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(57) Abstract: In a method of video decoding at a video decoder, a first high
level syntax (HLS) element and a second HLS element can be received. The
first HLS element can indicate whether an explicit multiple transform selection
(MTS) is enabled or disabled for an intra coded block. The second HLS element
can indicate whether the explicit MTS is enabled or disabled for an inter coded
block. The first and second HLS elements can control a same set of coding blocks
that include the intra coded block and the inter coded block. An implicit MTS
can be enabled for the intra coded block when the first HLS element indicates the
explicit MTS is disabled for the intra coded block, and the second HLS element
indicates the explicit MTS is enabled for the inter coded block.
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METHOD AND APPARATUS FOR VIDEO CODING

INCORPORATION BY REFERENCE

[0001]  This present application claims the benefit of U.S. Patent Application No.
16/878,390, “Method and Apparatus for Video Coding” filed on May 19, 2020, which claims the
benefit of U.S. Provisional Application No. 62/860,149, “High-level Syntax Control on Enabling
Implicit Transform Selection” filed on June 11, 2019. The disclosures of the prior applications
are hereby incorporated by reference in their entirety.

TECHNICAL FIELD

[0002]  The present disclosure describes embodiments generally related to video coding.

BACKGROUND

[0003]  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 expressly nor impliedly admitted as
prior art against the present disclosure.

[0004]  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 series of pictures can have a fixed or variable picture 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 8 bit per sample
(1920x1080 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.

[0005]  One purpose of video coding and decoding can be the reduction 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.
Both lossless and lossy compression, as well as a combination thereof can be employed.

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

reconstructed signal may not be identical to the original signal, but the distortion between
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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 distribution
applications. The compression ratio achievable can reflect that: higher allowable/tolerable
distortion can yield higher compression ratios.

[0006] A video encoder and decoder can utilize techniques from several broad categories,
including, for example, motion compensation, transform, quantization, and entropy coding.

[0007]  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
reconstructed reference pictures. In some video codecs, the picture is spatially subdivided into
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 to 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 coefficients
are, the fewer the bits that are required at a given quantization step size to represent the block
after entropy coding.

[0008]  Traditional intra coding such as known from, for example MPEG-2 generation
coding technologies, does not use intra 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, intra prediction is only using reference data from
the current picture under reconstruction and not from reference pictures.

[0009] 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 intra 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

2



16 Jan 2023

2020292182

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.

[0010] 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
neighboring 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.

[0011]  Motion compensation can be a lossy compression technique and can relate to
techniques where a block of sample data from a previously reconstructed 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 in use (the latter, indirectly, can be a time dimension).

[0012]  In some video compression techniques, an MV applicable to a certain area of
sample data can be predicted from other M Vs, 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
MV, 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 applicable move in a similar direction and, therefore, can in some cases be
predicted using a similar motion vector derived from MVs of neighboring area. That results in
the MV found for a given area to be similar or the same as the MV predicted from the
surrounding MVs, and that in turn can be represented, after entropy coding, in a smaller number
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,
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[0013]  Various MV prediction mechanisms are described in H.265/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".

[0014]  Referring to FIG. 1, a current block (101) 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 shifted. 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 A0, A1, and BO, B1, B2 (102 through 106, respectively). In
H.265, the MV prediction can use predictors from the same reference picture that the
neighboring block is using.

[0015] A reference herein to a patent document or any other matter identified as prior art,
is not to be taken as an admission that the document or other matter was known or that the
information it contains was part of the common general knowledge as at the priority date of any
of the claims.

SUMMARY

[0016]  According to an aspect of the invention, there is provided a method of video
decoding at a video decoder, comprising: receiving a first high level syntax (HLS) element
indicating whether an explicit multiple transform selection (MTS) is enabled or disabled for a
first block that is an intra coded block, wherein transform type information indicating a
transform type is derived in the explicit MTS; receiving a second HLS element indicating
whether the explicit MTS is enabled or disabled for a second block that is an inter coded block,
wherein the first and second HLS elements control a same set of coding blocks that include the
first block and the second block; and enabling an implicit MTS for the first block when the first
HLS element indicates the explicit MTS is disabled for the first block without considering
whether the second HLS element indicates the explicit MTS is enabled or disabled for the second
block, wherein no transform type information is signaled by the implicit MTS.

[0017] According to another aspect of the invention, there is provided a method of video
decoding at a video decoder, comprising: receiving a first high level syntax (HLS) element

indicating whether an explicit multiple transform selection (MTS) is enabled or disabled for an
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intra coded block, wherein transform type information indicating a transform type is derived in
the explicit MTS; receiving a second HLS element indicating whether a Non-separable Separable
Secondary Transform (NSST) or matrix-based intra prediction (MIP) is disabled or enabled for
the intra coded block; and enabling an implicit MTS for the intra coded block when both a first
condition and a second condition are satisfied, the first condition being the first HLS element
indicates the explicit MTS is disabled for the intra coded block, the second condition being the
second HLS element indicates the NSST or the MIP is disabled for the intra coded block,
wherein no transform type information is signaled by the implicit MTS.

[0018] According to a further aspect of the invention, there is provided a method of video
decoding at a video decoder, comprising: receiving an intra coded block associated with a first
block level syntax element indicating whether a multiple transform selection (MTS) is applied,
and a second block level syntax element indicating whether a non-separable secondary transform
(NSST) is applied; and enabling an implicit MTS for the intra coded block when both a first
condition and a second condition are satisfied, the first condition being that the first block level
syntax element indicates the MTS is not applied, the second condition being that the second
block level syntax element indicates the NSST is not applied, wherein no transform type
information is signaled by the implicit MTS.

[0019]  Aspects of the disclosure provide a first method of video decoding at a video
decoder. The method can include receiving a first high level syntax (HLS) element indicating
whether an explicit multiple transform selection (MTS) is enabled or disabled for an intra coded
block, and receiving a second HLS element indicating whether the explicit MTS is enabled or
disabled for an inter coded block. The first and second HLS elements control a same set of
coding blocks that include the intra coded block and the inter coded block. An implicit MTS can
be enabled for the intra coded block when the first HLS element indicates the explicit MTS is
disabled for the intra coded block, and the second HLS element indicates the explicit MTS is
enabled for the inter coded block.

[0020]  An embodiment of the method may further include applying the implicit MTS to
the intra coded block. A transform type for processing the intra coded block can be determined
according to a size of the intra coded block. In various examples, the first or second HLS
element can be one of a video parameter set (VPS) syntax element, a sequence parameter set

(SPS) syntax element, a picture parameter set (PPS) syntax element, a slice header syntax
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element, a tile header syntax element, or a tile group header syntax element. In an embodiment,
the intra coded block is not coded with an intra sub-partitioning (ISP) mode. In an embodiment,
the method can further include receiving a third HLS element indicating an MTS is enabled for
each of the inter and intra coded blocks.

[0021]  Aspects of the disclosure provide a second method of video decoding at a video
decoder. The second method can include receiving a first HLS element indicating whether an
MTS is enabled or disabled for an intra coded block, and receiving a second HLS element
indicating whether a non-separable secondary transform (NSST) or matrix-based intra prediction
(MIP) is disabled or enabled for the intra coded block. An implicit MTS can be enabled for the
intra coded block when the first HLS element indicates the explicit MTS is disabled for the intra
coded block, and the second HLS element indicates the NSST or the MIP is disabled for the intra
coded block.

[0022]  The disclosure can also provide a third method of video decoding at a video
decoder. The third method can include receiving an intra coded block associated with a first
block level syntax element indicating whether an MTS is applied, and a second block level
syntax element indicating whether an NSST is applied. An implicit MTS can be enabled for the
intra coded block when the first block level syntax element indicates the MTS is not applied, and
the second block level syntax element indicates the NSST is not applied.

[0023] Note that although the instant application refers to NSST, the disclosed methods
and systems can be applied to variants of NSST, such as, reduced size transform (RST), and low-
frequency non-separable secondary transform (LFNST). Thus, NSST, RST, and/or LENST can
be used interchangeably throughout the instant application.

[0024]  Where any or all of the terms "comprise", "comprises", "comprised" or
"comprising" are used in this specification (including the claims) they are to be interpreted as
specifying the presence of the stated features, integers, steps or components, but not precluding
the presence of one or more other features, integers, steps or components.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025]  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:
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[0026]  FIG. 1 is a schematic illustration of a current block and its surrounding spatial
merge candidates in one example.

[0027]  FIG. 2 is a schematic illustration of a simplified block diagram of a
communication system (200) in accordance with an embodiment.

[0028]  FIG. 3 is a schematic illustration of a simplified block diagram of a
communication system (300) in accordance with an embodiment.

[0029]  FIG. 4 is a schematic illustration of a simplified block diagram of a decoder in
accordance with an embodiment.

[0030]  FIG. 5 is a schematic illustration of a simplified block diagram of an encoder in
accordance with an embodiment.

[0031] FIG. 6 shows a block diagram of an encoder in accordance with another
embodiment.

[0032] FIG. 7 shows a block diagram of a decoder in accordance with another
embodiment.

[0033] FIGs. 8A-8D show example transform core matrices of 4-point, 8-point, 16-point,
and 32-point DCT-2, respectively, according to an embodiment.

[0034]  FIGs. 9A-9D show sub-block types, sizes, and positions supported in sub-block
transform (SBT) according to an embodiment.

[0035]  FIG. 10 shows numbers of sub-partitions depending on the block size in an intra
sub-partition (ISP) coding mode according to an embodiment.

[0036]  FIG. 11 shows an example where a block is partitioned into two sub-partitions in
an ISP coding mode.

[0037]  FIG. 12 shows an example where a block is partitioned into four sub-partitions in
an ISP coding mode.

[0038] FIGs. 13A-13E show a 64x64 transform core matrix of a 64-point DCT-2
transform according to an embodiment.

[0039] FIG. 14 shows transform basis functions of DST/DCT transforms according to an
embodiment.

[0040]  FIG. 15 shows a table illustrating a mapping relationship between an mts_idx

value and respective horizontal or vertical transforms according to an embodiment.



16 Jan 2023

2020292182

[0041]  FIGs. 16A-16D show transform core matrices of a DST-7 transform type
according to an embodiment.

[0042]  FIGs. 17A-17D show transform core matrices of a DCT-8 transform type
according to an embodiment.

[0043]  FIG. 18 shows an example of controlling usage of multiple transform selection
(MTS) using sequence parameter set (SPS) syntax elements.

[0044]  FIG. 19 shows a table of mapping between intra prediction modes and transform
sets according to an embodiment.

[0045]  FIGs. 20-21 show two alternative transform coding processes (2000) and (2100)
for RST8x8 using 16x64 transform cores and 16x48 transform cores, respectively, according to
an embodiment.

[0046]  FIG. 22 shows an example CU-level syntax table (2200) where a syntax element
Ifnst_idx indicating a selection of a low frequency non-separable secondary transform (LFNST)
kernel is signaled at the end of CU-level syntax.

[0047]  FIG. 23 shows a process (2301) of a reduced transform and a process (2302) of a
reduced inverse transform according to an embodiment.

[0048]  FIG. 24A shows the whole top-left 8x8 coefficients (shaded sub-blocks) of a
residual block (2410) used as input for calculating a secondary transform in RST8x8.

[0049]  FIG. 24B shows the top-left three 4x4 sub-block coefficients (shaded sub-blocks)
of the residual block (2410) used as input for calculating a secondary transform in RST8xS.

[0050] FIG. 25 shows a table for transform set selection based on an intra prediction
mode according to an embodiment.

[0051]  FIG. 26 shows an example process (2600) of a matrix-based intra prediction
(MIP) mode.

[0052]  FIG. 27 shows a CU-level syntax table where flags signaling matrix-based intra
prediction (MIP) modes are shown in a frame (2701) according to an embodiment.

[0053]  FIGs. 28A-28B in combination show a text (2800) specifying a transform coding
process of performing explicit or implicit transform selection for a current block based on related

syntax elements received from a bitstream.



16 Jan 2023

2020292182

[0054]  FIG. 29 shows modifications (2900) to the text (2800) that correspond to an
implicit transform enabling scheme where implicit transform for intra residual blocks and
explicit transform for inter residual blocks can coexist.

[0055]  FIG. 30 shows modifications (3000) to the text (2800) that correspond to a
scenario where an implicit transform is enabled when a non-separable secondary transform
(NSST) is disabled.

[0056]  FIG. 31 shows modifications (3100) to the text (2800) that correspond to a
scenario where an implicit transform is enabled when an MIP is disabled.

[0057]  FIG. 32 shows modifications (3200) to the text (2800) that correspond to a
scenario where both MTS and NSST are not applied to a current block.

[0058]  FIG. 33 shows modifications (3300) to the text (2800) that correspond to a
scenario where none of MTS, NSST, or MIP is applied to a current block.

[0059]  FIGs. 34-36 show flow charts of transform coding processes (3400), (3500), and
(3600) according to some embodiments of the disclosure.

[0060]  FIG. 37 is a schematic illustration of a computer system in accordance with an
embodiment.

DETAILED DESCRIPTION OF EMBODIMENTS

[0061] I. Video Coding Encoder and Decoder

[0062]  FIG. 2 illustrates 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 transmission 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 transmission 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 in

media serving applications and the like.
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[0063]  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
(e.g., a 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.

[0064] In the FIG. 2 example, the terminal devices (210), (220), (230) and (240) may be
illustrated as servers, personal computers and smart phones but the principles of the present
disclosure may be not so limited. 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
immaterial to the operation of the present disclosure unless explained herein below.

[0065]  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 equally applicable to other video enabled applications, including,
for example, video conferencing, digital TV, storing of compressed video on digital media
including CD, DVD, memory stick and the like, and so on.

[0066] 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 to encoded video data (304) (or coded video
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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, software, or a
combination thereof to enable or implement aspects of the disclosed subject matter as described
in more detail below. The encoded video data (304) (or encoded video bitstream (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
client 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 encoded video data (304). A client
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
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 ITU-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.

[0067] It is 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.

[0068] 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.

[0069]  The receiver (431) may receive one or more coded video sequences to be decoded
by the video decoder (410); 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 be a
hardware/software 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
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ancillary data streams, that may be forwarded to their respective using entities (not depicted).
The receiver (431) may separate the coded video sequence from the other data. To combat
network jitter, a buffer memory (415) 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 jitter, 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,
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 system or similar elements (not
depicted) outside of the video decoder (410).

[0070] 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 integral 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 in accordance with a
video coding technology or standard, and can follow various principles, 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, Transform Units (TUs), Prediction Units (PUs)
and so forth. The parser (420) may also extract from the coded video sequence information such

as transform coefficients, quantizer parameter values, motion vectors, and so forth.
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[0071]  The parser (420) may perform an entropy decoding / parsing operation on the
video sequence received from the buffer memory (415), so as to create symbols (421).

[0072]  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 units 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
multiple units below is not depicted for clarity.

[0073] Beyond the functional blocks already mentioned, the video decoder (410) can be
conceptually subdivided into a number of functional units as described below. In a practical
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 into the functional units
below is appropriate.

[0074] A first unit is the scaler / inverse transform unit (451). The scaler / inverse
transform unit (451) receives a quantized transform 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 comprising sample values, that can be input into aggregator (455).

[0075]  In some 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, using
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
basis, the prediction information the intra prediction unit (452) has generated to the output

sample information as provided by the scaler / inverse transform unit (451).
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[0076]  In other cases, the output samples of the scaler / inverse transform unit (451) can
pertain to an inter coded, and potentially motion compensated block. In such a case, a motion
compensation prediction unit (453) can access reference picture memory (457) to fetch 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 (451) (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 compensation
prediction unit (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
fetched from the reference picture memory (457) when sub-sample exact motion vectors are in
use, motion vector prediction mechanisms, and so forth.

[0077]  The output samples of the aggregator (455) can be subject to various loop filtering
techniques in the loop filter unit (456). Video compression technologies can include in-loop
filter technologies 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.

[0078]  The output of the loop filter unit (456) can be a sample stream that can be output
to the render device (412) as well as stored in the reference picture memory (457) for use in
future inter-picture prediction.

[0079]  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
fully 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 fresh current picture buffer can be reallocated before commencing
the reconstruction of the following coded picture.

[0080]  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
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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, maximum frame rate,
maximum reconstruction sample rate (measured in, for example megasamples per second),
maximum reference picture size, and so on. Limits set by levels can, in some cases, be further
restricted through Hypothetical Reference Decoder (HRD) specifications and metadata for HRD
buffer management signaled in the coded video sequence.

[0081]  In an 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 noise ratio (SNR) enhancement layers,
redundant slices, redundant pictures, forward error correction codes, and so on.

[0082]  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 transmitter (540) (e.g., transmitting
circuitry). The video encoder (503) can be used in the place of the video encoder (303) in the
FIG. 3 example.

[0083]  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 capture video
image(s) to be coded by the video encoder (503). In another example, the video source (501) is a
part of the electronic device (520).

[0084]  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 bit, 12 bit, ...), 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
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media serving system, the video source (501) may be a storage device storing previously
prepared video. In a videoconferencing system, the video source (501) 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 organized as a spatial array of pixels, wherein each pixel can comprise 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.

[0085]  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
any other time constraints as required by the application. Enforcing appropriate coding speed is
one function of a controller (550). In some embodiments, the controller (550) controls other
functional units as described below and is 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 suitable functions that
pertain to the video encoder (503) optimized for a certain system design.

[0086]  In some 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 (530) (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 (533) embedded in
the video encoder (503). The decoder (533) reconstructs the symbols to create the sample data in
a similar 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 to 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 exact 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
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reference picture synchronicity (and resulting drift, if synchronicity cannot be maintained, for
example because of channel errors) is used in some related arts as well.

[0087] 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
conjunction 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 (545) 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).

[0088]  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 necessarily needs to be
present, in substantially identical functional form, in a corresponding encoder. For this reason,
the disclosed 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.

[0089]  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.

[0090]  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 (532) may advantageously be lossy processes. When the coded
video data may be decoded at a video decoder (not shown in FIG. 5 ), the reconstructed 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).
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[0091]  The predictor (535) may perform prediction searches for the coding engine (532).
That is, for a new picture to be coded, the predictor (535) 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).

[0092]  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.

[0093]  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.

[0094] The transmitter (540) may buffer the coded video sequence(s) as created by the
entropy coder (545) to prepare for transmission 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
transmitted, for example, coded audio data and/or ancillary data streams (sources not shown).

[0095]  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:

[0096]  An Intra Picture (I picture) may be one that may be coded and decoded without
using any other picture in the sequence as a source of prediction. Some video codecs allow for
different types of intra 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.
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[0097] 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.

[0098] 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.

[0099]  Source pictures commonly 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 I 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 two
previously coded reference pictures.

[0100]  The video encoder (503) may perform coding operations according to a
predetermined video coding technology or standard, such as ITU-T Rec. H.265. In its operation,
the video encoder (503) may perform various compression operations, including predictive
coding operations that exploit temporal and spatial redundancies in the input video sequence.
The coded video data, therefore, may conform to a syntax specified by the video coding
technology or standard being used.

[0101] In an 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.

[0102] A video may be captured as a plurality of source pictures (video pictures) in a

temporal sequence. Intra-picture prediction (often abbreviated to intra prediction) makes use of
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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 coded 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 identifying the reference picture, in case multiple
reference pictures are in use.

[0103]  In some embodiments, a bi-prediction technique can be used in the inter-picture
prediction. According to the bi-prediction technique, two reference pictures, 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, respectively, 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 points 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.

[0104]  Further, a merge mode technique can be used in the inter-picture prediction to
improve coding efficiency.

[0105] 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 in a sequence of video pictures is
partitioned into coding tree units (CTU) for compression, the CTUs in a picture have the same
size, such as 64x64 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 split 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
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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.

[0106]  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 sample 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
sequence. In an example, the video encoder (603) is used in the place of the video encoder (303)
in the FIG. 3 example.

[0107] In an HEVC example, the video encoder (603) receives a matrix of sample values
for a processing block, such as a prediction block of 8x8 samples, and the like. 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 outside the predictors. In
certain other video coding technologies, a motion vector component applicable 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.

[0108] Inthe FIG. 6 example, the video encoder (603) includes the inter 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.

[0109]  The inter encoder (630) is 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., blocks in previous pictures and later pictures), generate inter prediction
information (e.g., description of redundant information according to inter encoding technique,

motion vectors, merge mode information), and calculate inter prediction results (e.g., predicted

21



16 Jan 2023

2020292182

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 information.

[0110]  The intra encoder (622) is configured to receive the samples of the current block
(e.g., a processing block), in some 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 or more intra
encoding techniques). In an example, the intra encoder (622) also calculates intra prediction
results (e.g., predicted block) based on the intra prediction information and reference blocks in
the same picture.

[0111]  The general controller (621) is configured to determine general control 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 mode. 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 controller (621) controls the switch (626) to select the inter prediction
result for use by the residue calculator (623), and controls the entropy encoder (625) to select the
inter prediction information and include the inter prediction information in the bitstream.

[0112]  The residue calculator (623) is configured to calculate a difference (residue data)
between the received block and prediction results selected from the intra encoder (622) or the
inter encoder (630). The residue encoder (624) is configured to 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-transform, 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 inter encoder (630) can generate decoded blocks based on the decoded residue data
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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 to generate decoded pictures and the decoded pictures can be buffered in a
memory circuit (not shown) and used as reference pictures in some examples.

[0113]  The entropy encoder (625) is configured to format the bitstream to include the
encoded block. The entropy encoder (625) is configured to include various information
according to a suitable standard, such as the HEVC standard. In an example, the entropy
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.

[0114]  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 reconstructed
pictures. In an example, the video decoder (710) is used in the place of the video decoder (310)
in the FIG. 3 example.

[0115]  Inthe FIG. 7 example, the video decoder (710) includes an entropy decoder (771),
an inter decoder (780), a residue decoder (773), a reconstruction module (774), and an intra
decoder (772) coupled together as shown in FIG. 7.

[0116] 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 is 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 or inter
prediction information) that can identify 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
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information is provided to the intra decoder (772). The residual information can be subject to
inverse quantization and is provided to the residue decoder (773).

[0117] The inter decoder (780) is configured to receive the inter prediction information,
and generate inter prediction results based on the inter prediction information.

[0118]  The intra decoder (772) is configured to receive the intra prediction information,
and generate prediction results based on the intra prediction information.

[0119]  The residue decoder (773) is configured to perform inverse quantization to extract
de-quantized transform coefficients, and process the de-quantized transform coefficients to
convert the residual from the frequency domain to the spatial domain. The residue decoder (773)
may also 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 may be
low volume control information only).

[0120] 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 turn 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.

[0121] It is noted that the video encoders (303), (503), and (603), and the video
decoders (310), (410), and (710) 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.

[0122]  II. Transform Coding Techniques and Related Techniques

[0123] 1. DCT-2 Primary Transform Examples

[0124]  In some embodiments, 4-point, 8-point, 16-point and 32-point DCT-2 transforms
are used as primary transforms. FIGs. 8 A-8D show transform core matrices of 4-point, 8-point,
16-point, and 32-point DCT-2, respectively. Elements of those transform core matrices can be

represented using 8-bit integers, and thus those transform core matrices are referred to as 8-bit
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transform cores. As shown, the transform core matrix of a smaller DCT-2 is a part of that of a
larger DCT-2.

[0125]  The DCT-2 core matrices show symmetry/anti-symmetry characteristics.
Accordingly, a so-called “partial butterfly” implementation can be supported to reduce the
number of operation counts (multiplications, adds/subs, shifts). Identical results of matrix
multiplication can be obtained using the partial butterfly implementation compared with that the
partial butterfly implementation is not used.

[0126] 2. Sub-Block Transform Coding Examples

[0127] 2.1 Sub-Block Transform (SBT)

[0128] In some embodiments, a sub-block transform (SBT), also referred to as spatially
varying transform (SVT), is employed. The SBT is applied to inter prediction residuals in some
embodiments. For example, a coding block can be partitioned into sub-blocks, only part of the
sub-blocks is treated at a residual block. Zero residual is assumed for the remaining part of the
sub-blocks. Therefore, the residual block is smaller than the coding block, and a transform size
in SBT is smaller than the coding block size. For the region which is not covered by the residual
block, no transform processing is performed.

[0129]  FIGs. 9A-9D show sub-block types (SVT-H, SVT-V) (e.g., vertically or
horizontally partitioned), sizes and positions (e.g., left half, left quarter, right half, right quarter,
top half, top quarter, bottom half, bottom quarter) supported in SBT. The shaded regions labeled
by letter “A” are residual blocks to be transform-coded, and the other regions are assumed to be
zero residual without transform.

[0130] 2.2, Intra Sub-Partition (ISP) Coding Mode

[0131]  In some embodiments, an intra sub-partition (ISP) coding mode is employed. In
ISP coding mode, a luma intra-predicted block can be partitioned vertically or horizontally into 2
or 4 sub-partitions. The number of sub-partitions can depend on a size of the block. FIG. 10
shows numbers of sub-partitions depending on the block size. FIG. 11 shows a scenario where a
block is partitioned into two sub-partitions. FIG. 12 shows a scenario where a block is
partitioned into four sub-partitions. In an example, all sub-partitions fulfill a condition of having
at least 16 samples. In an example, ISP is not applied to chroma components.

[0132]  In an example, for each of sub-partitions partitioned from a coding block, a

residual signal is generated by entropy decoding respective coefficients sent from an encoder and
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then inverse quantizing and inverse transforming them. Then, a first one of the sub-partitions is
intra predicted to generate a prediction signal. The prediction signal is added to the respective
residual signal of the first sub-partition to obtain corresponding reconstructed samples.
Thereatfter, the reconstructed sample values of the first sub-partition can be available to generate
a prediction of a second one of the sub-partitions. This process can be repeated sub-partition by
sub-partition, until all sub-partitions from the coding block are reconstructed. In an example, all
the sub-partitions share a same intra mode.

[0133]  In an embodiment, the ISP coding mode is only tested with intra modes that are
part of a most probable mode (MPM) list. Accordingly, if a block uses ISP, then a MPM flag
can be inferred to be one. In addition, when ISP is used for a certain block, then a respective
MPM list will be modified to exclude DC mode and to prioritize horizontal intra modes for the
ISP horizontal split and vertical intra modes for the vertical one.

[0134]  In ISP coding mode, each sub-partition can be regarded as a sub-TU, since the
transform and reconstruction is performed individually for each sub-partition.

[0135] 3. Transform Coding with Expanded DCT-2 Transforms and Multiple
Transform Selection (MTS)

[0136]  In some embodiments, when both the height and width of a coding block is
smaller than or equal to 64 samples, a transform size is always the same as a coding block size.
When either the height or width of a coding block is larger than 64 samples, when performing
transform or intra prediction, the coding block is further split into multiple sub-blocks, where the
width and height of each sub-block is smaller than or equal to 64, and transform processing is
performed on each sub-block.

[0137] 3.1 Transform Coding with Expanded DCT-2 Transforms

[0138]  In some embodiments, in addition to 4-point, 8-point, 16-point and 32-point DCT-
2 transforms described above, 2-point and 64-point DCT-2 transform can be used. FIGs. 13A-
13E show a 64x64 transform core matrix of the 64-point DCT-2 transform.

[0139] 3.2 Explicitly Signaled Transform

[0140] In some embodiments, in addition to DCT-2 and 4x4 DST-7 transform coding, a
multiple transform selection (MTS) (also known as enhanced multiple transform (EMT), or
adaptive multiple transform (AMT)) can be used for residual coding of both inter and intra coded

blocks. The MTS uses multiple selected transforms from discrete cosine transform (DCT) /
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discrete sine transform (DST) families other than the DCT-2 and 4x4 DST-7 transforms. The
selection can be performed at an encoder and explicitly signaled from the encoder to a decoder.
For example, the selected transforms can include DST-7, or DCT-8 transforms. FIG. 14 shows
transform basis functions of DST/DCT transforms. In some embodiments, the DST/DCT
transform core matrices used in MTS are represented with 8-bit representation.

[0141]  In some embodiments, MTS can be applied to CUs with both a width and height
smaller than or equal to 32 samples. Whether to apply MTS or not can be controlled by a flag
denoted by mts_flag. For example, when the mts_flag is equal to 0, only DCT-2 is applied to
coding a residue block. When the mts flag is equal to 1, which indicates MTS is applied,
selected transforms can be used. For example, an index, denoted by mts_idx, can further be
signaled using 2 bins to specify a horizontal and vertical transforms to be used.

[0142]  FIG. 15 shows a table (1500) illustrating a mapping relationship between an
mts_idx value and respective horizontal or vertical transforms. The row (1501) with the mts_idx
having a value of -1 corresponds to a scenario where the mts_flag is equal to 0 (which indicates
MTS is not applied), and DCT-2 transform is used. The rows (1502)-(1505) with the mts_idx
having a value of 0, 1, 2, or 3 correspond to a scenario where the mts_flag is equal to 1 (which
indicate MTS is applied). In the right two columns of the table (1500), O represents a transform
type of DCT-2, 1 represents a transform type of DST-7, and 2 represents a transform type of
DCT-8.

[0143]  FIGs. 16A-16D show transform core matrices of a DST-7 transform type. FIGs.
17A-17D show transform core matrices of a DCT-8 transform type.

[0144]  In some embodiments, MTS can be enabled or disabled using high level syntax
(HLS) elements. Each of the HLS elements can be a video parameter set (VPS) syntax element,
a sequence parameter set (SPS) syntax element, a picture parameter set (PPS) syntax element, a
slice header syntax element, a tile header syntax element, or a tile group header syntax element,
and the like. FIG. 18 shows an example of controlling usage of MTS using SPS syntax elements.
As shown, an SPS syntax element, sps mts_enabled flag, can be signaled to indicate whether an
MTS is enabled for a video sequence. When the MTS is enabled, two syntax elements,
sps_explicit mts intra_enabled flag and sps_explicit mts_inter enabled flag, can be signaled

to indicate whether the MTS is enabled for coding inter or intra predicted blocks, respectively.
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[0145]  In an embodiment, an implicit MTS is applied in case the above signaling based
MTS (referred to as explicit MTS) is not used. With the implicit MTS, a transform selection can
be made according to a block width and height instead of based on signaling. For example, with
an implicit MTS, a DST-7 transform can be selected for a shorter side of a transform block and a
DCT-2 transform can be selected for a longer side of the transform block.

[0146] 3.3 Scenarios Where Implicit Transform Selection Is Applied

[0147]  In various embodiments, for certain scenarios, DST-7 and/or DCT-8 can be used
without being explicitly signaled. For example, DST-7 and/or DCT-8 can be used implicitly
based on information that is available for both an encoder and a corresponding decoder. These
scenarios include:

[0148]  3.3.1 Intra Sub-Partitioning (ISP)

[0149] For a residual block coded with an ISP mode, a horizontal transform is sclected as
DST-7 as long as a block width of the residual block is greater than or equal to 4 and less than or
equal to 16, and a vertical transform is selected as DST-7 as long as a block height of the residual
block is greater than or equal to 4 and less than or equal to 16.

[0150]  3.3.2 Sub-Block Transform (SBT)

[0151] For an SBT mode, for a sub-TU located at the left half (or quarter) or right half
(or quarter) of a current CU, the horizontal transform can be DCT-8 or DST-7, respectively.
Otherwise (a sub-TU has a same width with a current CU), DCT-2 can be used. For a sub-TU
located at the top half (or quarter) or bottom half (or quarter) of a current CU, the vertical
transform can be DCT-8 or DST-7, respectively. Otherwise (a sub-TU has a same height with a
current CU), DCT-2 can be used.

[0152] 3.3.3 MTS Disabled By HLS Elements

[0153]  For example, when the sps mts_enabled flag is signaled as true, but both the
sps_explicit mts intra enabled flag and sps_explicit mts_inter enabled flag are signaled as
false, for intra prediction residuals, a horizontal transform can be selected as DST-7 as long as a
respective block width is greater than or equal to 4 and less than or equal to 16, and a vertical
transform can be selected as DST-7 as long as a respective block height is greater than or equal
to 4 and less than or equal to 16.

[0154] 4. Non-Separable Secondary Transform (NSST)

[0155] 4.1 Initial Design of NSST
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[0156]  In some embodiments, a mode-dependent non-separable secondary transform
(NSST) can be applied between a forward core transform and quantization (at an encoder) and
between a de-quantization and inverse core transform (at a corresponding decoder). To keep low
complexity, an NSST can only be applied to low frequency coefficients after the primary
transform in some embodiments. If both a width (W) and a height (H) of a transform coefficient
block is larger than or equal to 8, then 8x8 non-separable secondary transform can be applied to
a top-left 8x8 region of the transform coefficients block. Otherwise, if either W or H of a
transform coefficient block is equal to 4, a 4x4 non-separable secondary transform can be
applied and the 4x4 non-separable transform is performed on the top-left min(8, W) x min(8, H)
region of the transform coefficient block. The above transform selection rule is applied for both
luma and chroma components.

[0157]  Matrix multiplication implementation of a non-separable transform is described as
follows using a 4x4 input block as an example. To apply the non-separable transform, the 4x4

input block X

Eqg. 1
Xso Xor Xop Xon (Eq- 1)

is represented as a vector X:
)? = [XOO XOl XOZ X03 X10 X11 X12 X13 XZO X21 X22 X23 X30 X31 X32 X33]T

(Eq. 2)
[0158] The non-separable transform is calculated as,

- -

F=T-X, (Eq. 3)
where F indicates the transform coefficient vector, and T is a 16x16 transform matrix. The 16x1

coefficient vector F is subsequently re-organized as a 4x4 block using a scanning order for that
block (horizontal, vertical or diagonal). The coefficients with smaller index will be placed with
the smaller scanning index in the 4x4 coefficient block. In an example, a hypercube-givens
transform (HyGT) with butterfly implementation is used instead of matrix multiplication to
reduce the complexity of non-separable transform.

[0159]  In an example of NSST, there can be totally 35%3 non-separable secondary

transforms for both 4x4 and 88 block size, where 35 is the number of transform sets each
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corresponding to an intra prediction mode, and 3 is the number of NSST candidates for each
intra prediction mode. The mapping from an intra prediction mode to the transform set is
defined in a table (1900) shown in FIG. 19. For example, a transform set applied to
luma/chroma transform coefficients can be specified by the corresponding luma/chroma intra
prediction modes according to the table (1900). For intra prediction modes larger than 34 (e.g.,
diagonal prediction direction), the transform coefficient block is transposed before/after the
secondary transform at the encoder/decoder.

[0160] For each transform set, the selected non-separable secondary transform candidate
is further specified by an explicitly signaled CU-level NSST index. The index is signaled in a
bitstream once per intra CU after transform coefficients and truncated unary binarization is used.
The truncated value is 2 in case of planar or DC mode, and 3 for angular intra prediction mode.
This NSST index is signaled only when there is more than one non-zero coefficient in a CU.

The default value is zero when it is not signaled. Zero value of this syntax element indicates
secondary transform is not applied to the current CU, values 1-3 indicates which secondary
transform from the set should be applied.

[0161] NSST may be not applied for a block coded with a transform skip mode. When
an NSST index is signaled for a CU and not equal to zero, NSST is not used for a block of a
component that is coded with transform skip mode in the CU. When a CU with blocks of all
components are coded in transform skip mode or the number of non-zero coefficients of non-
transform-skip mode CBs is less than 2, the NSST index is not signaled for the CU.

[0162] 4.2 Reduced Size Transform (RST)

[0163] In some embodiments, a variant of NSST, referred to as reduced size transform
(RST), or low-frequency non-separable secondary transform (LFNST), is employed. The RST
uses a transform zero-out scheme. Whether the intra prediction mode is Planar or DC is checked
for entropy coding the transform index of NSST.

[0164]  In an example, 4 transform sets are applied, and each transform set includes three
RST transform cores. The RST transform cores can have a size of 16x48 (or 16x64) (applied for
transform coefficient block with a height and width both being greater than or equal to 8) or
16x16 (applied for transform coefficient block with either height or width being equal to 4). For
notational convenience, the 16x48 (or 16x64) transform is denoted as RST8x8 and the 16x16 one

as RST4x4.
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[0165] For RST8xS, two alternative transform coding processes (2000) and (2100) using
16x64 transform cores and 16x48 transform cores are shown in FIG. 20 and FIG. 21,
respectively. The one using 16x48 transform cores are adopted in VVC Draft 5.

[0166]  In the process (2000) of the FIG. 20 example, at an encoder side, a forward
primary transform (2010) can first be performed over a residual block followed by a forward
secondary transform (2012) over coefficients generated from the forward primary transform
(2010). In the forward secondary transform (2012), the 64 coefficients of the 4x4 sub-blocks
A/B/C/D at the top-left corner of the coefficient block (2013) is represented into a 64-length
vector, and multiplied with a transform matrix of a size of 16x64 according to the equation (Eq.
3), resulting in a 16-length vector. The elements in the 16-length vector are filled back into the
top-left 4x4 sub-block A of the coefficient block (2013). The coefficients in the sub-blocks
B/C/D can take values of zero. The resulting coefficients after the forward secondary transform
2012 are then quantized at the step of (2014), and entropy-coded to generate coded bits in a
bitstream (2016).

[0167]  The coded bits can be received at a decoder side, and entropy-decoded followed
by a de-quantization (2024) to generate a coefficient block (2023). An inverse secondary
transform (2022) can be performed over the 16 coefficients at the top-left 4x4 sub-block E to
obtain 64 coefficients that are filled back to the 4x4 sub-blocks E/F/G/H. Thereafter, the
coefficients in the block (2023) after the inverse secondary transform (2022) can be processed
with an inverse primary transform (2020) to obtain a recovered residual block.

[0168]  The process (2100) of the FIG. 21 example is similar to the process (2000) except
that fewer 48 coefficients are processed during the forward secondary transform (2012).
Specifically, the 48 coefficients in the sub-blocks A/B/C are processed with a smaller transform
matrix of a size of 16x48. Usage of the smaller transform matrix can reduce a memory size for
storing the transform matrix, and respective computation complexity.

[0169] FIG. 22 shows an example CU-level syntax table (2200) where a syntax element
Ifnst_idx indicating a selection of a LENST kernel is signaled at the end of CU-level syntax.

[0170] 4.3 Examples of RST Computation

[0171] The main idea of a Reduced Transform (RT) is to map an N dimensional vector to
an R dimensional vector in a different space, where R/N (R < N) is the reduction factor.

[0172] The RST matrix is an RxN matrix as follows:
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tin tiz ti3 |ty
ta1 ta 23 ton

Tren = : . : (Eq 4)
tr1 trz trz - tgy

where the R rows of the transform are R bases of the N dimensional space. The inverse
transform matrix for RT is the transpose of its forward transform.

[0173]  FIG. 23 shows a process (2301) of a reduced transform and a process (2302) of a
reduced inverse transform. T represents an RST transform matrix having a dimension of RxN,
and T represents a transpose matrix of T having a dimension of NxR.

[0174] In RST8x8, a reduction factor of 4 (1/4 size) is realized. For example, instead of
64x64, which is a conventional 8x8 non-separable transform matrix size, a 16x64 direct matrix is
used. The 64x16 inverse RST matrix is used at the decoder side to generate core (primary)
transform coefficients in 8x8 top-left regions. The forward RST8x8 uses 16x64 (or 8x64 for 8x8
block) matrices so that it produces non-zero coefficients only in the top-left 4x4 region within
the given 8x8 region. In other words, if RST is applied then the 8x8 region except the top-left
4x4 region will have only zero coefficients. For RST4x4, 16x16 (or 8x16 for 4x4 block) direct
matrix multiplication can be applied.

[0175] In addition, for RST8xS, to further reduce the transform matrix size, instead of the
using the whole top-left 8x8 coefficients (shaded sub-blocks in FIG. 24A) of a residual block
(2410) as input for calculating a secondary transform, the top-left three 4x4 sub-block
coefficients (shaded sub-blocks in FIG. 24B) of the residual block (2410) are used as the input
for calculating the secondary transform.

[0176]  In an example, an inverse RST is conditionally applied when the following two
conditions are satisfied: (i) a respective block size is greater than or equal to the given threshold
(W>=4 && H>=4), and (ii) a transform skip mode flag is equal to zero. For example, if both
width (W) and height (H) of a transform coefficient block is greater than 4, then the RST8xS is
applied to the top-left 8x8 region of the transform coefficient block. Otherwise, the RST4x4 is
applied on the top-left min(8, W) x min(8, H) region of the transform coefficient block.

[0177] In an example, when an RST index is equal to 0, RST is not applied. Otherwise,
RST is applied, and a kernel is chosen with the RST index. In an example, RST is applied for
intra CU in both intra and inter slices, and for both luma and chroma. If a dual tree is enabled,

RST indices for luma and chroma are signaled separately. For inter slice (the dual tree is
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disabled), a single RST index is signaled and used for both luma and chroma. When an ISP
mode is selected, RST is disabled, and RST index is not signaled.

[0178] 4.4 An Example of Selection of RST Transform Matrices

[0179] In an example, an RST matrix can be selected from four transform sets, each of
which consists of two transforms. Which transform set is applied can be determined based on an
applied intra prediction mode as follows. When one of three cross component linear model
(CCLM) modes is indicated, transform set 0 can be selected. Otherwise, the transform set
selection can be performed according to a table (2500) shown in FIG. 25. The index to access
the table (2500), denoted by IntraPredMode, can be in a range of [-14, 83], which is a
transformed mode index used for a wide angle intra prediction for example.

[0180] 5. Matrix-Based Intra Prediction (MIP) Mode

[0181] In some embodiments, a matrix-based intra prediction (MIP) mode is employed.
FIG. 26 shows an example process (2600) of the MIP mode. For predicting the samples of a
rectangular block (2610) of width W and height H, an MIP takes one line of H reconstructed
neighboring boundary samples at the left of the block (2610) and one line of W reconstructed
neighboring boundary samples above the block (2610) as input. If the reconstructed samples are
unavailable, the reconstructed samples can be generated in a similar way as in a conventional
intra prediction.

[0182]  Generation of prediction signals can be based on the following three steps from
(2601) to (2603). At the step (2601), out of the boundary samples, four samples in the case of
W=H=4 and eight samples in all other cases are extracted by averaging.

[0183] At the step (2602), a matrix vector multiplication Axbdryreq, followed by addition
of an offset by, is carried out with the averaged samples bdryreq as an input. The result is a
reduced prediction signal on a subsampled set of samples (2621) in the original block. The
matrix Ax and the offset bk can be selected based on an MIP mode index k.

[0184] At the step (2603), the prediction signal at the remaining positions (2622) is
generated from the prediction signal on the subsampled set (2621) by a linear interpolation which
is a single step linear interpolation in each direction.

[0185]  The matrices Ax and offset vectors bk needed to generate the prediction signal can
be taken from three sets Sy, S1,S, of matrices. The set S, consists of 18 matrices Al,i €

{0, ..., 17} each of which has 16 rows and 4 columns and 18 offset vectors biie {0, ..., 17} each
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of size 16. Matrices and offset vectors of that set are used for blocks of size 4 X 4. The set S;
consists of 10 matrices Al,i € {0, ..., 9}, each of which has 16 rows and 8 columns and 10 offset
vectors bl,i € {0, ..., 9} each of size 16. Matrices and offset vectors of that set are used for
blocks of sizes 4 X 8, 8 X 4 and 8 X 8. Finally, the set S, consists of 6 matrices Alie

{0, ..., 5}, each of which has 64 rows and 8 columns and of 6 offset vectors bl,i € {0, ...,5} of
size 64. Matrices and offset vectors of that set or parts of these matrices and offset vectors are
used for all other block-shapes.

[0186]  As shown, given an 8 X 8 block (2610), MIP takes four averages along each axis
of the boundary. The resulting eight input samples enter the matrix vector multiplication. The
matrices are taken from the set S;. This yields 16 samples (2621) on the odd positions of the
prediction block. Thus, a total of (8 - 16)/(8 - 8) = 2 multiplications per sample are performed.
After adding an offset, these samples are interpolated vertically by using the reduced top
boundary samples. Horizontal interpolation follows by using the original left boundary samples.
The interpolation process does not require any multiplications in this case.

[0187] S.1 Signaling of MIP Mode

[0188]  In some embodiments, for each Coding Unit (CU) in intra mode, a flag indicating
if an MIP mode is applied on the corresponding Prediction Unit (PU) or not can be sent in the
bitstream. If an MIP mode is applied, the index predmode of the MIP mode is signaled using an
MPM-list including 3 MPMs.

[0189] The derivation of the MPMs can be performed using the intra-modes of the above
and the left PU as follows. There are three fixed mapping tables map_angular_to_mipjgx, idx €
{0,1,2}, and each table associates each conventional intra prediction mode predmodeapgyiar
with a specific MIP mode, as described in the following formula.

predmodey;p = map_angular_to_mip[predmodes,gyiar]- (Eq. 5)

where map_angular_to_mip is a fixed look-up table. The index of the mapping table is decided
based on the width W and height H of PU, and in total three indices are available, as described
below,

idx(PU) = idx(W, H) € {0,1,2} (Eq. 6)

that indicates from which of the three sets the MIP parameters are to be taken above.
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[0190]  In some examples, to generate the MPM list for current block which is coded by
MIP mode, an above MIP mode, namely mode3r2'¢, and a left MIP mode, namely modelStt,, are
firstly derived.

[0191]  The value of mode$P2"® can be derived as follows:

- Ifthe above PU PU,40ve 18 available, and it belongs to the same CTU where the

current PU resides, and PU 4,4ve 18 coded by MIP using an MIP mode

predmode$l2'® and idx(PU) = idx(PUpove), (Eq. 7)
modeiP2'® = predmodeil3e . (Eq. 8)
MIP p MIP

- Ifthe above PU PU40ve 18 available, and it belongs to the same CTU where the

current PU resides, and PU 4,4ve 1S coded using a conventional intra prediction mode

predmodei%%‘&‘far,
modedf%’e = map_angular_to_mip[predmodeiﬁ’l‘é‘l’l‘far]. (Eq. 9)
- Otherwise,
mode3p%’e = —1 (Eq. 10)

which means that this mode is unavailable.
[0192]  The value of modelStt, is derived in the same way of deriving mode3P2'e but
without checking whether the left PU belongs to the same CTU where the current PU resides.
[0193]  Finally, given the derived mode$l3"® and modelSt, and three pre-defined fixed
default MPM lists list;qy, idx € {0,1,2} each of which contains three distinct MIP modes, an

MPM list is constructed. The MPM list is constructed based on the given default list listjqxcpyy

and mode3f%’¢ and modelStt,, by substituting -1 by default values as well as removing duplicate

MIP modes.

[0194]  As an example, FIG. 27 shows a CU-level syntax table where the flags signaling
MIP modes are shown in a frame (2701).

[0195] 5.2 MPM-List Derivation for Conventional Intra-Prediction Modes

[0196] In some embodiments, the MIP modes are harmonized with the MPM-based
coding of the conventional intra-prediction modes as follows. The luma and chroma MPM-list
derivation processes for the conventional intra-prediction modes uses separate fixed tables

map_mip_to_angular;gy, idx € {0,1,2}, which map an MIP-mode predmodey;p to one of the
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conventional intra-prediction modes,

predmodeyguar = map_mip_to_angular[predmodeyp]. (Eq. 11)

where map_mip_to_angular is a fixed look-up table. For the luma MPM-list derivation,
whenever a neighboring luma block is coded by an MIP mode predmodey;p, this block is

treated as if it was using the conventional intra-prediction mode predmodepgyiar. For the

chroma MPM-list derivation, whenever the current luma block uses an MIP-mode, the same
mapping is used to translate the MIP-mode to a conventional intra prediction mode.

[0197]  III. Implicit Transform Selection Enabling Based on High Level Syntax
Elements or Block Level Syntax Elements

[0198] In some embodiments, two transform coding schemes, implicit transform (or
referred to as implicit transform selection) and explicit transform (or referred to as explicit
transform selection), can be employed.

[0199]  In implicit transform, a group of non-DCT?2 transforms (e.g., DST-1, DCT-5,
DST-7, DCT-8, DST-4, DCT-4) can be selected without transform index signaling. For
example, a group of non-DCT?2 transforms can be selected using already coded information that
is available to both an encoder and a corresponding decoder. The already coded information can
include, but not limited to, intra prediction mode (e.g., planar mode, DC mode, angular modes),
block size, block width, block height, block aspect ratio, block area size, intra coding mode (e.g.,
whether multiple reference line (MRL), ISP, MIP is used), position of selected spatial merge
candidates (e.g., top merge candidate, left merge candidate), inter prediction mode (e.g., inter
position dependent prediction combination (inter-PDPC) mode, combined inter intra prediction
(CIIP) mode).

[0200] In contrast, in explicit transform, one transform can be selected from a group of
transform type candidates (such as DCT-2, DST-1, DCT-5, DST-7, DCT-8, DST-4, DCT-4) with
an index signaled to indicate which transform type is selected.

[0201] 1. Implicit Transform Enabling When Explicit MTS Is Disabled

[0202] In some embodiments, as described in the section 11.3.2, for an intra prediction
residual block which is not coded by ISP, implicit transform selection can be enabled when
explicit MTS is disabled for both intra and inter prediction residual blocks as indicated by high
level syntax (HLS) elements. For example, when SPS syntax elements,
sps_explicit mts intra enabled flag and sps_explicit mts_inter enabled flag, are both 0, a
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decoder can determine to enable the implicit transform selection for pictures or blocks associated
with the SPS syntax elements.

[0203]  As an example, FIGs. 28A-28B in combination show a text (2800) specifying a
transform coding process of performing explicit or implicit transform selection for a current
block based on related syntax elements received from a bitstream. The text (2800) can be used
as a part of a video coding standard. Two sections (2801) and (2802) are shown in FIG. 28A,
and one section (2803) and two tables (2804) and (2805) are shown in FIG. 28B.

[0204]  In the section (2801), inputs to and output of the transform coding process are
described. Specifically, location, size, color component, inverse-quantized transform
coefficients of the current block are the inputs, and residual samples after an inverse transform
processing using selected transforms are the output.

[0205] In the section (2802), derivation of a variable, denoted by implicitMtsEnabled, is
described. The variable indicates whether implicit selection is enabled. As described, if an SPS
syntax element, sps_mts_enabled_flag, is equal to 1 (which indicates MTS is enabled for
pictures or blocks associated with this SPS syntax element), implicitMtsEnabled is equal to 1
when one of the three following conditions is true: (i) an ISP is used for coding the current block;
(i1} SBT is enabled and both sides of the current block is smaller or equal to 32, which indicates
SBT is used; or (iii) sps_explicit mts intra enabled flag and
sps_explicit mts_inter enabled flag are both equal to 0 (which indicates explicit MTS is
disabled for both intra and inter coded blocks), and the current block is intra coded. Otherwise,
implicitMtsEnabled is set equal to 0, which indicating implicit transform selection is disabled for
the current block.

[0206]  As described in the section (2802), according to condition (i), for an intra
predicted block coded with an ISP mode, implicit transform can be enabled for coding this intra
predicted block. According to condition (iii), for an intra predicted block not coded with an ISP
mode, when explicit MTS is disabled for both intra and inter predicted blocks, implicit transform
can be enabled for coding the intra predicted block not coded with the ISP mode.

[0207] In the section (2803), vertical and horizontal transforms are determined according
to the variable implicitMtsEnabled, the inputs to the process, and the related syntax elements.
For example, when both sps_explicit mts intra_enabled flag and

sps_explicit mts_inter enabled flag are equal to 0, the current block (that is of luma component
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and intra predicted) can be given a horizontal transform kernel (indicated by trTypeHor) and a
vertical transform kernel (indicated by trTypeBer) according to expressions (3-1) and (3-2),
respectively.

[0208] In the tables (2804) and (2805), the numbers 1 and 2 for indicating horizontal or
vertical transform kernel types indicate a DST-7 transform and a DCT-8 transform, respectively,
while the number 0 indicates a DCT-2 transform. In some examples, DST-4 transforms can be
used in place of the DST-7 transforms.

[0209] In the examples of FIGs. 28 A-28B, for blocks controlled by the HLS elements
sps_explicit mts intra_enabled flag and sps_explicit_ mts_inter enabled flag, explicit MTS for
inter coded blocks and implicit transform for intra coded blocks (non-ISP coded) cannot be
coexist. However, implicit transform selection on intra prediction residual block does not need
to be necessarily dependent on a HLS element (e.g., sps_explicit_ mts_inter enabled flag)
controlling MTS enabling for inter prediction residuals. Thus, in some embodiments, for an
intra-coded block which is not predicted by ISP mode, whether implicit transform can be applied
depends on whether MTS can be applied for intra prediction residual (e.g., a value of
sps_explicit mts_intra_enabled flag), but does not depend on whether MTS can be applied for
inter prediction residual (a value of sps_explicit mts_inter _enabled flag). With such a control
mechanism, it is allowed to have inter MTS (explicit MTS applied to an inter predication
residual block) and implicit transform (for intra prediction residuals) both enabled
simultaneously.

[0210]  For example, a first and second HLS elements can be received at a decoder. The
first and second HLS elements control a same set of pictures or regions (e.g., a vide sequence, a
picture, a slice, a tile, and the like) that can include intra coded residual blocks and inter coded
residual blocks. The first HLS element indicates whether explicit MTS is enabled or disabled for
the respective intra coded residual blocks, while the second HLS element indicates whether
explicit MTS is enabled or disabled for the respective inter coded residual blocks. With respect
to the term of inter MTS, an explicit MTS applied to an intra coded residual block can be
referred to as an intra MTS.

[0211] When the first HLS element indicates explicit MTS is disabled for the intra coded
residual blocks, the decoder can accordingly determine to enable implicit transform (or implicit

MTS) for the intra coded blocks without considering a value of the second HLS element. For
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example, the second HLS element can be either 0 or 1, which does not affect the enabling of the
implicit transform for the intra coded residual block.

[0212] As an example, FIG. 29 shows modifications (2900) to the text (2800) that
correspond to the implicit transform enabling scheme where implicit transform for intra residual
blocks and explicit transform for inter residual blocks can coexist. In the modifications (2900), a
removed text is marked with a strikethrough, while an added text is marked with an underline.
As shown, the condition of sps_explicit mts_inter enabled flag being 0 has been removed.

[0213] 2. Implicit Transform Disabling When Other Coding Tools Are Enabled

[0214]  In some embodiments, whether an implicit transform can be applied to an intra
coded block (that is not predicted by ISP mode) depends on whether a specific coding tool is
enabled as indicated by a HLS element.

[0215] 2.1 When NSST Is Enabled

[0216] In an embodiment, an implicit transform can be disabled for an intra coded block
(that is not predicted by ISP mode) when a HLS element indicates NSST is enabled. For
example, as described in the section 11.4.1, the transform matrix T is used in the equation (Eq. 3)
for the secondary transform processing. The transform matrix T can include constant elements,
and be designed with an assumption of a certain statistics of targeted coefficient blocks, such as
coefficient blocks resulting from an explicit transform selection. Thus, a coefficient block
resulting from an implicit transform selection may not match with the NSST in terms of statistics
of respective coefficients. For example, applying an NSST to results of an implicit transform
may not improve coding performance. For the above reason, disabling implicit transform when
NSST is enabled may be desirable.

[0217]  In this disclosure, the term NSST can be used to refer to a family of non-separable
secondary transform coding schemes, such as the initial design of NSST, RST, LFNST, or the
like.

[0218]  For example, a decoder may receive two HLS elements: one HLS element (e.g.,
sps_explicit mts intra enabled flag) indicates explicit MTS is disabled, while the other HLS
element (e.g., sps_lfnst_enabled flag) indicates an NSST is enabled. Accordingly, the decoder
can determine not to enable an implicit transform for intra coded blocks controlled by those two

HLS elements. In contrast, if one HLS element indicates explicit MTS is disabled, and the other
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HLS element indicates an NSST is also disabled, the decoder can determine to enable an implicit
transform for respective intra coded blocks.

[0219] As an example, FIG. 30 shows modifications (3000) to the text (2800) that
correspond to a scenario where an implicit transform is enabled when an NSST is disabled. As
shown, an additional restriction, “sps_lfnst enabled flag is equal to 0”, is added to the condition
(1i1) for deriving the variable implicitNtsEnabled.

[0220] 2.2 When MIP Is Enabled

[0221] Similar to the scenario where an NSST is enabled, in some embodiments, implicit
transform is disabled for an intra coded block (that is not predicted by ISP mode) when a HLS
element indicates an MIP is enabled. For example, applying an MIP intra coding mode to a
block may resulting in a residual block having different statistics from residual blocks coded
with regular intra modes. Thus, a residual block coded with MIP may not match with implicit
transform which may assume residual statistics resulting from regular intra modes. Therefore,
disabling implicit transform may be desirable when an MIP is enabled.

[0222]  For example, a decoder may receive two HLS elements: one HLS element (e.g.,
sps_explicit mts intra enabled flag) indicates explicit MTS is disabled, while the other HLS
element (e.g., sps_mip_enabled flag) indicates an MIP is enabled. Accordingly, the decoder can
determine not to enable an implicit transform for intra coded blocks controlled by those two HLS
elements. In contrast, if both the explicit MTS and the MIP are disabled as indicated by the two
HLS elements, the decoder can determine to enable an implicit transform for respective intra
coded blocks.

[0223] As an example, FIG. 31 shows modifications (3100) to the text (2800) that
correspond to a scenario where an implicit transform is enabled when an MIP is disabled. As
shown, an additional restriction, “sps_mip_enabled_flag is equal to 07, is added to the condition
(1i1) for deriving the variable implicitNtsEnabled.

[0224] 3. Implicit Transform Enabling Based on Block Level Syntax Element
indications

[0225]  In some embodiments, whether an implicit transform can be applied to an intra
coded block (that is not predicted by ISP mode) depends on whether MTS, NSST or MIP is
applied to the intra coded block as indicated by block level syntax elements.

[0226] 3.1 When MTS And NSST Are Not Applied
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[0227]  In an embodiment, whether implicit transform can be applied to an intra coded
block depends on whether both MTS and NSST are not applied to the intra coded block as
indicated by block level syntax elements.

[0228]  For example, a decoder can receive a first and second CU level (or block level)
syntax elements associated with a current block that is intra coded and not predicted by ISP
mode. The current block may be located at a position of coordinates [ x0 ] [ yO ] within a
picture.

[0229] The first CU level syntax element (e.g., tu mts idx[ x0 ] [ yO ]) may indicate
DCT-2 transforms can be used for the current block instead of transforms used in MTS (e.g.,
DST-7, DCT-8, DCT-4, or the like). As an example, in the table (2804), when tu_mts_idx[ x0 ] [
y0 ] has a value of 0, the variables of trTypeHor and trTypeVer both have a value of 0, which
indicates the horizontal and vertical transforms are DCT-2 transforms, and no DST-7 or DCT-8
transforms are applied. The second CU level syntax element (e.g., Ifnst idx [ x0 ][ yO0 ]) may
indicate NSST is not applied to the current block. Based on the above first and second CU level
syntax elements, the decoder can determine to enable an implicit MTS for the current block.

[0230] In contrast, if the first and second CU level syntax elements indicate MTS is
applied (tu_mts_idx[ x0 ] [ yO ] has a value of 1, 2, 3, or 4), or NSST is applied (Ifnst idx [ x0 ] [
y0 ] has a non-zero value), the decoder can determine to disable an implicit MTS.

[0231] As an example, FIG. 32 shows modifications (3200) to the text (2800) that
correspond to a scenario where both MTS and NSST are not applied to a current block. As
shown, the original condition (iii) in the text (2800) is replaced with a condition that two CU
level syntax elements “tu_mts idx[ x0 ][ y0 ] and Ifnst_idx[ x0 ][ yO ] are both equal to 0.

[0232] 3.2 When MTS, NSST, And MIP Are Not Applied

[0233]  In an embodiment, whether implicit transform can be applied to an intra coded
block depends on whether MTS, NSST, and MIP are not applied to the intra coded block as
indicated by block level syntax elements. Compared with the section II1.3.1, one more coding
tool, MIP, is additionally considered.

[0234]  For example, a decoder can receive a first, second, and third CU level (or block
level) syntax elements associated with a current block that is intra coded and not predicted by
ISP mode. The current block may be located at a position of coordinates [ x0 ] [ yO ] within a

picture.
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[0235]  The first CU level syntax element (e.g., tu_mts_idx[ x0 ] [ y0 ]) may indicate
DCT-2 transforms can be used for the current block instead of transforms used in MTS. The
second CU level syntax element (e.g., Ifnst_idx [ x0 ] [ y0 ]) may indicate NSST is not applied to
the current block. The third CU level syntax element (e.g., tu_mip_flag) may indicate MIP is not
applied to the current block. Based on the above three CU level syntax elements, the decoder
can determine to enable an implicit MTS for the current block.

[0236]  In contrast, if the above three CU level syntax elements indicate MTS is applied
(tu mts_idx[ x0 ][ yO ] has a value of 1, 2, 3, or 4), NSST is applied (Ifnst idx [ x0 ][ y0 ] has a
non-zero value), or MIP is applied (tu_mip flag has a value of 1), the decoder can determine to
disable an implicit MTS.

[0237]  Asanexample, FIG. 33 shows modifications (3300) to the text (2800) that
correspond to a scenario where none of MTS, NSST, or MIP is applied to a current block. As
shown, the original condition (iii) in the text (2800) is replaced with a condition that three CU
level syntax elements “tu_mts idx[ x0 ][ yO ], intra_mip flag[ x0 ][ yO ] and Ifnst idx[ x0 ][ yO ]
are all equal to 0”.

[0238] 4. Examples of Transform Coding Processes

[0239]  FIGs. 34-36 show flow charts of transform coding processes (3400), (3500), and
(3600) according to some embodiments of the disclosure. The processes (3400), (3500), and
(3600) can be used in inverse transform processing at a decoder to generate a residual block for a
block under reconstruction. In various embodiments, the processes (3400), (3500), and (3600)
can be executed by processing circuitry, such as the processing circuitry in the terminal devices
(210), (220), (230) and (240), the processing circuitry that performs functions of the video
decoder (310), the processing circuitry that performs functions of the video decoder (410), and
the like. In some embodiments, the processes (3400), (3500), and (3600) can be implemented in
software instructions, thus when the processing circuitry executes the software instructions, the
processing circuitry performs the processes (3400), (3500), and (3600).

[0240] 4.1 The process (3400): Implicit Transform Enabling When Explicit MTS Is
Disabled

[0241] The process (3400) starts from (S3401), and proceeds to (S3410).

[0242] At (S3410), a first HLS element is received at a decoder. The first HLS element

can indicate whether an explicit MTS is disabled for an intra coded block. For example, the intra
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coded block is under reconstruction, and thus can be referred to as a currant block. The first
HLS element may be associated with a set of coding blocks that include the current block.

[0243] At (S3420), a second HLS element is received at the decoder. The second HLS
element can indicate whether an explicit MTS is enabled for an inter coded block. For example,
the second HLS element can be associated with the same set of coding blocks as the first HLS
element. Both the current block and the inter coded block are included in the set of coding
blocks.

[0244] At (S3430), the decoder can determine to enable implicit MTS for the current
block when the first HLS element indicates the explicit MTS is disabled for the intra coded
block, and the second HLS element indicates the explicit MTS is enabled for the inter coded
block. The process (3400) can proceed to (S3499), and terminates at (S3499).

[0245] 4.2 The Process (3500): Implicit Transform Disabling When Other Coding
Tools Are Enabled

[0246] The process (3500) starts from (S3501), and proceeds to (S3510).

[0247] At (S3510), a first HLS element is received at a decoder. The first HLS element
can indicate whether an explicit MTS is enabled for an intra coded block. The intra coded block
can be a block under reconstruction. The first HLS element controls a set of coding blocks
including the intra coded block.

[0248] At (S3520), a second HLS element is received at the decoder. The second HLS
element can indicate whether an NSST or MIP is disabled for the intra coded block. For
example, the second HLS element can control the same set of coding blocks as the first HLS
element.

[0249] At (S3530), the decoder can determine whether to enable an implicit MTS for
processing the intra coded block based on the first and second HLS elements. For example, the
decoder can determine to enable the implicit MTS for the intra coded block when the first HLS
element indicates the explicit MTS is disabled for the intra coded block, and the second HLS
element indicates the NSST or the MIP is disabled for the intra coded block. Alternatively, the
decoder can determine to disable the implicit MTS for the intra coded block when the first HLS
element indicates the explicit MTS is disabled for the intra coded block, but the second HLS
element indicates the NSST or the MIP is enabled for the intra coded block. The process (3500)
can proceed to (S3599), and terminates at (S3599).
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[0250] 4.3 The Process (3600): Implicit Transform Enabling Based on Block Level
Syntax Element Indications

[0251] The process (3600) starts from (S3601), and proceeds to (S3610).

[0252] At S(3610), an intra coded block is received at a decoder. The intra coded block
can be associated with a first block level syntax element indicating whether an MTS is applied,
and a second block level syntax element indicating whether an NSST is applied. For example,
the intra coded block belongs to a CU that includes CU level syntax elements including the first
and second block level syntax elements.

[0253] At (S3620), the decoder can determine whether to enable an implicit MTS for the
intra coded block based on the first and second block level syntax elements. For example, the
decoder can determine to enable the implicit MTS for the intra coded block when the first block
level syntax element indicates the MTS is not applied, and the second block level syntax element
indicates the NSST is not applied. Alternatively, the decoder can determine to disable the
implicit MTS for the intra coded block when the first block level syntax element indicates the
MTS is not applied, but the second block level syntax element indicates the NSST is applied.
The process (3600) can proceeds to (S3699), and terminates at (S3699).

[0254] IV. Computer System

[0255]  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. 37 shows a computer system suitable for implementing certain embodiments
of the disclosed subject matter.

[0256]  The computer software can be coded using any suitable machine code or
computer language, that may be subject to assembly, 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 like.

[0257]  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.

[0258]  The components shown in FIG. 37 for computer system are exemplary in nature

and are not intended to suggest any limitation as to the scope of use or functionality of the
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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 illustrated in the exemplary embodiment of a computer
system.

[0259]  Computer system 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), audio 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 necessarily directly related to
conscious input by a human, such as audio (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).

[0260]  Input human interface devices may include one or more of (only one of each
depicted): keyboard (3701), mouse (3702), trackpad (3703), touch screen (3710), data-glove (not
shown), joystick (3705), microphone (3706), scanner (3707), camera (3708).

[0261] Computer system may also include certain human interface 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
(3710), data-glove (not shown), or joystick (3705), but there can also be tactile feedback devices
that do not serve as input devices), audio output devices (such as: speakers (3709), headphones
(not depicted)), visual output devices (such as screens (3710) to include CRT screens, LCD
screens, plasma screens, OLED screens, each with or without touch-screen input capability, each
with or without tactile feedback capability—some of which may be capable to output two
dimensional visual output or more than three dimensional output through means such as
stereographic output; virtual-reality glasses (not depicted), holographic displays and smoke tanks
(not depicted)), and printers (not depicted).

[0262]  Computer system can also include human accessible storage devices and their
associated media such as optical media including CD/DVD ROM/RW (3720) with CD/DVD or
the like media (3721), thumb-drive (3722), removable hard drive or solid state drive (3723),
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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.

[0263] 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.

[0264] Computer system can also include an interface (3754) to one or more
communication networks (3755). Networks can for example be wireless, wireline, optical.
Networks can further be local, wide-area, metropolitan, vehicular and industrial, real-time, delay-
tolerant, and so on. Examples of networks include local area networks such as Ethernet, wireless
LAN:Ss, 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
peripheral buses (3749) (such as, for example USB ports of the computer system); others are
commonly integrated into the core of the computer system by attachment to a system bus as
described below (for example Ethernet interface into a PC computer system or cellular network
interface into a smartphone computer system). Using any of these networks, computer system
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.

[0265]  Aforementioned human interface devices, human-accessible storage devices, and
network interfaces can be attached to a core (3740) of the computer system.

[0266]  The core (3740) can include one or more Central Processing Units (CPU) (3741),
Graphics Processing Units (GPU) (3742), specialized programmable processing units in the form
of Field Programmable Gate Areas (FPGA) (3743), hardware accelerators for certain tasks
(3744), and so forth. These devices, along with Read-only memory (ROM) (3745), Random-
access memory (3746), internal mass storage such as internal non-user accessible hard drives,
SSDs, and the like (3747), may be connected through a system bus (3748). In some computer

systems, the system bus (3748) can be accessible in the form of one or more physical plugs to
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enable extensions by additional CPUs, GPU, and the like. The peripheral devices can be
attached either directly to the core’s system bus (3748), or through a peripheral bus (3749).
Architectures for a peripheral bus include PCI, USB, and the like.

[0267] CPUs (3741), GPUs (3742), FPGAs (3743), and accelerators (3744) can execute
certain instructions that, in combination, can make up the aforementioned computer code. That
computer code can be stored in ROM (3745) or RAM (3746). Transitional data can be also be
stored in RAM (3746), whereas permanent data can be stored for example, in the internal mass
storage (3747). 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 (3741), GPU
(3742), mass storage (3747), ROM (3745), RAM (3746), and the like.

[0268]  The computer readable media can have computer code thereon for performing
various computer-implemented operations. The media and computer code can be those specially
designed and constructed for the purposes of the present disclosure, or they can be of the kind
well known and available to those having skill in the computer software arts.

[0269]  As an example and not by way of limitation, the computer system having
architecture, and specifically the core (3740) can provide functionality 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 (3740) that are of non-transitory nature, such as core-internal mass storage (3747) or
ROM (3745). The software implementing various embodiments of the present disclosure can be
stored in such devices and executed by core (3740). A computer-readable medium can include
one or more memory devices or chips, according to particular needs. The software can cause the
core (3740) and specifically the processors therein (including CPU, GPU, FPGA, and the like) to
execute particular processes or particular parts of particular processes described herein, including
defining data structures stored in RAM (3746) and modifying such data structures according to
the processes defined by the software. 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 (3744)), 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-
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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 software.

Appendix A: Acronyms
AMT: Adaptive Multiple Transform
ASIC: Application-Specific Integrated Circuit
BMS: benchmark set
CANBus: Controller Area Network Bus
CCLM: Cross-Component Linear Model
CD: Compact Disc
COT: Compound Orthonormal Transform
CPUs: Central Processing Units
CRT: Cathode Ray Tube
CTBs: Coding Tree Blocks
CTUs: Coding Tree Units
CU: Coding Unit
DVD: Digital Video Disc
EMT: Enhanced Multiple Transform
FPGA: Field Programmable Gate Areas
GOPs: Groups of Pictures
GPUs: Graphics Processing Units
GSM: Global System for Mobile communications
HDR: high dynamic range
HEVC: High Efficiency Video Coding
HLS: High-Level Syntax
HRD: Hypothetical Reference Decoder
IBC: Intra Block Copy
IC: Integrated Circuit
IDT: Identity transform
ISP: Intra Sub-Partitioning
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JEM: joint exploration model

JVET: Joint Video Exploration Team

KLT: Karhunen—Loé¢ve Transform

LAN: Local Area Network

LCD: Liquid-Crystal Display

LFNST: Low-Frequency Non-Separable Secondary Transform
LTE: Long-Term Evolution

MIP: Matrix-based Intra Prediction Mode
MRL (or MRLP): Multiple reference line prediction
MTS: Multiple Transform Selection

MV: Motion Vector

NSST: Non-Separable Secondary Transform
OLED: Organic Light-Emitting Diode

PBs: Prediction Blocks

PCI: Peripheral Component Interconnect
PLD: Programmable Logic Device

PPS: Picture Parameter Set

PU: Prediction Unit

RAM: Random Access Memory

ROM: Read-Only Memory

RST: Reduced-Size Transform

SBT: Sub-block Transform

SDR: standard dynamic range

SEI: Supplementary Enhancement Information
SNR: Signal Noise Ratio

SPS: Sequence Parameter Set

SSD: solid-state drive

SVT: Spatially Varying Transform

TSM: Transform Skip Mode

TUs: Transform Units,

USB: Universal Serial Bus
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VPS: Video Parameter Set
VUI: Video Usability Information
VVC: versatile video coding

[0270] 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 able 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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The claims defining the invention are as follows:

1. A method of video decoding at a video decoder, comprising;:

receiving a first high level syntax (HLS) element indicating whether an explicit multiple
transform selection (MTS) is enabled or disabled for a first block that is an intra coded block,
wherein transform type information indicating a transform type is derived in the explicit MTS;

receiving a second HLS element indicating whether the explicit MTS is enabled or
disabled for a second block that is an inter coded block, wherein the first and second HLS
elements control a same set of coding blocks that include the first block and the second block;
and

enabling an implicit MTS for the first block when the first HLS element indicates the
explicit MTS is disabled for the first block without considering whether the second HLS element
indicates the explicit MTS is enabled or disabled for the second block, wherein no transform type

information is signaled by the implicit MTS.

2. The method of claim 1, further comprising:
applying the implicit MTS to the intra coded block, wherein a transform type for

processing the intra coded block is determined according to a size of the intra coded block.

3. The method of claim 1, wherein the first or second HLS element is one of:
a video parameter set (VPS) syntax element,

a sequence parameter set (SPS) syntax element,

a picture parameter set (PPS) syntax element,

a slice header syntax element,

a tile header syntax element, or

a tile group header syntax element.

4. The method of claim 1, wherein the intra coded block is not coded with an intra sub-

partitioning (ISP) mode.

5. The method of claim 1, further comprising;:
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receiving a third HLS element indicating an MTS is enabled for each of the inter and

intra coded blocks.

6. The method of claim 1, wherein the transform type information is derived based on an

MTS index signaled in the explicit MTS.

7. A method of video decoding at a video decoder, comprising:

receiving a first high level syntax (HLS) element indicating whether an explicit multiple
transform selection (MTS) is enabled or disabled for an intra coded block, wherein transform
type information indicating a transform type is derived in the explicit MTS;

receiving a second HLS element indicating whether a Non-separable Separable
Secondary Transform (NSST) or matrix-based intra prediction (MIP) is disabled or enabled for
the intra coded block; and

enabling an implicit MTS for the intra coded block when both a first condition and a
second condition are satisfied, the first condition being the first HLS element indicates the
explicit MTS is disabled for the intra coded block, the second condition being the second HLS
element indicates the NSST or the MIP is disabled for the intra coded block, wherein no

transform type information is signaled by the implicit MTS.

8. The method of claim 7, further comprising:

disabling the implicit MTS for the intra coded block when the first HLS element
indicates the explicit MTS is disabled for the intra coded block, and the second HLS element
indicates the NSST or the MIP is enabled for the intra coded block.

9. The method of claim 7, wherein the enabling includes:

enabling the implicit MTS for the intra coded block when the first HLS element
indicates the explicit MTS is disabled for the intra coded block, and both the NSST and the MIP
are disabled for the intra coded block as indicated by the second HLS element and a third HLS

element, respectively.

10. The method of claim 7, further comprising:
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applying the implicit MTS to the intra coded block.

11. The method of claim 7, wherein the first or second HLS clement is one of:
a video parameter set (VPS) syntax element,

a sequence parameter set (SPS) syntax element,

a picture parameter set (PPS) syntax element,

a slice header syntax element,

a tile header syntax element, or

a tile group header syntax element.

12. The method of claim 7, wherein the intra coded block is not coded with an intra sub-

partitioning (ISP) mode.

13. The method of claim 7, wherein the transform type information is derived based on

an MTS index signaled in the explicit MTS.

14. A method of video decoding at a video decoder, comprising:

receiving an intra coded block associated with a first block level syntax element
indicating whether a multiple transform selection (MTS) is applied, and a second block level
syntax element indicating whether a non-separable secondary transform (NSST) is applied; and

enabling an implicit MTS for the intra coded block when both a first condition and a
second condition are satisfied, the first condition being that the first block level syntax element
indicates the MTS is not applied, the second condition being that the second block level syntax
element indicates the NSST is not applied, wherein no transform type information is signaled by

the implicit MTS.

15. The method of claim 14, further comprising:
disabling the implicit MTS for the intra coded block when the first block level syntax
element indicates the MTS is not applied, and the second block level syntax element indicates

the NSST is applied.
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16. The method of claim 14, wherein the intra coded block is associated with a third

block level syntax element indicating whether a matrix-based intra prediction (MIP) is

applied, and

the enabling further includes enabling the implicit MTS for the intra coded block when
the first block level syntax element indicates the MTS is not applied, the second block level
syntax element indicates the NSST is not applied, and the third block level syntax element

indicates the MIP is not applied.

17. The method of claim 16, further comprising:

disabling the implicit MTS for the intra coded block when the first block level syntax
element indicates the MTS is not applied, and either the second block level syntax element
indicates the NSST is applied or the third block level syntax element indicates the MIP is
applied.

18. The method of claim 14, wherein the first block level syntax element indicates the
MTS is not applied by indicating DCT-2 transforms are to be used for processing the
intra coded block.

19. The method of claim 14, further comprising:
applying the implicit MTS to the intra coded block.

20. The method of claim 14, wherein the intra coded block is not coded with an intra sub-

partitioning (ISP) mode.
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Transform basis functions of DUT-2, DST-7 and DCT-8 for N-point input

Transform Type Rasis function T0), i, L, N
. ; wei- {2+ 1)
Ty = oy W COs oY )

DOT2 N

NOT e {204 1) (2F + N
L}{wl‘IQ‘S P‘; & el § B - E
) JIN T Cos i\ yrn j

FIG. 14

mts wds Transform Type Transform type
Horzontal Vertical

D g
-1 — N 1501
| 1 i
0 — 1502

Lk
[
b

pd
un
e}
u

Transform Type
0-DCT2
1-DST7
2-DCT8

FIG. 15




PCT/US2020/034271
20/39

WO 2020/251743

} OId

RIS LLTLI99TY 0S 6F T TECCT LT 6 8

Yooy o gy b
136 68 L8
"mw e (17} ,,_H «Vw «.m,. ..w e.wm 7 Mﬂ Sy .—\w “m J& 5 Nw D\ﬁuﬂkw

¥ £ F oo, P E 2 4~ Fy £ F 4 4§ # o £ Fy, rs Y
H C s - 4 W e g ‘i { g- 3 [
F f £ $ Lyy 2 55, 7 8 1ey i - z ¢ .3 F. e ¥ oy, 4
£y 3 ‘L 13- R ¢ D e A P s B - P %

§ oo - § - z- ¥ PN - 2 $ - i § o P £ o s 5 - 7 s 4
S S ¢ | R ¢ 3 T i L 70 > Fo 70 - "%

£ e & g £q0 & i e FEYs EET o £ ra £y Fyn £ oy F e £ ¥ K
{45 [ ‘u B e 7Y e '% O f~ ‘o L w77 de 'y}

b, e -, 4 3 £ 4 %
w Coy . Hypy nﬂ.m,k “.MM\E ,«sm “H«HE o # A Zyy Mm.\_ NW L% PR S ) £y . nm.\» }

PR | P $ - & - e £ - e & & - £ - P & - %
{43 G D 3 Y ] P e Fe f7e AT
- F ‘1 5w £ 5 4~ Fe £~ Fasn # 4 5, £ o F o rs K
Pro- 7Y G < 4 - 3 T R T~ @~ U}

Faon 1 f~ 4 F i F e 4 £ Fyq a4 i
£’y T~ ‘- ‘L g 47 o 1 G- e o}
p$ e £y § -a N 5 e z- 2 £ ey 7 4
P07 £ i e A 1 HE ] o §
- ‘ = 3 . ; (4 Fe

f s -5 e F ooy - F . e 3 e - . K
M 4 £ Aoy »mwﬁi $ m w\n .f.x»t. \._“cw ‘ 7 P Wumxt i F Fyr 3

& ¥ o 2 £ # &~z F 2 ¥ $e # E
{99~ 7¢ X £ He Y b £ K- 0 x4

P £ - &+ L P $ -, & - £ o & - %
{77 o Fee 3 ¥ Tie f 3 £ H
LT . {1 t 3 3 .

Fgq £ P £~ ¥ 4 4 £ o 7 2 £ %
g i o 7 I 7 [} i G- T ) §

& 5 1 ok i 4 % p 7

Fog ¢ P 3 4 ¥4 ¢ ¢ £y ¢ P :
S T Be fZ- fHe Y- - 54 W Q &
; $og. A T o Ao el g $omy £ 7 20y i T 2oy 7 o %

: - 3 : {1 - 4 ; ; Y o0}
{4 Ao fu fwmr ft Yy 4L Hotz s ' o tg %

T-ISA Wod-oT

=4 B e P g vl caom q@ F " Q ‘ ‘

- TS R S T T B
2 e wmee Fm gl 4
§.. fyy g Ly 4P Fgp A 4y } ¥ i EI O 1 ¥ A by Suad s
i X - & : T a3 Ty YA
3 PR T~ (% L2 X2 3

P st 43 tg . e ¥R VL OSE 6L 4 f 1%,
H - 4 -~ = i
e do u fm e pe Yo 4B} R S < B
- S+ P S " T RS- foop Ao fme fp
[7Fe ipe fma ‘0 ‘x 2yy 7 5oy 3 H (] oS T

; i 4 B y P
4 B f fm f Ao Yy w b i 477 i

RS Edg SRR s



PCT/US2020/034271
21/39

WO 2020/251743

asglt ‘Oid

Mmmn@a3m“mwnmw@w“mm“%w“mwdm“mmpi,wm.mmnmmdm“m@am@“mm.nm.\_mm
CEPTPREPENEOT I LIS I s Y b=l Ay IZA Y maany s b drornrmy g By e p 0ty el arogm

- 7. o, . - . . e 2 ¥ o o K ome £ i £ Fas e F Fopr Fope [ Ly Z - F £
g I3 e TR fme fy Ve 2 ‘3 e % e i G % e fn G 1% Ao Py Foe L e T2 L ‘%
- - = £ P < £, £ =, 2 £ x & s Ea N ¥ 85 & oy T H F s L4 £ Vg ¥ &
Ee] TFee L i 4 fho TE Yeh S 6 S T =) T TN j o 23 e Arn S~ 4 o e [ 7 Y e 3
il 2 - 2, . £, £ P ¥ £ ’ 2~ e £ o ¥ s, £ o Loue Fa2N £ £om, £ 7o 2 4 $o s 3
4 e 7 T PR - T Ze~ TG e T4 L = o W TIX T Bon TH e Tl e ¥ e Z T F b
H 3 - P ¥ o . . s, £ew e y £ o e s £ £ 455, £ s, ¥ X L s 2, ¥ s
1 e T3 a0 SR Tw T ‘o B Tz g PR Lo Foy % e 7 Foee A B T o Yy}
e . & 4 ~, - oS £ a IS & Ere ~, Ixs 7 S < s 7, ¥
v - - LY ¢ A . ¢ A o, s -, £y 7 P ¢ £33, A EETd
SR A U SRS VS S - R 5 e A R 2. e B e B Yo e ¥
R £ x»J i 2y .,R». £z 15 k.mﬂ .?ﬁ £ £y N \Nh.w 2 7. 5o £ L e 3
J ] e 7 e w fz Fiw : . fae ‘0 fre - g ’% e e
by . 25 - £ Fopy £ 5p o o e . £any ’ o £ o 47, 4 F 3
ity fme A e TBe o fze ] o g Y » T Fem - R I
- g s " ” T, £ e A oo rEs £ o, £ g Ty ¥ A, 7
I P e Ao 44 ) i Tt tu.. Y e L 7 e 4 b Tie ¥
[ e # & & oy r » ¥ £ - s # & & e £ - 4 3 _ B s 9 %
£70 Cge Co s YE. 7y g e Lo %G o B VA 3 £ . b
s oo § v rs ’ » 3 & . ¥ Lo, * Fon %
%o W F7 % 3~ s . W = Ltens A ~ Lo ¥
s 7 ¥ o £ o Fl o P Ly A 2445 P A F e, 3
4 Z e e Mo X I ' 3 % = 3 3 = H
W Yz ‘o fm ue e g ‘s we }
e PP i e THe T Fug. g L LE7 H
PrL he o 7y 8 oo o™ ‘n E et ry PX Lt Y 3
£ L A = 1 7 3 A = i1
X3 & ¥ 2o, Frew L L 4 - L ¥ -, Foamg £ o 2y 2 o £ =
e S “ % A B 7z 3 e e g Tme TEe X
e 3 >, & H ¥ €5 e e &
‘e e B Ee e fm o S A A R T ) %3
- . - £ LY oy o s 2ya > < £ I = A
T K W ‘T '3 e W e Y- ' ke e Tae TR o}
I .M . \.v«. F M‘ \‘mi = ’ \I@ + ﬁ .,\M. o £ M.up . s wN P M \P..nt ¥ o A u)b.- \ﬁ"m . .,n.v! m
¥ = .- -y - ~ - - e , S £ .= £ F
._.” - \rm €y L™ .umkn P L Pl KL n“:.. ‘K ‘o Lo i L ES A
re - 4., Fore F} F Frs, £ rmy Fe 2o . ., Fon S, z
[T Y G TEE ¥ Yl T T % Z e S P
._\, \,.? 4 500 4 e x“..w ..~ 4 umab z “\. \v.u. mmm < q.\ni. xwub LS WP 3 . f mv“ g M
o &+ FEa + £ £ s Pece < Ay A s Lo £ oo
P8 g ‘'t . o 2} 2 3 W F o xS P %}
£z p T y ? P A ey s £ pe N s 7 F e L £ ’ P ay 0l A ey £ € e e N 3
A i i Ree Pge e ; T G e TZw PTe Y 2 E3 z Yo e e T B3
\,\.»» \M. n.\v,.! ~n»u\,! »“H n\.»x x.u»e,i. muﬁf \\”MF \...UF \M. ¥ 3 A.HN A..w \n»u\ wm\«i\ n.hi\ h,.\».! \n.“»» vuﬁ \“;.\a w
e . N o ? 2 . . . s - 4 Frn 5 ) 5 £ ¥ oo anr
‘“z e 1y ‘e w Z~ Pw. g u z  fz fwm o B T TZo e g z W}
oy 74 ¥ o 3. o P ‘£z F £ . £ yap Lop 2 # o £ g ? g, s £ e fr $ o £y 3
{8 z 1 Fe T T P = ' s % 1 e e T f T e Z s # 2
- - - ¥ P - 2 . & ony > £ or £ P 255 £ e £ £ Sy £oene ¥
i'g Pzt e 710 %y = W P pe YR A . 2B 1 % ] h74 T}
s, o e s, - v, ¥ ooy L84 Ty £ 4 o, 4 ra ¥ 7 ¥ £ ¥ e, £ g
{7 wmo fy ‘w0 R L oo PHe fn S-S OO - S = T Ca m g g« 2
be ~, e ~ 4 L S 3 L A a - » > 5 &
st - T TA e e i TR T = i i % & e} 21 & R
e £y 7 F o F 7~ Forn L P £ o~ £ Ly vy EE) ? o * s tl
[ 1 W P [« z @ £ ! o 3 i W W ] 3z bl % z Fe I
¥ o £ £, 2 £, e F o = &g i £ e Is 7% 2 = L £ ey iy P e,
& A & el % 5 &1 o T % i 7 Yy 5 3 @ = 23 2ok




PCT/US2020/034271

WO 2020/251743

22/39

f;

1

.

P

w.,,

53

Ll

YEODTLRLE808 | =

STELIP O 9L TY99TL

.M 5
w\ £
m, ¥
R
m. H
m, $ %% 4
m. Foooy #

v

Raaa

et iy
N

- £
A
g $
ISy <

m G
£ $

s
-~
o
p
N

o,

~
=%

o

{ G- foae m S
[N 2 g ¥ ¥
(= % e T3
§ £ - 2y £ 5o
[0 1] g~ s
i A= & o £ § $ e

m. (%4 ..rm!\ % ot

[ e AN Loy

IS - i
P FEA F o F
PR . - TE~-
[ <3 e e o
P :

$ ALyr 7 £ £
Py # @ &

$ 5 ? £ %
B F- Y
» . FE

o e B}

“F s »M

x,m\mi ~mui tig

3
v

-
.
Q.‘

~
£
&

[

LT Ol

G vap ¥ -~
q B} 2500

e .

G130 oiod=g

7 4
Fr N
%

~

16

K0 T35 B s T Bt e i B e T e T B 3 323 o7 £

St

-
T

~
>

e

‘3-

Nt T St

S

2 £ $ e % D % “£ o w
~\~ w 2. iy 2 % ¥ w
A - T SR * S B A
e ta fp Yo ‘g e

g~ L uou-9

V4T "Old

ip 0 °q vl amym

{4 F oy A 5y, k
{4 I G- ' 3
H # 4 £ oy F 2P 3
% [ ﬁ.\“ et H
i Xre | ? ™ £, 4
§ 7oy noofa
T Ee F4 £, ¥
PR & N

B Lo uod-§



PCT/US2020/034271

AN e A s tae ala A me A ha A astn har e

23/39

AN adan aRa i aaas AN Adan ey

AN adan aRa e aaa AN adan ey

WO 2020/251743

a1 'S

6 UL T ST O v Ty S P08 £ 08 09 CH 99 RO TL YL L R BR TR VS SR 098528 6 06 06}

[P G TR Y ¢ S T

7
2

A% T Y g oY RIS I G T T T T T B - R ¢ ‘q ‘Bl mm

3 $ o dpe £ % L, Fove £ Py Lo 7
S (R 4] Q- TE A 7 % :
573 ¥ v - . P ,
oy o fge 0y ‘g ’F p
Ve 7 y 4 3
o St Tyt ‘3 7 i

; £ i I3 i I 7
! Z- 2 b G- 3 ;
€ ey En L hay 40 i 3
A~ i S TE en 0 ;

p 4 2 ;
ig . tm tg tm. dy o {o.
- - 5 - . Y
k! n fmo Ti- i fu- i i }
s - e - - §a 7
Ao i ey 4. o o e he }
1 .. G 17. S5 LRS- SRS }
€ iy iy [ Syp Gyp Ip p
s A - U ] [V :
K i ot h me ty
J < Lo, 2z P rz 5
¥ s 7 5 Taers Hiors o H
[ i 7 £ s, < =, 5, p
b g 3 D 0 i 3

; Iy 4 P 2 e s 3
‘ FRs e *I ot H
. ¥ . . 7 rs . 3
- 4 Yy g g o g ;
7 Tt z g ™ " '™ 7
] 4 G- "I [ B 1
1 3. Fr. i (YIRS S VO }
{5 7 5 Loy PE ¥ £ 5 Py 3
e’ ER: 4 % % Tl }
igg. 0 gt fop iy o ;
i o, e 43 4 Py 3. iy }
= £m £ -, ¢ - $e 7 4 7y 4
pA i i Z el g &~ TG i
3o frg i £ e, $ g 4% 352 I3 3
T g i P e PE 5] ]
- - N . . - - I !
0 T g g fe € iy o B }
7y 134 vz s £4 ¥ - P 3 ¥
V- I i & 7 T [ Pl - $
; {re Feve £ F3 $ - 2 - 34 . 5y
i G T e THe Py 9] i i3 :
¢ P i $6, LD = Sy 3
i el 3 s - 4 A H
o H ; P ip, 7

‘. T.\u. 4 ?‘.N.. Po b 9 i
% iy - ry e 7, P
P e Ffn e He P Y 5., H
£~ Fey e Py £1y B $ Fyys ey f
T Pcand k. <t % v E 3 AT 4 s

i o ¢ P ¢ I £ 4 3 521 £z %
7 “N B i » \n, o % hd H
Y e e TEe fr w7y %
Les F e Fa $ 39 25 f
o <3 & 3 o H

FLoames-7e



PCT/US2020/034271
24/39

WO 2020/251743

61 ‘Old

gliel

£z

006!

81

Ol

s
¢
irm gy papgquus ssul sy yondxe xds
{im Zup papgeue vapn s ponpdasy eds
o Bwyy poppuy syt sils i
iim Segr prrqrus s sl
wodunsa(y 3 { s s reeueand bay




PCT/US2020/034271

WO 2020/251743

25/39

o10C
weansyg

0c¢ "Oid

et
wiojsuel | A1BpU0I8S BSIBAL|

000¢ \1

— 0e0e
yc0c WoJSUBl |
uoneziuenb - -
Aewilig
-5( H|D
— 88JoAY
N7
-
£20¢
1SY SSI8AUI §XQ JO} SIUBIONB0D 9}
£10¢
)
0h0e
70t Uojsuel |
uofeziueny Kewid
pIBMIO]

¢l0¢
wiojsues | A1epuoIag piemod

wiojsue.| Arepuodsg yoxg| Buisn

(1SY) wiojsues| Arepuooag paonpey

1SY PIeAI0} X Joj S]UBIOL800 19



PCT/US2020/034271

WO 2020/251743

26/39

910C
weansyg

Ic 'Ol4

70t
wiojsuel | ABPUODSS 8SIaAY|

001¢ \i

S ez
yc0¢ Wiojsues |
uoeziuenb - -
Aewilig
-oq H|D
= 8SIoAY
e
\
£0¢
1Sy 8SIBAUI §XQ JOJ SIUBIOILB0D
€10e
)
0le
7i0e WojSuel |
uogeziueny ~ Aewid
pJBMIO]

4104
wiojsues | AiBpu00sg piemio

wiojsuel| A1epuoasg gyxgy Buisn
(1SY) wiojsuel| Alepuooag peonpey

1SY PIEMI0} g¥g 10} SIUBIoI80 gy



PCT/US2020/034271
27/39

WO 2020/251743

¢¢ Old

et

A

ey

(o Lo Ilox jsoi s

pa ({12, 049991 TIONIS == ﬁﬁﬁ:% wg\fﬁgm i
{1 oA oy Eeyg dun way
v IVIdS ON 481 == adApmdssnompsganyeng
% VUINI 30 ON L o4 i ox popgpaiguly
woa B[] pRRgEUR B s W v = { WERLDSUN CWMPIAASTY YO
WA Qﬁ%@m@mm J ,wﬁ_,&m@u
! ﬁﬁgﬁsmmmwsﬁﬁa ﬁx@a } = PBpsay

&4 @&&Qﬁmu ‘N;mmw @wﬁ@ w&wwu@ } = P ISHY
24 1220 WEWHGD “N.mwwﬁ% 04 Y R TU0IsRY
w3598, wmﬁ g s eyisiiid

o JYe0 RIS

waene e

00¢¢ Joydprssagy ¥ sdA a0y WEOHOD NPLAAGY oA CON i Fwpod




WO 2020/251743 PCT/US2020/034271
28/39

e
ot
\.\-.-“
%
D
~ g ~
g8 oo w J
N :\\‘
[ s
e ¥ ' o
RN b o~
-
&
X ,E
i -
{ &
i Sy
a w
b &=
\5.‘? T
b o
A
: T M
8
b bt
= O\
-~
S el
A o N o~
& = ey
> & oo
H 0 o <
o “ = \
& !
; =
= =
3 o <t
wes ) N
- ~
RS ot )
3N x Tt
g o ‘
TR
® 0

FIG. 24B

FIG. 24A



PCT/US2020/034271
29/39

WO 2020/251743

G¢ Old

-

SPOPNPIRIU] = 9

z CC w PPUINPAIIRIY] = S

£ Py = SPOINPAIIENU] = 17

7 €7 = OPOINPIIJRIN] == £

[ 1 = PPOINPAIJEIN] = ¢

{} { = SPONPRIJERU] =

i e @ﬁﬁw@ﬁ@.ﬁwﬁ.ﬂﬁm
Lopul

198 3]

IPOIN PRI JRIUL

Hje . Ha1liapag 1985 ULISUely,




PCT/US2020/034271
30/39

WO 2020/251743

¢

9¢ OlId

Y B

.*“Auu.

g 4 Papg AY -

L ey

£092
uone|odieu| Jesur

A

009¢

129¢

03¢

uonealidnInyy JojosA Xuje

i«i\-.\\:x} ronna,.,,

PPNV e

019¢

109¢
Buibelony



WO 2020/251743 PCT/US2020/034271
31/39

2701

sonding waly

&

50, cnWdth, cliileight, e Tvps ) { / Restriploy

8 anip enshled fag &&
SR W Logd{ ohHeght ) =2 &&
CHWHI o= MaxTOS Y && olebiel el e Rl TR e Y )

H sp
(

mten_mvip SsglxO b } sl

i s mip Sagd xO R w0

imtva mip repm fagl k0¥ w0l sefv
i inbra_andp mpoy fegfx@ )

¥
&

ttra_mip vy {0 0] EEAE

infra paip v asassinderx0 Y e} Ay}

-
}slee {

 sps nul onabled fag && ({93 OllizeY) » 0Y)

tfvs_uma vef ddx{xd }s“ v } sy}
${ spy isp enabled fag &
{' cOWhlth <= M {‘,&«?

{ o iWdts © chHelght > MigTHE

fira_subpartitions made mg;_u }{ ¥

ese
[

v}

Y mis sobparitony mode Sapfxo et issl &&
Nty s(‘ﬁ:‘ o MR ThS ey && chlaght = MaxThBeY

indvs_subpsviitfons splt Hagix0 v} sy}

f inte b sef ddx{xO{0l==0 &&
infra subpactitiug “iuo\sawﬁc@g 0 isw)y

intra_huma_mpm Sagi @i

i ot ene_mpwy

i wwivs hmws wf w\{ el ==-s}\s

it _homs et plemwr fagixo i BV
i wivs_haasa_ned_plansy a0 E w01

fire Ywms mpm sG] A}

§else

intva_hons wpn remsipdai v}

FIG. 27



WO 2020/251743 PCT/US2020/034271
32/39

2801 20
—

Grensral

Inpvats fo this process aw

= g joaas locstion { xTRY, ¥TUY ) spectfving the top-lofl sample of the cwrvent lums sransfora bleek
yelative o the top-lolt lnnw sample of the cumend picture,

3 variable aTOHW specifiing the width of the current fransform blwk,
- g vavable aTHH specifing the hoight of the cnrrent transfonn beck,

~ g variable olidy spenifimg the coltap component ol the Survent bk,

an (EThWrdaThH) amsy d{xH vl of scaled mamsformt coufBoienty with x~={aTbhW -1,
v 0, 8THH - 1.

b

EATDW - L y=8.aThH - L

{‘}wpm of am process 1y the ITHWRGETMD avay dx vl of readual senples with

The varisble imphicithinEnablad s dertved as follows:

- I spe miy ombled flag v owgual o 1oand ome of the following condiom i e,
mpsdiciMicEnabled 8 setognal o bt

~  IteaSabPatibonsSpld Type ks oot squal fo I8P NGO SPUIT

cu_sht flag te ogual fo | angd Max{ aTHW, aThH ) s loss than or equal 5032

spa_expholt mts v oneblad fag and spe_sxplicht pats_seter_snabled Sag me both apmal 0 6
and CuPredMode] xTHY ¥ vTHY | s aqual 1o MODE_INTRAL

w  Orherwise, mmphoiinEnabiad s et squad o &,

2802

FIG. 28A




WO 2020/251743 PCT/US2020/034271
33/39

2800
Continue from FIG. 28A N

yreHor specifving the hat mxmi trandormn kevoel mud the warmbls §TvpeVee
oxi transfornkerne! see derbead ss followen

~ I oldx iy greater than ¢ Tvpebls aad TypeVer ave set egual to §,

~  {aherwive, i inphonhtsEaabied tv agual t 1, the followiny sppliey

¥ ealebPatitonelpltTyps & not agual & BP NG SPLIT o beth
sps_uxphicst pats_dufrs_enabled Sag and spy_explict sts dter_enabled flag we sqosd fo §and

slfods] KTHY §§ YTHY Y1 s egual fo \1{0‘}}“ INTRA, trTypeHor and 6 TypeVer are derdved

as Follws:
wivpetor={alhWo=4 {& oThWo= 161710 {3-1}
hvpeVar={aThH =4 && aThH-==15171:0 {33}

Otherwnre fru abt flag & squal & 1), thvpelor amd 0lypeVer sre spenified in Teble H
'ie;*semts BEOn ou “3(‘? horizontal_flagand au_sbt_pos_ flag.

~  {aherwise, dTvpeflor  med  TepeVer are specifiad 10 Table 1 depondig om
i nsts wixf XTRY H eThY L

Table I - Specification of trTypalar ond 8TypeVer depending on tu ity Mds{ s }{ ¥]

oy B xO B 101112131 4
2804 g rTypeHor ol

%
ot
4

Table H - Specification of TypeHor amd irTypeVer depending on cu_sht_hovizontsl_fiag smdd
cu_shi pes flag

ou abt borizontal Hag | ou sl poe Bap | BTvpelle | lveVer
2805 Q & 2 1
>IN i _s'
i {Q i 2
i ] i {

FIG. 28B




PCT/US2020/034271
34/39

WO 2020/251743

ondie wog o Sy pegene s onds vl

o

0¢€ "Old

iy 03 by s o pepgeapypyoydnn ¢

.

MIDIC)

(1 0L 1200w 51 BBy PO S| 505 DB
P A

VUL B0 o mube st 2914 I 2013 epojypaigny pue 4 o)
ol pogpus R sae sonidke sds

)

7€ o penhe o e 8591 1 MO LU ARG ew pus T ovmnhe s Bey s

LIS 0N 451 ot pabe jou s 2dA pnpdysuomim gonsenug

wummmwgﬁmwﬁmﬁmﬁﬁwﬁmmm
13 81 RBOIRPUOY Suaoiol s Jo ouo piw 1 o pubs 9 xé,,.w&xm@@ syn sds 13

SMOEOY 9% PRalIel §1 pagenasppondm prmsa ey,

P

000¢

6¢ Old

RIS

py
Py
,-,“

At RSIMIRY

o
=

W 05 51 DTG

YHEIKD a0y o b st L 2aiA 1 AL bpopasiin) PR 4
; i

oy pnbe { L IE s G P L S m\\hm@mm@w?&? e Buly pelrie ey

- v
[ de s AT e
fadte !

on vy peabs s wev o0 90 HIAT0 AL SRR pue ooy ende sTERy g o

o A%E 04 enb jou o1 odd Lndssuoipe g gng g

Toppabs sy 1 pRaengg cyinn
aE ¥ sEOIpHOT Bmentiol M §0 suo P [ oo pmis wr #n m...ﬁ&ﬁ o spn sds g1

006¢

\\If\& SMOTIOL $8 PasRp 3T palgruipptndon pigrma oL



PCT/US2020/034271

WO 2020/251743

35/39

cé .OE

o vy ke 3% ¥ pRgpaEsgonden asy —

-

gmenleyogem | of o ixpy wipipue L od Y ox mpt sue .

a.mhwaw...w.v.\\m::omm T w&.ﬁ‘w ey “&w‘»ﬁ@“ Ww Y .uw:w%&}ﬂwm@wﬁmwhw.@mm& %

P o 2, P

WS- OG-0 Bol - POTARTS - IORH - S - e sdh- P Bup - POl ae - BB SHE - R St

z¢ mponbe 1o ue esel o { A ln ALy meprpue t ovpnbe s Beg g v

\p

1ras oN ast op ke wu s sddpmdesoompegonsenny

g mx.wwm 1% w1 pepapuspordy

Swmongor sy g0 suo pwe 1 oo pobe s e pepmue umedy 51~

by

\&/\\& RAMOTION 2 [OALIID 31 DO TsRaon g Mjopima o L

LE Old

‘g3 01 jenbe 135 51 PRSI MELAIRG

1301 Mm..wma s1 9y pelgeue dimr sds pup

YULNT HOOW o pnba g m gw i anrx Jepoppargngy gz g 0}
wnbs mog axe Bey pojgpue wun s gopdxe %2 e Bugy pelgens wnm owu yondse wds -~

z¢ o penbs Jo uwp s30] 1 { ALY QLD Wy pue [ oy pnbe i Bug g8 ny -

IS O g1 ovpube jonsiodA pupdssuomegqosenay —

7 o enbs s 5 PRQRIETSA wpdon
o) B OSHOIRPOOS BWACHOL M J0 Suo pm o1 O} Mms?, 51 Peyy poppme swm o sdy 53—

A

SSAIOY 5 PRATISD %1 pRjgrunsipaondun s1qRLIBA 81 L

00L€



WO 2020/251743 PCT/US2020/034271
36/39

3300
P
If sps_mis onabled e » egual © 1 ad one of the Pllowing conditions & g
mpliciMsEnabled s sof equal o 1

The variable mmplicdisEnabled s devived as follows:

IntrpSubPatitonsSplt Type s not equal {0 ISP MO RPUIT
cu_sbt flag fxequal 0 1 and Max{ aTHW, oTHH ) is less thas ov equalin 32

----------- spe-sxphok-aie- Srre-enablad -Hag e spe-expliclnts-inder-snabled - Heg-are-both-oqusd
todhand Cofradddedsef TRV s egualdo MOREINTRA,

s adxf x| v0 | s _mip SegixO i v0 1 sl Host ads] <G 3 w8 ] ave all equsio b

Otherwise, mphicithiisEnabled s sst equal 0 O

FIG. 33

L $3401 3400
( START ) e

Receive a first high level syntax (HLS) element indicating whether explicit multiple r\w,83410
transform selection (MTS) is enabled for an intra coded block

!

Receive a second HLS element indicating whether the explicit MTS is enabled for %33420
an inter coded block

:

Enable implicit MTS for the intra coded block when the first HLS element indicates
the explicit MTS is disabled for the intra coded block, and the second HLS element | S3430
indicates the explicit MTS is enabled for the inter coded block AV

:

( sop Y 8349

FIG. 34
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3500

r T A

< START Y ™ 53501

:

Receive a first high level syntax (HLS) element ¥~ . 53510
indicating whether explicit multiple transform selection
(MTS) is enabled for an intra coded block

'

Receive a second HLS element indicating whether non-
separable secondary transform (NSST) or matrix-based
intra prediction (MIP) is disabled for the intra coded | ... S3520
block

Enable an implicit M1S for the intra coded block when
the first HLS element indicates the explicit MTS is
disabled for the intra coded block, and the second HLS
element indicates the NSST or the MIP is disabled for
the intra coded block, and
disable the implicit MTS for the intra coded block when . 83530
the first HLS element indicates the explicit MTS is
disabled for the intra coded block, and the second HLS
element indicates the NSST or the MIP is enabled for
the intra coded block

7
{\ STOP )”"“\J 53599

FIG. 35
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3600

fmf

< START )~ S3601

Receive an intra coded block associated with a first  +.__. 83610
block level syntax element indicating whether multiple
transform selection (MTS) is applied, and a second
block level syntax element indicating whether non-
separable secondary transform (NSST) is applied

;

Enable an implicit MTS for the intra coded block when
the first block level syntax element indicates the MTS is
not applied, and the second block level syntax element

indicates the NSST is not applied, and e 53620
disable the implicit MTS for the intra coded block when
the first block level syntax element indicates the MTS is
not applied, and the second block level syntax element

indicates the NSST is applied

;

( STOP ™ 53690

FIG. 36
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