as the video decoder (410), which has already been described in detail above in
conpunction with FIG. 4. Briefly referring also to FIG. 4, however, as symbols are available and
encoding/decoding of symbols to a coded video sequence by an entropy coder (345) and the
parser (420) can be lossless, the entropy decoding parts of the video decoder (410}, including the
buffer memory (415), and parser (420) may not be fully implemented in the local decoder (533).

[0874]  An observation that can be made at this point is that any decoder technology

except the parsing/entropy decoding that is present in a decoder also necessasily needs to be
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present, in substantiaily identical functional form, in a corresponding encoder. For this reason,
the disciosed subject matter focuses on decoder operation. The description of encoder
technologies can be abbreviated as they are the inverse of the comprehensively described
decoder technologies. Only in certain areas a more detail description is required and provided
below.

[0675]  During operation, in some examples, the source coder (530) may perform motion
compensated predictive coding, which codes an input picture predictively with reference to one
or more previously-coded picture from the video sequence that were designated as "reference
pictures”. In this manner, the coding engine (532) codes differences between pixel blocks of an
input picture and pixel blocks of reference picture(s) that may be selected as prediction
reference(s) to the input picture.

[0676]  The local video decoder (533) may decode coded video data of pictures that may
be designated as reference pictures, based on symbols created by the source coder (530}
Operations of the coding engine (332) may advantageously be lossy processes. When the coded
video data may be decoded at a video decoder (not shown in FIG. 5 ), the reconstrucied video
sequence typically may be a replica of the source video sequence with some errors. The local
video decoder (533) replicates decoding processes that may be performed by the video decoder
on reference pictures and may cause reconstructed reference pictures to be stored in the reference
picture cache (534} In this manner, the video encoder (503) may store copies of reconstructed
reference pictures locally that have common content as the reconstructed reference pictures that
will be obtained by a far-end video decoder (absent transmission errors).

[0677]  The predictor (535) may perform prediction searches for the coding engine (532},
That is, for a new picture to be coded, the predictor (533} may search the reference picture
memory {534) for sample data (as candidate reference pixel blocks} or certain metadata such as
reference picture motion vectors, block shapes, and so on, that may serve as an appropriate
prediction reference for the new pictures. The predictor (535) may operate on a sample block-
by-pixel block basis to find appropriate prediction references. In some cases, as determined by
search results obtained by the predictor (535), an input picture may have prediction references

drawn from multiple reference pictures stored in the reference picture memory (534).
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[0678]  The controller (550 may manage coding operations of the source coder {530},
including, for example, setting of parameters and subgroup parameters used for encoding the
video data.

[0679]  Output of all aforementioned functional units may be subjected to entropy coding
in the entropy coder (545). The entropy coder (545) translates the symbols as generated by the
various functional units into a coded video sequence, by lossless compressing the symbols
according to technologies such as Huffman coding, variable length coding, arithmetic coding,
and so forth.

[0680]  The transmitter {540) may buffer the coded video sequence(s) as created by the
entropy coder {545) to prepare for fransmission via a communication channel {560}, which may
be a hardware/software link to a storage device which would store the encoded video data. The
transmitter (540} may merge coded video data from the video coder {503} with other data to be
transmitied, for example, coded audio data and/or ancillary data streams (sources not shown).

[0681] The controller {550} may manage operation of the video encoder {503). During
coding, the controller (550} may assign to each coded picture a certain coded picture type, which
may affect the coding techniques that may be applied to the respective picture. For example,
pictures often may be assigned as one of the following picture types:

[0082]  An Intra Picture (I picture) mav be one that may be coded and decoded without
usinig any other picture in the sequence as a source of prediction. Some video codecs allow for
different types of 1ntra pictures, including, for example Independent Decoder Refresh (“IDR™)
Pictures. A person skilled in the art is aware of those variants of I pictures and their respective
applications and features.

[0083] A predictive picture {P picture)} may be one that may be coded and decoded using
intra prediction or inter prediction using at most one motion vector and reference index to predict
the sample values of each block.

[0684] A bi-directionally predictive picture (B Picture) may be one that may be coded
and decoded using intra prediction or inter prediction using at most two motion vectors and
reference indices to predict the sample values of each block. Similarly, multiple-predictive
pictures can use more than two reference pictures and associated metadata for the reconstruction
of a single block.
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[0885]  Source pictures commoniy may be subdivided spatially into a plurality of sample
blocks (for example, blocks of 4x4, 8x8, 4x8, or 16x16 samples each) and coded on a block-by-
block basis. Blocks may be coded predictively with reference to other {(already coded) blocks as
determined by the coding assignment applied to the blocks' respective pictures. For example,
blocks of T pictures may be coded non-predictively or they may be coded predictively with
reference to already coded blocks of the same picture (spatial prediction or intra prediction).
Pixel blocks of P pictures may be coded predictively, via spatial prediction or via temporal
prediction with reference to one previously coded reference picture. Blocks of B pictures may be
coded predictively, via spatial prediction or via temporal prediction with reference to one or twe
previously coded reference pictures.

[00686]  The video encoder (503) mav perform coding operations according io a
predetermined video coding technology or standard, such as ITU-T Rec. H.265. In its operation,
the video encoder (503) may perform vanous compression operations, inciuding predictive
coding operations that exploit temporal and spatial redundancies in the input video sequence.
The coded video data, therefore, may conform to a syniax specified by the video coding
technology or standard being used.

[0687]  Inan embodiment, the transmitter (540) may transmit additional data with the
encoded video. The source coder (530) may include such data as part of the coded video
sequence. Additional data may comprise temporal/spatial/SNR enhancement layers, other forms
of redundant data such as redundant pictures and slices, SEI messages, VUI parameter set
fragments, and so on.

[0688] A video may be captured as a plurality of source pictures (video pictures) in a
temporal sequence. Intra-picwure prediction {often abbreviated to intra prediction) makes use of
spatial correlation in a given picture, and inter-picture prediction makes uses of the {temporal or
other) correlation between the pictures. In an example, a specific picture under
encoding/decoding, which is referred to as a current picture, is partitioned into blocks. When a
block in the current picture is similar to a reference block in a previously coded and still buffered
reference picture in the video, the block in the current picture can be ceded by a vector that is
referred to as a motion vector. The motion vector points to the reference block in the reference
picture, and can have a third dimension identifving the reference picture, in case multiple

reference pictures are in use.
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[0689] insome embodiments, a bi-prediction techaique can be used in the inter-picture
prediction. According to the bi-prediction technique, two reference pictares, such as a first
reference picture and a second reference picture that are both prior in decoding order to the
current picture in the video (but may be in the past and future, respeciively, in display order} are
used. A block in the current picture can be coded by a first motion vector that points to a first
reference block in the first reference picture, and a second motion vector that poinis to a second
reference block in the second reference picture. The block can be predicted by a combination of
the first reference block and the second reference block.

[0690]  Further, 2 merge mode technique can be used in the inter-picture prediction to
improve coding efficiency.

[0091]  According to some embodiments of the disclosure, predictions, such as inter-
picture predictions and intra-picture predictions are performed in the unit of blocks. For
example, according to the HEVC standard. a picture 1n a sequence of video pictures s
partitioned into coding tree units {CTU) for compression, the CTUs in a picture have the same
size, such as 04x04 pixels, 32x32 pixels, or 16x16 pixels. In general, a CTU includes three
coding tree blocks ({CTBs), which are one luma CTB and two chroma CTBs. Each CTU can be
recursively quadtree split into one or multiple coding units (CUs). For example, a CTU of 64x64
pixels can be split into one CU of 64x64 pixels, or 4 CUs of 32x32 pixels, or 16 CUs of 16x16
pixels. In an example, each CU is analyzed to determine a prediction type for the CU, such as an
inter prediction type or an intra prediction type. The CU is spitt into one or more prediction units
{PUs) depending on the temporal and/or spatial predictability. Generally, each PU includes a
luma prediction block {PB), and two chroma PBs. In an embodiment, a prediction operation in
coding (encoding/decoding) is performed in the unit of a prediction block. Using a luma
prediction block as an example of a prediction block. the prediction block includes a matrix of
values {e.g., luma values) for pixels, such as 8x8 pixels, 16x16 pixels, 8x16 pixels, 16x8 pixels,
and the like.

[0092]  FIG. 6 shows a diagram of a video encoder (603) according to another
embodiment of the disclosure. The video encoder (603) is configured to receive a processing
block {e.g., a prediction block) of samiple values within a current video picture in a sequence of

video pictures, and encode the processing block into a coded picture that is part of a coded video
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sequence. In an example, the video encoder (603} is used in the place of the video encoder (303)
in the FIG. 3 example.

[0893] Inan HEVC example, the video encoder {603 ) receives a matrix of sample values
tor a processing block, such as a prediction block of 8x8 samples, and the fike. The video
encoder (603) determines whether the processing block is best coded using intra mode, inter
mode, or bi-prediction mode using, for example, rate-distortion optimization. When the
processing block is to be coded in intra mode, the video encoder (603) may use an intra
prediction technique to encode the processing block into the coded picture; and when the
processing block is to be coded in inter mode or bi-prediction mode, the video encoder (603}
may use an inter prediction or bi-prediction technique, respectively, to encode the processing
block into the coded picture. In certain video coding technologies, merge mode can be an inter
picture prediction submode where the motion vector is derived from one or more motion vector
predictors without the benefit of a coded motion vector component cutside the predictors. In
certain other video coding technologies, a motion vector component appiicable to the subject
block may be present. In an example, the video encoder (603} includes other components, such
as a mode decision module (not shown) to determine the mode of the processing blocks.

[0694] In the FIG. 6 example, the video encoder (603) includes the infer encoder (630},
an intra encoder (622), a residue calculator (623), a switch {626), a residue encoder {624}, a
general controller (621), and an entropy encoder {625) coupled together as shown in FIG. 6.

[0695]  The inter encoder (630) 1s configured to receive the samples of the current block
{e.g., a processing block), compare the block to one or more reference blocks in reference
pictures {e.g., bloeks in previous pictures and later pictures), generate inter prediction
information {e.g_, description of redundant information according to inter encoding technigue,
motion vectors, merge mode information}, and calculate inter prediction results {e.g., predicted
block) based on the inter prediction information using any suitable technique. In some examples,
the reference pictures are decoded reference pictures that are decoded based on the encoded
video mformation.

[0696]  The intra encoder {622} is configured to receive the samples of the current block
{e.g.. a processing block], in sote cases compare the block to blocks already coded in the same
picture, generate quantized coefficients after transform, and in some cases also intra prediction

information (e.g., an intra prediction direction information according to one of more intra
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encoding techniques). In an example, the intra encoder (622} also calculates intra prediciion
results {e.g., predicted block) based on the intra prediction information and reference blocks in
the same picture.

[0097]  The general controller (621} is configured to determine general countrol data and
control other components of the video encoder (603} based on the general control data. In an
example, the general controller {621) determines the mode of the block, and provides a control
signal to the switch {626} based on the meode. For example, when the mode is the intra mode, the
general controller (621) controls the switch (626) to select the intra mode result for use by the
residue calculator (623), and controls the entropy encoder (625) to select the intra prediction
information and include the intra prediction information in the bitstream; and when the mode is
the inter mode, the general controlier (621) controls the switch (626) to select the 1uter prediction
result for use by the residue calcubator {623}, and controls the entropy encoder (625} to sefect the
inter prediction information and include the inter prediction information in the bitstream.

[0698]  The residue calculator {623} is configured to calculate a difference {residue data)
between the received block and prediciion results selected from the intra encoder (622) or the
inter encoder (630). The residue encoder (624) is configured o operate based on the residue data
to encode the residue data to generate the transform coefficients. In an example, the residue
encoder (624) is configured to convert the residue data from a spatial domain to a frequency
domain, and generate the transform coefficients. The transform coefficients are then subject to
quantization processing to obtain quantized transform coefficients. In various embodiments, the
video encoder (603} also includes a residue decoder (628). The residue decoder (628) is
configured to perform inverse-transtorm, and generate the decoded residue data. The decoded
residue data can be suitably used by the intra encoder (622} and the inter encoder (630). For
example, the mter encoder {(630) can generate decoded blocks based on the decoded residue data
and inter prediction information, and the intra encoder (622) can generate decoded blocks based
on the decoded residue data and the intra prediction information. The decoded blocks are
suitably processed o generate decoded pictures and the decoded pictures can be buffered in 2
memory circuit {not shown) and used as reference pictures in some examples.

[0699]  The entropy encoder (625) is configured to format the bitstream to include the
encoded block, The entropy encoder (625) is configured to include vanous information

according to a suitable standard, such as the HEVC standard. In an example, the entropy
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encoder (625} is configured to include the general control data, the selected prediction
information (e g, intra prediction information or inter prediction information}, the residue
information, and other suitable information in the bitstream. Note that, according to the
disclosed subject matter, when coding a block in the merge submode of either inter mode or bi-
prediction mode, there is no residue information.

[0100]  FIG. 7 shows a diagram of a video decoder (710) according to another
embodiment of the disclosure. The video decoder (710) is configured to receive coded pictures
that are part of a coded video sequence, and decode the coded pictures to generate reconstrucied
pictures. in an example, the video decoder (710) 1s used in the place of the video decoder (310}
in the FIG. 3 exampie.

[0101] In the FIG. 7 example, the video decoder (710) includes an eatropy decoder (771),
an inter decoder (780), a residue decoder {773), a reconstruction module {774), and an intra
decoder (772) coupled together as shown in FI1G. 7.

[0102] The entropy decoder (771} can be configured to reconstruct, from the coded
picture, certain symbols that represent the syntax elements of which the coded picture is made
up. Such symbols can include, for example, the mode in which a block 1s coded (such as, for
example, intra mode, inter mode, bi-predicted mode, the latter two in merge submode or another
submode), prediction information (such as, for example, intra prediction information of inter
prediction information) that can identity certain sample or metadata that is used for prediction by
the intra decoder {772) or the inter decoder {780), respectively, residual information in the form
of, for example, quantized transform coefficients, and the like. In an example, when the
prediction mode is inter or bi-predicted mode, the inter prediction information is provided to the
inter decoder {780); and when the prediction type is the intra prediction type, the intra prediction
information is provided to the intra decoder (772). The residual information can be subject to
inverse quantization and 1s provided to the residue decoder (773).

[0103]  The inter decoder (780) 1s configured to receive the inter prediction information,
and generate inter prediction results based on the inter prediction information.

[0104]  The intra decoder {772) is configured to receive the intra prediction information,
and generate prediction results based on the intra prediction information.

[0105]  The residue decoder (773) is configured to perform inverse quantization to exiract

de-guantized transform coefficients, and process the de-quantized transform coefficients to
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convert the residual from the frequency domain to the spatial domain. The residue decoder (773)
may aiso require certain control information {to include the Quantizer Parameter {QP)}, and that
information may be provided by the entropy decoder {771) (data path not depicted as this mayv be
low volume control information only).

[0106]  The reconstruction module {774} is configured to combine, in the spatial domain,
the residual as output by the residue decoder {773) and the prediction results (as output by the
inter or intra prediction modules as the case may be} to form a reconstructed block, that may be
part of the reconstructed picture, which in turmn may be part of the reconstructed video. It is noted
that other suitable operations, such as a deblocking operation and the like, can be performed to
improve the visual quality.

[0107] It is noted that the video encoders (303), (503), and (603), and the video
decoders (310), (410), and {716} can be implemented using any suitable technique. In an
embodiment, the video encoders (303), (503), and (603}, and the video decoders {310}, {(410),
and (710} can be implemented using one or more integrated circuits. In another embodiment, the
video encoders (303), (503), and {503), and the video decoders (310), {410), and (710) can be
implemented using one or more processors that execute software instructions.

[0108] 11 Separately Coding Video Color Components

[0109]  Video coding technologtes typicallv assume that a to-be-encoded video sequence
has multiple color planes (e g., one luma component and two chroma components). By
employing certain coding tools, the color planes can be encoded jontly. For example, luma and
chroma components of a same picture may share a same partitioning tree. Coded luma and
chroma components can be organized into a same CLi. Coding of chroma components may
reference pixel values or residual values of a luma component for prediction {e.g., cross
component linear model (CCLM}). A processing step may use three luma and chroma
components as input {e.g., active color transform {ACT)). O, two chroma components can be
coded jointly {(e.g., joint coding of chroma residuals (JCCR)).

[0110]  However, in some applications, either a video is monochrome, or multiple color
planes of a video are required to be encoded independently. For example, three color
components of a video having a 4:4.4 chroma format may be required to be coded separately and
independently. For example, each color component of the video is treated as a monochrome

video. There is no dependency between those color components while the video being coded.
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Coding tools depending on multiple components (e.g., ACT and JCCR) or operating on chroma
components (e.g., block-based deita (or differential} pulse code modulation (BDPCM)) are not
employed. Coding of the video is based on monochrome coding tools operating on luma
component.

[0111]  To support coding of videos with different chroma formats and videos including
one or more monochrome components, in some embodiments, two syntax elements are defined

as shown in Table 1.

Table 1
chroma_format ide separate_colour_plane flag Chroma format
0 0 Monochrome
1 0 4:2:0
2 0 4.2:2
3 0 4:4:4
3 1 4:4:4

[0112]  The syniax element, chroma format ide, provides an index to multiple chroma
formats. The defined chroma formats correspond to different chroma component sampling
structures. Specifically, in monochrome sampling, there is only one sample array, which is
nominally considered a luma array. In 4:2:0 sampling, each of the two chroma amrays can have
half the height and half the width of the luma array. In 4:2:2 sampling, each of the two chroma
arrays can have the same height and half the width of the fuma array. For convenience of
notation and terminology in this disclosure, the variables and terms associated with these arrays
are referred to as luma and chroma. The two chroma arrays are refeired to as Cb and Cr
regardless of the actual color representation method in use. The actual color representation
method in use can be indicated in syntax transmatted in a biistream.

[0113]  The syntax element, separate_colour_plane flag, indicates whether color
components of a video sequence are required to be coded separately. For example,
separate_colour_plane flag equal to I specifies that the three color components of the 4:4.4
chroma format can be coded separately. separate colour plane flag equal to 0 specifies that the
color components are not coded separately. When separate colour plane flag is not present, it

is inferred to be equal 10 0.
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[0114] When separate colour plane flag 15 equal to 1, the coded picture consists of three
separate components, each of which consists of coded samples of one color plane{e.g.. Y, Cb, or
Cr) and uses monochrome coding svntax. In this case, each color plane is associated with a
specific colour_plane id value. There is no dependency in decoding processes between the color
planes having different colour_plane id values. For example, the decoding process of a
monochrome picture with one value of colour_plane_id does not use any data from monochrome
pictures having ditferent values of colour plane id for inter or intra prediction.

[0115]  In 4:4:4 sampling, each of the two chroma arrays has the same height and width
as the luma array, and depending on the value of separate colour plane flag, the following can
apply. If separate colour plane flagis equal to O, the three color planes are not separately
processed as monochrome sampled pictures. Otherwise (separate_colour_plane flag s equal to
1}, the three color planes are separately processed as monochrome sampled pictures.

[6116]  Inan example, the syntax elements, chroma format idc and
separate_colour plane flag are signaled in a sequence parameter set {SPS} as shown in Table 2.
Atrow 1 of Table 2, chroma format ide is signaled. At row 12, whether chroma forma idc
indicates the 4:4:4 chroma format sampling structure is verified. Atrow 13, when the
chroma format idc has a value of 3, separate colour plane flag is signaled to indicate whether
components of a video sequence referencing the SPS of Table 2 are coded separately.

[0117]  When a video is a monochrome video or is required to encode each color
component of the video as if each component is monochrome, joint color plane coding tools or
chroma component based coding tools are not applicable and can be disabled. However, as
shown in Table 2, several syntax elements controlfing those inapplicable coding tools are
signaled independentiy from whether separate encoding of color components is enabled (or
required). As a result. some coding tools inapplicable to monochrome videos can still be enabled
when separate encoding of different color planes as monochrome videos 1s emploved for a
current video, causing undesirable conflicts,

[0118]  Specifically, at row 86 of Table 2, a syntax element, sps_joint cbcr enabled flag,
is signaled without dependency on the sperate colour plane flag signaled at row 13, The
sps_joint_cher enabled flag can indicate whether the joint coding of chroma residuals (JCCR)
tool is enabled for coding a video. As two chroma components of a CU are jointly coded, the

JCCR coding tool is not a monochrome coding tool. The sps_joint cber enabled flag equal to O

CA 03133355 2021- 10- 13



WO 2021/080904 PCT/US2020/056275
27

specifies that the joint coding of chroma residuals is disabled. The sps_joint cber_enabled flag
egual to 1 specifies that the joint coding of chroma residuals is enabied.

[0119]  Atrows 104-105, when BDPCM is enabled and the chroma format is 4:4:4, a
syniax element, sps_bdpcm chroma enabled flag, is signaled without dependency on the
sperate_colour plane flag signaled at row 13, The sperate_colour_plane_flag can indicate
whether the tool of BDPCM for chroma is enabled for coding a video, The BDPCM for chroma
is a coding tool applied to chroma component, and thus can be disabled if the video is
monaochrome, or is required to encode each color component of the video as if each component is
monochrome.

[0120]  Regarding the semantics, sps bdpcm chroma enabled flag equal to | specifies
that intra_bdpcm_chroma_flag may be present in coding unit syntax for intra coding units.
sps_bdpem_chroma_enabled flag equal to O specifies that intra_bdpem_chroma_flag is not
present in the coding unit syniax for intra coding units. When not present, the value of
sps_bdpcm chroma enabled flag is inferred to be equal 10 0. Intra_bdpcm chroma flag equal
to | specifies that BDPCM is applied to current chroma coding blocks, 1.e. the transform is
skipped, the intra chroma prediction mode is specified by intra bdpem chroma_dir flag.
intra bdpcm chroma flag equal to O specifies that BDPCM is not applied to the current chroma
coding blocks. When intra_bdpem_chroma flag is not present it is inferred to be equal to 0.

[0121]  Atrows 142 and 144 of Table 2, when the chroma format is 4:4 4, a syntax
element, sps_act_enabled flag, 1s signaled without dependency on the sperate_colour_plane flag
signaled at row 13. The sps_act enabled flag can indicate whether the ACT tool is enabled for
coding a video. For example, a color format (e.g., RGB} in an original color space can have high
correlations among three color components. By performing a color space conversion, the color
format can be converted from the original color space to a target color space to reduce
redundancy among the three color components. For example, in HEVC or VCC, the ACT can be
performed in spatial residual domain o convert residual blocks from RGB color space to YCgCo
color space. The residual blocks of three components are used as input. Thus, ACT is not
applicable to 2 monochrome video or a video having color components processed separately.

[0122]  Regarding the semantics, sps_act_enabled flag specifies that whether adaptive
color transform is enabled. If sps act enabled flag is equal to |, adaptive color transform may

be used and the flag cu act enabled flag may be present in the coding unit syntax. If
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sps_act enabled flag ts equal to O, adaptive color transform is not used and cu_act_enabled flag

is not present in the coding unit syntax. When sps_act enabled flag is not present, it is inferred

to be equal to 6.
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Fable 2

i seq pammeier set thsp() § Descriptor
2 sps_deceding_parameter set id u{d}
3 sps_video parameter sed id u{4)
4 sps_max seb layers minusl {3}
5 sps_reserved_zero_4bits u{4)
6 sps_ptl_dpb_hrd purams prescnt flag u(1}
7 i sps_ptl_dpb hrd params present_flag )
8 profile_tier level( 1, sps_max sub layers minust )
9 gdr_enabled flap n(1}
10 sps_seq parameter set id u{4}
11 ** chroma_format_jdc u{2)
12 *=+ H( chroma format idc == 3 )
13 #* separate_coiour plane flag u{l}
14 ref_pic resampling enabled flag ufl}
15 sps_sey parameter set id ue(v)
16 chroma_format_idc uelv)
17 pic_width max_in_lema_samples ue{v}
18 pic_height max_in_lema_samples uefv)
19 sps_lop2 ctu_size minusd u(?)
20 subpics_present flag {1}
2 sps_num_sabpics_minusl u(#)
22 for{ i=0,1 <= sps_num_subpics_mirms]; i++ ) §{
23 subpic_cta_top left x{i] uf{v}
24 subpic_cta_top keft vii} u{v}
25 subpic_width minusifi] (v}
26 subpic_height minusifi] u{v}
27 subpic_treated_as pic_flagfi] u(i)
28 loop_fikier_across_subpic_eaabled flagfi] u{l}
29 3
3G ¥
31 sps_subpic_id_present_flag u(l)
32 if( sps_subpics_id_present_flag ) {
33 sps_subpic_id_signallicg preseni fag u{ i}
34 if{ sps_subpics_id_sipnalling present flag ) {
35 sps_subpic_id_len minusl uclv)
36 for(i=0.1 <= sps num ssbpics minnasl: i++ )
37 sps_subpic_idf 1] uiv)
38 H
39 }
40 bit_depth_minus8 uelv)
41 min_gp_prime_is_minaséd uelv)
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42 sps_weighted pred_flag u(t}
13 sps_weighted_bipred_flag ni{l}
44 log2_max_pic_order_cnt_lsh_minusd 4}
45 sps_poc_msh_flag u(l)
46 H( sps_poc_msh flag )
§7 poc_msh_len_minusi uefv)
48 H{ sps_max snb_layers minmsl >0}
49 sps_sub_laycr_dpb_params fiag u(l)
30 if( sps_ptl_dpb_hrd_pamams_present_fiag )
51 dpb_pammeters{ 0, sps_max_sub_layers_minusl,
sps_sub layer dpb params flag)
52 long term ref pics flag u(l}
53 inter layer ref pics_present flag u(l)
34 sps_idr_rpl_present flag (i}
35 rpll_same _as rpld flag u(l)
56 for( =0, i< trpll_same_as 1pl)_flag 72 : 1134+ ) {
57 pum_ref_pic_lists_in_sps{i] uetv)
58 for( j = 0, 3} <nom_ref pic_lists in spsfif; j++H
38 ref_pic hist_siruct{1,1)
60 ¥
ol #{ ChromaAmayype 1=0)
62 gthit_dual _tree_intra flag u{l}
63 fog2_min_luma_coding_block_size_minus2 uclv)
64 partition_constraints override enabled flag u{l)
65 sps fog2 difT min gt min ¢b iaira slice lema uelv)
86 sps_log2 diff_min_g4t_min_ch_inter slice unelv})
07 sps_max_mft_bierarchy_depth_inter slice uefv)
68 sps_max_mit_hierarchy_depth_intra_slice lama ue{v)
69 H{ sps_max_mit_hierarchy_depth_intra_slice luma = 0) {
70 sps_leg2 4if max b min ¢t intra slice luma uelv)
71 sps_log2_d4Hf_max_tt_min_gi_intra_shice_juma ued{v)
72 }
73 H{ sps_max_mit hicrarchy_depth inter shice 1= 4} {
7 sps_log2 diff max bt min gt inter slice nelvy
75 sps_Res? 4 max tf mia gt inter slice nelv)
7 }
7 H{ gtbtt_dual tree intra flap ) {
78 sps_log2 ¢iff min qt_min _ch_intra slice_chroma uelv})
74 sps_max_mtt_hierarchy_depth_intra_sfice_chroma ue{v)
80 if{ sps_max mit_hierarchy depth intra slice_chroma != 0){
8t sps_log2 &iff max bt _min_gi_intra_slice_chbroma ue(v)
R2 sps_log? &iff_max_ti_min_gt_intra_slice chroma uelv)
83 H
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84 }
85 sps_max_himaz_transform_size_64_flag ni{l}
86 *+ sps_joint_cher_enabled_flag ul)
7 #{ ChromaAmayType =0} {
58 same_gp_table for chroma u(l}
89 num{JpTables = same_qp_table for chroma ? 1 {
sps_jotnt_cber_enabled_flag 73 :2)
30 for{ 1= i < npmQpTables; i++) {
3t qp_tablc_start_niinus26{ i | se{v)
92 num_points_in_qp_table minnsifi] V)
3 fox j =0} <= nem points in gp table minasifi} p++ 34
94 delta_gp in_val minusi{i}{j] uelv)
95 detia_gp diff vafjif{j} uefv)
%6 }
7 3
93 3
99 sps_sao_enabled_flag u{l}
109 sps_alf_cnabled flay u(l)
10E sps_transform_skip_enabled_flag uil}
102 H( sps_transform_skip cnabicd flag )
103 sps_bdpom_enabled flag u{1}
104 #* H{ sps_bdpcm_enabled_flag && chroma format_idc == 3}
105 #* sps_bdpem_chroma_enabled_flag el
106 sps_ref wraparoesd enabled flag u{l)
107 H{ sps_ref wraparound enabled flag)
108 sps_ref_wraparound_offset_minusl nefv)
169 sps_temporal_mvp enabled_flag ufi}
110 H( sps_temporal_mvp_cnabled_flag)
11 sps_shtmvp_enablcd_flag u(t)
112 sps_amvr_enabled flag u(l})
113 sps_bdof_enabled_flag ul)
114 H{ sps_bdol cnabled flag)
ifs sps_bdof_pic_present_fiag w(h)
116 sps_smvd enabled flag u{l})
17 sps_dmvr epabled flag uil}
118 i#( sps_dmvr_cnabled flag)
119 sps_dmvr_pic_present flag u{1}
120 sps_mmvi _enabled flag uil}
121 sps_isp enabled flag u{l}
i22 sps_mrl enabled_flag u(l)
123 sps_mip enabied_flag u(l)
124 H{ ChromaArmay Type = 0)
125 sps_cclm_enabled flag u(h)
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126 if{ sps_cclm_emabled flag && chroma format idc == 1) [Ed (JC): shoukd
sps_cclm._colecated _cheoma_flag also be signalied for 422 case since it's nsed m the
decoding process, to be confirmed]
127 sps_cchm_colocated_chroma flag u{l}
128 sps_mits_caabled_flag u(l)
129 H( sps_mis enabled flag {
130 sps_explicit_mits_inira_enabled_fIag u(l}
13t sps_explicit_mis_inter_enabled flag u( b}
132 3
133 sps_sbi_enabied_fiag u(l)
134 sps_affine enabled flag u(h)
135 H{ sps_affine enabled flag ) {
136 sps_affing_type flag u(l)
137 sps_affine_amvr_enabled_flag u{l)
i38 sps_affine prof enabled _flag u(t})
139 if{ sps_affine_prof_cnabled flag)
140 sps_pref_pic_present_flag u{ b}
14} }:
142 #% H{ chroma_format dec==3){
143 sps_palette_enabled_fEag u{l}
144 =+ sps_act_enabled flag u{1)
143 ’
146 sps_bew_enabicd_flag ull}
147 sps_ibc_enabled_fiag u(l)
148 sps_ciip enabled flagy u(l}
149 H{ sps_mmvd enabled flag )
150 sps_fpel mmvd _enabled_flag u{l}
151 sps_triangle enabled_flag uf)
152 sps_lmcs_enabled_flag u(h}
153 sps_Hnst enabled flag w1}
i54 sps_tadf enabied_fiag u(l})
133 H( sps_ladf coabled flag){
156 sps_num_ladf intervals_minus2 w2y
157 sps_lad{_lowest_interval qp_offset se(v)
158 for{ i= 0.1 <sps_num_ladf intervals mimas2 + 1, i++) ¢
159 sps ladf gp offsetfi} 56{V}
160 sps_ladf_defta_threshold_minuslf i} uelv)
161 3
162 }
163 sps_scaling list enabled fiag u(l}
ic4 sps_foop_filter _acvoss_virtnal_boundaries_disabled_preseni flap n(l}
165 H{ sps_loop filter across_virtual boundaries disabled present flag ) {
166 sps_num_ver_virtual_boundaries u(2)
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167 for( 1= 0; 1 <sps_num_ver virtual boundasies; i++)

168 sps_virtual boundaries_pos_xfi] B{13)
169 sps_num_hor virtual boundaries w2}
17 for{ 1= 1 <sps_mun_hor virtual boundaries; i+ )

i7t sps_virtual boundaries_pos_y[ 1] u{13)
172 3

173 H{ sps_ptl_dpb_hrd params present flag ) {

174 sps_gencral_hré _params_present_flag u(l)
175 i sps_general hrd_params present flag ) {

176 general hrd paramefers( }

177 if{ sps_max sub_lavers minusl >0}

178 sps_sud_layer cpb_params present flag w1}
179 firstSubLayver = sps_sub_faver cpb params present flag 7 0 :

sps_max sub layers anmisi

180 ols_hed_parameters{ firstSubLaver, sps_max_sub layers_minust )

181 :

182 }

183 vui_paramcters_present flag u(l)
184 H{ voi_parameters_present_flag )

185 Vit _parameters( )

186 sps_extension flag u{l}
187 HY{ sps_extension_flag )

188 whtle{ mome rbsp data()

189 sps_extension data flag u{l)
190 thsp trailing bits( )

19} 1
[0123] II1. Disabling Coding Tocls Inapplicable to Monechrome Video or Video

with Separately Coded Components

[0124]

In some embodiments, to support the coding of monochrome video and the

separate coding of three color components of, for example, a2 4:4:4 chroma format video, a

variable indicating a chroma array type 1s defined. The vanable is denoted by

ChromaArrayType. The variable ChromaArrayType can be used to disable the coding tools that

are nof applicable when the video is monochrome and when the color components of the video

are required to be encoded separately and independently. Depending on the value of

separate_colour_plane_flag, the value of the variable ChromaArrayType can be assigned as

follows:

— if separate_colour_plane flag is equal to 0, ChromaAmayType is set equal to

chroma format idc{e.g., 0,1, 2, or 3).
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— Otherwise (separate colour plane flag is equal to 1), ChromaAsrayType 15 set equal to
0.
When ChromaArrayType is 0, the coding tools enabled by sps_joint_cher enabled flag,
sps_act_enabled flag, sps bdpcm chroma enabled flag, or the ke can be disabled.

[0125]  Table 3 shows a modified version of the SPS syntax shown in Table 2. At rows
84.85 of Table 3, sps_joint_cber _enabled flag is signaled when ChromaArrayType has a non-
zero value. When ChromaArrayType equals zero, which indicates a current video referring the
SPS of Table 2 is monochrome, or includes separately encoded components,
sps_joint cber enabled flag is not signaled, and can be inferred to be equal to zero.
Accordingly, the joint coding of chroma residuals can be disabled. Compared with the Table 2
examples, semantics of sps_joint_cber_enabled flag can be modified as follows:
sps_joint_cber_enabled flag equal to O specifies that the joint coding of chroma residuals is
disabled sps_joint_cber_enabled_flag equal to T specifies that the joint coding of chroma
residuals is enabled. When sps_joint_cber _enabled flag is not present, it is inferred to be be
equal {0 0.

[0126]  Atrows 102-103 of Table 3, sps_bdpcm chroma enabled flag is signaled when
BDP(CM is enabled and ChromaArravType has a non-zero value. When ChromaArrayType
equals zero, sps_bdpem_chroma_enabled flag is not signaled, and can be inferred to be equal to
zero. Accordingly, the BDPCM for chroma can be disabled. Semantics of
sps_bdpcm_chroma_enabled flag can be the same as in the Table 2 exampie.

[0127]  Atrows 140, 142, and 143 of Table 3, sps_act_enabled flag is signaled when the
video has a 4:4:4 chroma format and ChromaArray Type has a non-zero value. When
ChromaArrayType equals zero, sps_act enabled flag is not signaled, and can be inferred to be
equal to zero. Accordingly, the ACT can be disabled. Semantics of sps_act_enabled flag can be

the same as in the Tabie 2 example.

Table 3

i seq_parameter set 1bsp{ ) { Descriptor
2 sps_decoding parameter_set_id B{d}

3 sps_video_parameter_set_id w4}

4 sps_max_sub_layers_minusl w3}

5 sps_reserved_zere_4bits (4}

6 sps_pél_dpb_bhrd params present_filag u(l)

7 iff sps_pit dpb brd params present flag)
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1 profile_tier_level( 1, sps_max_sub_tavers_mimusi )
4 gdr_enabled flag Bii}
10 sps_seq parameier_set_id n{4)
11 *+ chroma_format_idc w2}
{2 *+ if{ chroma formal idc == 3)

13 ** separate_colour_plane flag uw(l)
i4 ref_pic_resampling enabled fiap B{l}
15 pic_width_max_in_luma_samples uelv)
16 pic_height max_in_luma_samples ue(v?
17 sps_log2_ctu_size minusS w2}
18 subpics_present flag u{i)
19 sps_pum_subpics_minusl B{8}
20 for{ 1=14; 1 <= sps_num subpics_minusl; i++} {
21 subpic_ctn_top left x[i] wv}
22 subpic_cta_top_left y[i] W)
23 subpic_width minusi{i} WYV}
24 subpic_height mivusi[i] wv)
25 subpic_treated_as_pic_flag]1] i)
26 Isop_fAller_acress_subpic_enabled_flag] 1] Bll}

7 }
28 )
29 sps_subpic_id_present_flag w1}
30 if{ sps_subpics_id_present_flag } {
31 sps_subpic_id_signalling present flag w1}
32 H( sps_subpics_id_signalling_ preseni_flag ) {
33 sps_subpic_id len_minpsl ne(v)
34 for{ i=0; i <= sps mun subpics minusl; i++)
35 sps_subpic_id{ i} B(v)
36 3
37 }
38 hit_depth _minus8 (V)
39 min_qp_prime_{s_minusd ue(v)
40 sps_weighted_pred_Rag w1}
41 sps weiphted bipred flag Bii}

2 iog?_max_pic_order_cmi_ish_minusé w4}
43 sps_poc_msh_flag u(l)
44 if{ sps_poc_msbh_flag )
45 poc_msb fen minusi ue(v)
16 iff sps_max sub lavers minusl >¢)

7 sps_suh_laver dpb_paramns fiag B{i}
43 if{ sps_ptt_dpb_hrd_params presemt_flag )
49 dpb_parameters{ 9. sps_max sub_layers minusl,

sps_sub laver_dpb params_flag )
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50 iong term_ref pics_flag wi)
5t inter_laver_ref pics preseni flag B{1}
52 sps_idr rpi_present_flag Bii)
53 pll_same_as_rpld_flag u(l)
54 for(1=0;1 <frpll_same as i flag 72 E i+ ) {
35 aum_ref pic_lists_in_spsii] ue(v)
36 for( j =0, j <pum ref pic lists in sps| i} j++)
57 ref pic list struct{ i, j)
58 H
59 iff ChromaArmayType !=10)
60 gtbtt_dual free intra flag u{i)
61 fog2_min_luma coding_block_size_minus2 ue(v)
62 partition_constraints_override_eaabled_flag B{l}
63 sps_log) dif min_gi min_ch_intra skce lama ue(v)
64 sps_log2 diff min_qi min_ch_inter_slice une(v)
65 sps_max_mtl_hierarchy_depth_inter_slice ue(v)
06 sps_max_mtt_hierarchy_depth_intra_slice_luma ue(vy
&7 if{ sps_max_mti_hkierarchy_depih inira shoe luma 1= 03¢
68 sps_log2 ¢iff max bt _min_gf intra_siice_luma velv)
69 sps_log2 diff max ¢t min qi inira slice luma uel(v)
70 )
71 iff sps_max_my_hicrarchy _depth _infer shce 1= ()4
72 sps_log? diff max ht min qi_inter_slice ue(v)
73 sps_log2 ¢iff max tt min qf inter shice uelv)
74 ¥
75 if{ qibit_dual tree_intra flag) {
76 sps_log? diff min_qt_min_cb_ietra_slice_chroma ue(vy
77 sps_max_mit_hicrarchy depth intra_slice_chroma ue(v)
78 Hf{ sps_max_mu_hicrarchy _depth_intra_slice chroma = 0} {
79 sps_log2_diff_max_bt_min_qt_intra_slice_chroma ue(v)
80 sps_log? diff_max ¢ min_gi intra_slice chroma ue(v)
81 ¥
32 3
33 sps max luma transfonm size 64 flap Bii}
84 ** if{ ChromaAmayIvpe =03 { Wil
33 *¢ sps_joint_cher_enabled flag
86 same_gp ¢able for chroma w(l)
87 nmQpTables = same_gp table for chroma 7 1: ( sps_joint_cber_enabled flag

73:2)
38 for{ 1=0; i < pumnQpTables, i++) {
89 qp_table start_mirus26f i | sedv)
90 num_points_in_gp_table_minusi|i] ue(v)
g1 forg § = 0; j <= man_poiis_in_gp table miousi[i ] j++ 5§
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92 delta_qp_im_val minus1{i]]{j} ue(v)
43 delta_qp_diff vad{i}ij} (V)
94 H
95 }
96 H
7 sps_sao_enabled_flaz (1)
98 sps_alf enabled flag B{l}
99 sps_transform_skip_enabled_flag B{l}
100 if{ sps_transform_skip_enabled_flag)
101 sps_bdpcem_enabled_flag (1)
102 #* if( sps_bdpem enabled flag && ChromaArrayType!=0)
103 »* sps_bdpem_chroma_enabled_flag {1}
104 sps_ref_wraparound_eanabled_flag B{l}
105 i sps_ref_wraparound cnabled _flag)
106 sps_ref_wraparcund offset_minus! une(v)
107 sps_temporal_mvp_enabled_fiag w1}
108 if{ sps_tcmporal_mvp_cnabled_flag )
109 sps_sbimvp_enabled_flag B{i}
110 sps_amvr_enabled_flag B}
111 sps_bdef epabled flag 1)
112 if{ sps_bdof cnabled flag)
113 sps_bdof_pic_present_flag w1}
114 sps_smvd _cnzhled flag B{1}
115 sp:_dmvr enabled fiag B}
116 i sps_dowr_cnabled flag)
117 sps_dmvr_pic_present_flag (1)
118 sps_mmvd_enabled_fiag (1}
119 sps_isp_enabled_flag u(l}
126 sps_mr] enabled_flag B(l)
121 sps_mip_enabled_flag (i)
122 iff ChromaArmayType I=14)
123 sps_ccim_enabled_fiag w1}
124 H{ sps_cclm_cuabled flag && chroma_format idc == 1) Ed {JC): should
sps_oclm colocated chroma flag also be signalied for 422 case since it's used in the
decoding process, 1o be confirmed]

i2% sps_ecim colocated chroma flag B{i}
126 sps_mits_enabled_flag w1}
127 iff sps_mis enabled flag) ¢
128 sps_explicit_mits_intra_enabled flag wi}
129 sps_explicit_mts inter_enabled flag w1}
130 3
131 sps_sht_enabled_flag e(l)
132 sps_affine_enabled_fiag w1}
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133 if{ sps_affine_cnabled flag ) {
134 sps_affine_tvpe flag B{1}
135 sps_affine_amvr_enabled_flag B{l)
136 sps_affine_prof_cnabled flag wl}
137 H{ sps_affinc prof enabled flag )
138 sps_prof_pic_present_flag w1}
139 H
140 =+ iff chroma_format_idc==3} {
141 sps_palette_enabied_fizg wlh}
142 %% HY ChromaAmavType 1=0 )
143 #=* sps_act_eaabled flaz u{i)
144 H
i43 sps_bew_enabled flag B{l}
146 sps_ibe_enabled flag w(l}
147 sps_ciip_enabled flag wl)
148 if( sps_mmvd cnabled flag )
149 sps_fpel_mmvd_enabled_flag wl)
150 sps_triangle enabled_flag B{i}
151 sps_hncs_enabled_flag Bll}
152 sps_ifnst_enabled_flag 1)
153 sps_Eadf enabled flag w1}
i54 if{ sps_ladf ¢nabled flag ) {
155 sps_pum_fadf intervals minus2? B2}
156 sps_ladf fowest interval qp_ offset se(v)
157 for(1=0; i <sps num_kadf intervals mions? + 1 i++) {
158 sps_ladf_qp offcetfi] sedv)
156 sps_ladf_defta_threshoid_minuslfi] ve(vy
160 3
161 }
162 sps_scaling list_enabled_flag (i)
163 sps_toop_filter_across_virtmal boundaries_disabled _present_flag w1}
164 if{ sps_loop filier gcross vistual boundaries disabled present fiag s {
163 sps_num_ver_virtual_boundaries w2}
166 for(1=4; i <sps puen ver vinmal bowxlanes; i++)
167 sps_virtnal_boundaries_pos x[ i} wi3})
i68 sps_num_hor virmal boundaries w2}
169 for{ i=0.i<sps num hor virtual boundarics; i++)
176 sps_virtnal boundaries pos yfi} w13}
171 3
172 if{ sps_ptt dpb hrd params presemt_flag ) {
173 sps_genersl_hrd_params present flag w1}
174 H{ sps_gencral hrd params piesent flag ) {
175 general_hrd_paramcters{ )
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176 1l sps_max_sub_kayers_minust > Q)

177 sps_sub_laver epb _params present flag B{1}

178 firgtSubLaver = sps sub layver cpb params present flag 70
sps_max_sub lavers minusi

179 ols_hrd parameters( firstSublaver, sps_mux_sub_layers minusl )

180 }

181 y

182 viti_parameters_present flag B{1}

183 if{ vui_parameters present flag )

i34 vii_parameters{ )

185 sps_extension flag w1}

186 if{ sps_extension flag )

187 while( more_rbsp datal )} )

188 sps_extension_datz flag B{i}

189 hsp_traiting biis()

190 3

[0128]  Insome embodiments, alternate implementations are employed for disabling
coding tools inapplicable to a monochrome video or a video including separately encoded
COMPONEnts.

[0129]  Inan embodiment, the following syntax of sps act enabled flag in Table 4
{which is copied from Table 3) can be expressed with alternate svatax shows in Table 5 to set
the value of sps_act enabled flag to 0 when chroma format idc equals 3 and
ChromaArrayType is zero.  Since chroma_format_idc == 3 and separate colour_plan flag==
tmplies ChromaArray Type not 0, the syntax in Table 4 and Table 5 can have the same effect. it
is noted that the signaling of sps_act_enabled_flag is independent from the signaling of

sps_palette_enabled flag at row 141

Table 4
140 *+ iff chroma format idc==3}{
141 sps_paleite_erabied fiay w1}
142 ** H{ CluomaAmayType 1=-0 )
143 ** sps_act_eaabled_flac w1}
144 3

Table 5

145 ** iff chroma format ide==23}{

141 sps_palette_cnabied_fiag (i)

142 =+ if(separate_colour_plane_flag== 0)
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143 ** sps_act_enabled flac w1}

144 :

[0130]  Inan embodiment, the following syntax of sps_bdpcm_chroma_enabled flagin
Table 6 (which is copied from Table 3) can be expressed with alternate syntax as shown in Table
7 to set the value of sps_bdpem_chroma_enabled flag to O when ChromaArrayTypeis zero. In
Table 7, the value of sps_bdpem_chroma enabled flag is inferred to be O when
ChromaArrayType is zero or a sps_transpguant_bypass_flag to support BDPCM for losstess
equals 0. When sps_tranquant_bypass_flag equals 1, sps_transquant_bypass flag indicates that
transformation and quantization pass shall be activated at the CU level. Otherwise, if
sps_tranguant_bypass_flag equals 0, transformation and quantization bypass shall not be
activated. The sps_tranquant bypass flag can be signaled at the SPS or be inferred to be | for

lossless coding as indicated by other SPS level lossless coding indication flag

TFable 6

102 #* if{ sps_bdpcm enabled flag && ChromaArtavTypel=0)

103 sps_bdpem_chroma_enabled flag B(1)
TFahle 7

102 =+ iff sps_bdpcm_enabled flag && cu transguand_bypass_flag
&& ChromaAmay Typel=0)

103 *=* sps_bdpcm_chroma_enabled_flag wi}

[0131]  Inan embodiment, the syntax in Table 7 is used. However, different from the
above embodiment, the semantics of the syntax element sps_tranquant_bypass_flag is defined as
follows. When sps_tranquant_bypass_flag equals 1, sps_transquant_bypass flag indicates that
transformation and quantization pass may {(instead of shall) be activaied ai the CU level.
Otherwise, if sps_tranquant_bypass flag equals 0, transformation and quantization bypass shall
not be aciivated. The sps tranquant bypass flag can be signaled at the SPS or be inferred to be
1 for lossless coding as indicated by other SPS level lossless coding indication flag.

[0132]  FIG. 8 shows an example process (800} of receiving flags of cross component
coding tools or chroma component based coding tools in a bitstream of 2 coded video. The
pracess {800) can be performed at a decoder. The process (800) can start from (S8301} and
proceed to (S814).

[0133] At S(810), a syntax element can be received in the bitstream that indicate whether

pictures of a sequence each are monochrome or have separately encoded components. For
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example, the syntax element can be the chroma format idc, or the separate color plane flag.
The chroma_format_idc being © can indicate the pictures are monochrome. The
separate_color_plane flag being | can indicate the pictures each having separately coded
components. In both the cases, the ChromaArmayType can have a value of ¢.

[0134]  As an example, the sequence of pictures refer the SPS in Table 3. The
chroma_format_idc signaled in row 11 in Table 3 is received. When the chroma format idc has
a value of 0, it can be determined the pictures are monochrome. When the chroma format idc
equals zero, the separate_color _plane flag may not be signaled at row 13, and can be inferred to
be equal to zero in one example. Accordingly, the ChromaArray Type can be set equal to
chroma format idc that is zero for the current case.

[0135] When the chroma_format_idc has a value of 3 indicating a 4:4:4 chroma format
of the pictures of the sequence, the separate_colour_plane_flag can be received at row 13. If the
separate_colour plane flag has a value of 1. which indicates the pictures are required io
separately coding the components, it can be determined the pictures have separately encoded
components, The ChromaArrayType can be set equal to zero.

[0136]  In other cases, when the chroma format idc received in row 11 has a value of |
or 2, or when the chroma format idc received in tow 11 has a value of 3 but the
separate_colour plane flag has a value of 0, it can be determined the pictures each are not
monochrome and include components that are not coded separately. Joint components coding
tools or chroma based coding tools can be applied to the pictures For the chroma format 1dc
recetved in row 11 of Table 3 having a value of 1 or 2 (the pictures are not monochrome), the
separate_colour plane flag can be inferred as zero. Accordingly, the ChromeArrayType can
take the value of chroma format idc thatis | or 2 (not zero). For the scenario that the
chroma_format_idc received has a value of 3 but the separate_colour_plane flag has a value of
0, the ChromeArrayType can still take the value of chroma_format_idc that 15 3 {not zero).

[0137]  When the pictures are determined to be monochrome or include separately
encoded components, or the ChromaArrayType is determined to be equal to zero, the steps of
{58205} to {S840) can be performed. The syniax elements for control of the joint-components
coding tools or chroma-based coding tool can be inferred to be equal to zero to disable those
coding tools. Specifically, sps joint cber enabled flag, sps bdpem chroma enabled flag, and

sps_act_enabled flag are each inferred to be equal to zero.
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[0138]  When the picwres are determined to not be monochrome and include components
that are not separately encoded, or the chromeArrayType is determined to be not equal zero, the
steps of ($850) to (5870) can be performed. The syntax elements for conirol of the joint-
components coding tools or chroma-based coding tool can be received from ihe bitsiream.
Specifically, sps_joint cber_enabled flag, sps bdpom chroma_enabled flag, and
sps_act_enabled flag can be received successively.

[0139]  After either {S840) or {S870), the process {800} can proceed to {S899} and
terminate at (S899}

[0140]  FIG. 9 shows a process (900) of disabling coding tools inapplicable to a
monochrome video or a video including separately encoded components according to an
embodiment of the disclosure. The process (900) can be performed at a decoder such as decoder
{710). The process (900} can start from {(S201} and proceed to ($910).

[0141]  At{S9190), a syntax element can be received in a bitstream that indicate whether a
sequence of pictures each are monochrome or have separately encoded components. For
example, the syntax element can be the chroma_format ide, or the separaie_color plane flagn
the Table 3 example. The chroma format idc being ¢ can indicate the pictures are monochrome.
The separate color plane flag being 1 can indicate the pictures each having separately coded
components. In both the cases (chroma_format idc being € or separate_color_plane flag being
1}. the variable ChromaArrayType can have a value of 0.

[0142]  When 1t 1s determined the sequence of pictures each are monochrome or have
separately encoded components, the steps {(§920) and (S930) can be performed. At {§920),
coding tools that use muitiple components of the pictures as input can be disabled, for example,
by inferning a value of a syntax element conirolling each corresponding coding tool. Examples
of such coding tools can include ACT, joint coding of chroma residuals, or the like.

[0143] At (S5930), coding tools that depend on a chroma component of the pictures can be
disabled, for example, by inferring a value of a syniax element controlling each corresponding
coding tool. Examples of such coding tools can include BOPCM for chroma. The process (90¢)
can then proceed to {$999) and terminate at (S999),

[0144]  When it is determined at {5910) that the sequence of pictures each are not
monochrome or do not have separately encoded components, the step {S940) can be performed.

At (8940), syntax elements for enabling the joint component coding tools or chroma component
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enabling those coding tools are signaled in the bitstream may depending on other conditions or
other syntax elements ransmitted in the bitstream. The process (900} can then proceed to {(S999)
and terminate at {$999).

[0145] IV, Computer System

[0146]  The techniques described above, can be implemented as computer software using
computer-readable instructions and physically stored in one or more computer-readable media.
For example, FIG. 10 shows a computer sysfem (1000) suitable for implementing certain
embodiments of the disclosed subject matter.

[0147]  The computer software can be coded using anv suitable machine code or
computer language, that may be subject to assemblv, compilation, linking, or like mechanisms to
create code comprising instructions that can be executed directly, or through interpretation,
micro-code execution, and the like, by one or more computer central processing units (CPUs),
Graphics Processing Units {GPUs), and the hike.

[0148]  The instructions can be executed on various types of computers or components
thereof, including, for example, personal computers, tablet computers, servers, smartphones,
gaming devices, internet of things devices, and the like.

[0149]  The components shown in FIG. 10 for computer system (1000) are exemplary in
nature and are not intended to suggest any hmitation as to the scope of use or functionality of the
computer software implementing embodiments of the present disclosure. Neither should the
configuration of components be interpreted as having any dependency or requirement relating to
any one or combination of components itlustrated in the exemplary embodiment of a computer
sysiem {1000).

[0150]  Computer system (1000) may include certain human interface input devices.
Such a human interface input device may be responsive to input by one or more human users
through, for example. tactile input {such as: keystrokes, swipes, data glove movements), audic
input {such as: voice, clapping), visual input {such as: gestures), olfactory input {not depicted).
The human interface devices can also be used to capture certain media not necessanly directly
refated to conscious input by a human, such as andio (such as: speech, music, ambient sound),
images (such as: scanned images, photographic images obtain from a still image camera), video

{such as two-dimensional video, three-dimensional video including stereoscopic video).
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[0151]  Input human mterface devices may include one or more of (only one of each
depicted): keybeard (1001}, mouse {1002}, trackpad {1003}, touch screen (101(¥), data-glove {not
shown), jovstick {1905}, microphone (1006), scanner {1007}, camera (1008},

[0152]  Computer system (1000) may also include certain human mterface output devices.
Such human interface output devices may be stimulating the senses of one or more human users
through, for example, tactile output, sound, light, and smell/taste. Such human interface output
devices may include tactile output devices (for example tactile feedback by the touch-screen
{1010}, data-glove (not shown). or joystick {1005}, but there can also be tactile feedback devices
that do not serve as input devices), audio output devices {such as: speakers (1009), headphones
{not depicted}), visual output devices (such as screens (1010) to include CRT screens, LCD
screens, plasma screens, GLED screens, each with or without touch-screen input capability, each
with or without tactile feedback capability—some of which may be capabie to output two
dimenstonal visual output or more than three dimensional output through means such as
stereographic output; virmual-reality glasses (not depicted), holographic displays and smoke tanks
{not depicied)), and printers (not depicted).

[0183]  Computer system (1000} can also include human accessible storage devices and
their associated media such as optical media including CD/DVD ROM/RW (1020) with
CD/DVD or the like media (1021}, thumb-drive (1022), removable hard drive or solid state drive
{1023), legacy magnetic media such as tape and floppy disc (not depicted), specialized
ROM/ASIC/PLD based devices such as security dongles (not depicted), and the like.

[0154]  Those skilled in the art should also understand that term “computer readable
media” as used in connection with the presently disclosed subject matter does not encompass
transmission media, carrier waves, or other transitory signals.

[0185]  Computer system (1000) can also include an interface (1054) to one or more
communication networks (1055}, Networks can for example be wireless, wireline, optical.
Networks can further be local, wide-area, metropolitan, vehicular and industrial, real-time, delay-
toterant, and so on. Examples of networks include local area networks such as Ethernet, wireless
LANs, cellular networks to include GSM, 3G, 4G, 5G, LTE and the like, TV wireline or wireless
wide area digital networks to include cable TV, satellite TV, and terrestrial broadcast TV,
vehicular and industrial to include CANBus, and so forth, Certain networks commonly require

external network interface adapters that attached to certain general purpose data ports or
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peripheral buses (1049) {such as, for example USB ports of the computer system (1000}); others
are commonly integrated into the core of the computer system {1000} by attachment t0 a system
bus as described below {for example Ethernet interface into a PC computer system or cellular
network interface into a smariphone computer system}. Using any of these networks, computer
system {1000) can communicate with other entities. Such communication can be uni-directional,
receive only (for example, broadcast TV), uni-directional send-only (for example CANbus to
certain CANbus devices), or bi-directional, for example to other computer systems using local or
wide area digital networks. Certain protocols and protocol stacks can be used on each of those
networks and network interfaces as described above.

[0156]  Aforementioned human interface devices, human-accessible storage devices, and
network interfaces can be attached to a core {1040) of the computer system (1000).

[0157]  The core (1040} can include one or more Central Processing Units {CPU) (1041},
Graphics Processing Units (GPU) (1042), spectalized programmablie processing units in the form
of Field Programmable Gate Areas (FPGA) (1043), hardware accelerators for certain tasks
{1044), graphics adapters (1050), and so forth. These devices, along with Read-only memory
{ROM) (1045}, Random-access memory {1046}, internal mass storage such as internal non-user
accessible hard drives, SSDs, and the like (1047), may be connected through a svstem bus
(1048). In some computer systems, the system bus (1048) can be accessible in the form of one
or more physical plugs to enable extensions by additional CPUs, GPU, and the like. The
peripheral devices can be attached either directly to the core’s system bus (1048}, or through a
peripheral bus (1049). In an example, the screen (~x10) can be connected to the graphics
adapter (~x50). Architectures for a peripheral bus include PCI, USB, and the like.

[0158] CPUs (1041), GPUs (1042), FPGAs {1043), and accelerators {1044) can execute
certain instructions that, in combination, can make up the aforementioned computer code. That
computer code can be stored in ROM (1045) or RAM (1046). Transitional daia can also be
stored in RAM (1046), whereas permanent data can be stored for example, in the internal mass
storage {1047). Fast storage and retrieve to any of the memory devices can be enabled through
the use of cache memory, that can be closely associated with one or more CPU {1041}, GPU
(1042}, mass storage (1047), ROM (1045), RAM (1046), and the like.

[0159]  The computer readable media can have computer code thereon for performing

various computer-implemented operations. The media and computer code can be those specially
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designed and constructed for the purposes of the present disclosure, or they can be of the kind
weil known and available to those having skill in the computer software arts.

[0160]  As an example and not by way of limitation, the computer system having
architecture {1000}, and specifically the core (1040) can provide functionalify as a result of
processor{s} (including CPUs, GPUs, FPGA, accelerators, and the like) executing software
embodied in one or more tangible, computer-readable media. Such computer-readable media
can be media associated with user-accessible mass storage as introduced above, as well as certain
storage of the core (1040} that are of non-transitory nature, such as core-internal mass storage
(1047) or ROM (1045). The software implementing various embodiments of the present
disclosure can be stored in such devices and executed by core (1040). A computer-readable
medium can include one or more memory devices or chips, according to particular needs. The
software can cause the core (1040) and specifically the processors therein {including CPU, GPU,
FPGA, and the like) to execute particular processes or pariicular parts of particular processes
described herein, including defining data strucwures stored in RAM {1046) and modifying such
data structures according io the processes defined by the sofiware. In addition or as an
alternative, the computer system can provide functionality as a result of logic hardwired or
otherwise embodied in a circuit (for example: accelerator (1044)), which can operate in place of
or together with software to execute particular processes or particular parts of particular
processes described herein. Reference to software can encompass logic, and vice versa, where
appropriate. Reference to a computer-readable media can encompass a circuit (such as an
integrated circuit (IC)) storing software for execution, a circuit embodying logic for execution, or
both, where appropriate. The present disclosure encompasses any suitable combination of

hardware and sofiware.

Appendix A: Acronyms
VTM: Versauile Video Coding Test Model
SPS: sequence parameter set
BDPCM: Block-based Delta Pulse Code Modulation
ACT: Adaptive Colour Transform
JEM: joint exploration model

VVC: versatile video coding
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BMS: benchmark set

MV: Motion Vector

HEVC: High Efficiency Video Coding
SEI: Supplementary Enhancement Information
VUT: Video Usability Information
GOPs: Groups of Pictures

TUs: Transform Units,

PUs: Prediction Units

CTUs: Coding Tree Units

CTBs: Coding Tree Blocks

PBs: Prediction Blocks

HRD: Hypothetical Reference Decoder
SNR: Signal Noise Ratio

CPUs: Central Processing Units

GPUs: Graphics Processing Units

CRT: Cathode Ray Tube

LCD: Liguid-Crystal Display

OLED: Organic Light-Emitting Diode
CD: Compact Disc

DVD: Digatal Video Disc

ROM: Read-Only Memory

RAM: Random Access Memory

ASIC: Application-Specific Integrated Circuit
PLD: Programmable Logic Device
LAN: Local Area Network

GSM: Global System for Mobile communications
LTE: Long-Term Evolution

CANBus: Controller Area Network Bus
USB: Universal Serial Bus

PCI; Peripheral Component Interconnect
FPGA: Field Programmable Gate Areas
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SSD: solid-state drive
iC: Integrated Circuit
CU: Coding Unit

[0161} While this disclosure has described several exemplary embodiments, there are
alterations, permutations, and various substitute equivalents, which fall within the scope of the
disclosure. It will thus be appreciated that those skilled in the art will be abie to devise numerous
systems and methods which, although not explicitly shown or described herein, embody the

principles of the disclosure and are thus within the spirit and scope thereof.
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WHAT IS CLAIMED IS:

1. A method of video decoding performed in a video decoder, comprising:

receiving a syntax element from a bitstream of a coded video, the syntax element
indicating whether a sequence of pictures are monochrome or include three color components
that are coded separately; and

inferring a value of a syntax element to disable a coding tool that uses multiple color
components of a picture as input or depends on a chroma component of a picture when the
syntax element indicates that the sequence of pictures are monochrome or include three color

components that are coded separately.

2. The method of claim 1, wherein the disabled coding tool is one of a coding tool of:
joint coding of chroma residuals,
active color transform (ACT), or

block-based delta pulse code modulation {BDPCM) for chroma component.

3. The method of claim 1, wherein the infersing the vahie of the syntax element to disable
the coding tool that uses multiple color components of a picture as input includes:
inferring the value of the syntax element indicating whether joint coding of chroma

residuals is erabled to be equal to zero.

4. The method of claim 1. wherein the inferring the value of the syntax element to
disable the coding tool that uses multiple color components of a picture as input includes:
inferring the value of the syntax element indicating whether ACT is enabled to be equal

10 zero,

5. The method of claim 1, wherein the inferring the value of the syntax element to disable
the coding tool that depends on a chroma component of a picture as input includes:
inferring the value of the syntax element indicating whether BDPCM for chroma

component is enabled to be equal to zero.
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6. The method of claim 1, wherein the inferring the value of the syntax element to disable
the coding tool that uses multiple color components of a picture as input or depends on a chroma
component of a picture includes:

determining a value of a variable to be zero when the syntax element indicates that the
sequence of pictures are monochrome or include three color components that are coded
separately, the variable indicating a chroma array fype of the sequence of pictures; and

in response to determining the value of the variable to be zero, inferring the value of one
of the following syntax elements to be equal to zero:

a syntax element indicating whether joint coding of chroma residuals is enabled,
a syntax element indicating whether ACT is enabled, or

a syntax element indicating whether BDPCM for chroma component is enabied.

7. The method of claim 1, further comprising:
receiving a svntax element indicating whether joint coding of chroma residuals is
enabled when it is determined that the sequence of pictures are not monochrome and include

three color components that are not coded separately.

R. The method of claim 1, further comprising;
receiving a syntax element indicating whether ACT is enabled when it is determined that
the sequence of pictures are not monochrome and include three color components that are not

coded separately.

9 The method of claim 1, further comprising:
receiving a syntax element indicating whether BDPCM for chroma component is
enabled when it is determined that the seguence of pictures are not monochrome and include

three color components that are not coded separately.

10. The method of claim 1, further comprising:
determining a value of a varniable indicating a chroma array type of the sequence of
pictures when it is determined that the sequence of pictures are not monochrome and include

three color components that are not coded separately; and
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receiving one of the following syntax elements when the value of the variable is
determined to be non-zero:
a syntax element indicating whether joint coding of chroma residuals is enabled,
a syntax element indicating whether ACT is enabled, or

a syntax element indicating whether BDPCM for chroma component is enabled.

11. The method of claim 1, further comprising:

determining a value of a variable indicating a chroma array type of the sequence of
pictures when it is determined that the sequence of pictures are not monochrome and include
three color components that are not coded separately; and

receiving a syntax element indicating whether BDPCM for chroma component is
enabled when the value of the variable is determined to be non-zero, and when a lossless mode is

enabled for the sequence of pictures.

12, An apparatus of video decoding, comprising circuitry configured to:

receive a syntax element from a bitstream of a coded video, the syntax element
indicating whether a sequence of pictures are monochrome or include three color components
that are coded separately; and

infer a value of a syntax element to disable a coding tool that uses multipte color
compaonents of a picture as input or depends on a chroma component of a picture when the
syntax element indicates that the sequence of pictures are monochrome or include three color

components that are coded separately.

13. The apparatus of claim 12, wherein the disabled coding tool is one of a coding tool
of:

joint coding of chroma residuals,

acteve color transform (ACT), or

block-based delta pulse code modulation {BDPCM) for chroma component.

14. The apparatus of claim 12, wherein the circuitry is further configured to:
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infer the value of the syniax element indicating whether joint coding of chroma residuals

is enabled to be egual to zero.

15. The apparatus of claim 12, wherein the circuitry is further configured to:
infer the value of the syntax element indicating whether ACT is enabled to be equal to

FASLUN

16. The apparatus of claim 12, wherein the circuitry 1s further configured to;
infer the value of the syntax element indicating whether BDPCM for chroma component

is enabled to be equal to zero.

17. A non-traasitory computer-readable medium storing instructions that, when
exacuted by a processor, cause the processor to perform a method of video decoding, the method
comprising’

receiving a syntax element from a bitstream of a coded video, the syntax element
indicating whether a sequence of pictures are monochrome or include three color components
that are coded separately; and

inferring a value of a syntax element to disable a coding tool that uses multiple color
components of a picture as mnput or depends on a chroma component of a picture when the
syntax element indicates that the sequence of pictires are monochrome or include three color

components that are coded separately.

18. The non-transitory computer-readable medium of claim 17, wherein the disabled
coding tool is one of a coding tool of’

joant coding of chroma residuals,

active color transform (ACT), or

block-based delta pulse code modulation (BDPCM) for chroma component.
19. The non-transitory computer-readable medium of claim 17, wherein the inferring the

value of the syntax element 10 disable the coding tool that uses muitiple color components of a

picture as input includes;
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inferring the value of the syntax element indicating whether joint coding of chroma

residuals is enabled to be equal to zero.

20. The non-transitory computer-readable medium of claim 17, wherein the inferring the
value of the syntax element to disable the coding tool that uses multiple color components of a
pictirre as input includes:

inferring the value of the syntax element indicating whether ACT is enabled to be equal

10 Zero,
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