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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 AN APPARATUS FOR VIDEQ CODING

INCORPORATION BY REFERENCE

{06011 This present application clairus the benefit of UK. Patent Application Ne,

16/878,390, "Method and Apparatus for Video Coding™ filed on May 19, 2020, which clams the
henefit of US. Provisional Applicatdon No, 63/860,149, “High-tevel Syntax Control on Enabling
Impicit Transform Selection” filed on dune 11, 2019, The disclosures of the prior applications
are hereby wcorporated by reference in thewr eutirety.

TECHNICAL FIELD

{0602]  The present disclosure describes emtbodiments generally related to viden coding.
BACKGROUND

j0803]  The background description provided herein is for the purpose of generally

presenting the cottext of the disclosure. Work of the presently named inventors, to the extent the
work s deseribed in this background section, as well as aspects of the deseription that may not
otherwise qualify as prior art at the time of filing, are neither expressty nor imphiedly admitted as
prior art against the present disclosure,

{0004}  Video coding and decoding can be perfonmed using mter-picture prediction with
motion compensation. Uncompressed digital video can include a sertes of pictures, each pictwe
having a spatig] dimension of, for example, 1920 x 1080 luminance samples and associated
chrominance samples. The series of pictares can have a fixed or variable picture rate (informally
alse known as frame rate}, of, for example 60 pictures per second or 60 Hz. Unvompressed
video has sigmibicant bitrate requarements. For example, 1080p60 4:2:0 video at B bit pet sample
{1920x 1080 fuminance sample resolution at 60 Hz frame rate) requires close 1o 1.5 Ghit/s
bandwidth. An bour of such video requires more thau 600 GByies of storage space.

{0005]  One purpose of viden coding and decoding can be the reduction of redundancy in
the input video signal, through compression. Compression can help reduce the aforementioned
bandwidih or storage space requirements, m some cases by two orders of magnitade or more,
Both lossless and lossy compression, as well as a combination thereof can be empleved.

Lossless compression refers to technngues where an exact copy of the onginal signal cas be
reconstructed fron the compressed original signal. When using lossy compression, the
reconsiructed signal may not be ideatical to the original signal, but the distortion between

original and reconstructed signals is small enough to make the reconstructed signal useful for the
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mntended application. In the case of video, lossy compression is widely employed. The amount
of distortion telerated depends on the application; for example, users of certain consumer
sireaming applications may tolerate higher distoriion than users of television distribution
applications. The compressien ratio achievable can reflect that higher allowableftolerable
distortion can yield higher compression ratios.

[0806] A video encoder and decoder can utilize techiiques from several twoad categories,
mcinding, for example, motion compensation, transform, quanttzation, snd entropy coding,

{0007 Video codec technologies can include techniques known as mitra coding. In intra
coding, sample values are represented without reference 1o samples or other data from previously
reconstrucied reference pichres. In some video codecs, the picture is spatially subdivided into
blocks of samples. When all blocks of samples are coded in imtra mede, that pictire can be an
mtra pictare. Inirg pictures and thew derivations such as mdependent decoder refresh protares,
can be used to reset the decoder state and can, therefore, be used as the first picture i a coded
video bitstream and g video session, or as a st 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 fechmgue that minimizes sample values in the pre-transform doman, In
some cases, the smaller the DC value after a transform is, and the smaller the AC coefficients
are, the fower the bits that ave required at a given quantization step size o represent the block
alter entropy coding.

j0008]  Traditional intra coding such as known from, for example MPEG-2 generation
coding technologies, does not use intra prediction. However, some sewer video compression
technologies inclade techniques thar 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”
technigues, Mote that in at least some cases, intra prediction is only using reference data from
the current picturg under reconstruction and not from refevence pictures.

{0609]  There can be many different forms of intra prediction, When more than ong of
such techmiques can be used m a given video coding technology, the technique i 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

codeword 1o use for a given mode/submode/parameter combmation can have an impact in the
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coding efficiency gain through intra prediction, and so can the enfropy coding technology used to
transiate the codewords tnto a bitsiream,

{0810 A certain mode of mntra prediction wags introduced with H.264, refined in H.265,
and further refined n newer cading techinologies such as joint exploration model {(JEM), versatide
video coding (VVC), and benchmark set (BMS). A predictor block ¢an be formed wsing
neighboring sample values belonging to already available samples. Sample values of
neighboring samples are copted mto the predictor block according to a diwection. A reference to
the direction in use can be coded in the bitstream or may itself be predicted.

{0611}  Motion compensation can be a lossy compressien technique and can relate to
techniques where a block of sample data from a previously reconstructed pieture or part thereof
{reference picture}, after being spatially shifted in a direction indicated by a motion vegtor (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 bave two dimensions Xand Y, or three sivensions, the third heing an indication of the
reference picturs in use (the latter, indirectly, van be a time dunension).

{0012} o some video compression techyiques, an MV applicable to 4 certain area of
sample data can be predicied from other MVy, for example from those related 1o another area of
sample data spatially adjacent to the area under reconstruction, and preceding that MV in
decoding order. Doing 30 can substantially redace the amount of data required for coding the
MV, thereby removing redundancy and mcreasing compression. MV prediction can work
effectively, for example, becanse when coding au input video signal devived from a ¢amers
{known as natural video) there is a statistical Hikelihood that areas larger than the area to which a
single MV is applicable move 1o a stmilar direction and, therefore, can in some cases be
predicted vsing a sinular motion vector derived from MVs of neighboring area. That results i
the MV found for a given areg to be similar or the same as the MV predicted from the
surrovnding MVs, and that iy temm can be represented, afler entropy coding, i a smaller number
of bits than what would be osed if coding the MV divectly. In some cases, MV prediction can be
an example of lossless compression of & signal (namely: the MVy) derived from the original
signal (namely: the sample stream). In other cases, MV prediction itself can be lossy, for
example because of rounding ervors when calenlating 4 predictor from several surrounding MVs.

{0613]  Vartous MV prediction mechanisms ave described mn H.265/HEVC (ITU-T Rec.

H.268, "High Efficiency Video Coding”, December 20163, Qut of the many MV prediction
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mechamsns that H.265 offers, described here is a techmigue henceforth referred 1o as "spatial
merge’”.

{614}  Referrmg to FIG. 1, a current bloek (101} comprises samples that bave been
found by the encoder during the motion search process to be predictable from a previous block of
the sarve size that bas been spatially shifted. Instead of coding that MV directly, the MV can be
derived from metadata associated with one or more veference pictares, for sxample frons the
most recent (in decoding order) reference picture, using the MV associated with either one of
five swronnding samples, denoted AQ, Al, and BO, Bi, B2 (102 through 106, respectivelyl. In
H.26%, the MV prediction can use predictors from the same reference picture that the
neighboring block is asing.

SUMMARY

{0015]  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 moultple transtorm selection (MTS) 15 enabled or disabled for an intra coded
block, and recetving a second HLS element indicating whether the explicit MTS s enabded or
disabled for an inter coded block. The first and second HLS elements control a same set of
coding blocks that include the nfra coded block and the inter coded block. An hoplict MTS can
be enablad for the mtra coded block when the first HLS element indicates the explicit MTS is
disabied for the wtra coded black, and the second HLS element indicates the explicit MTS is
enabled for the inter coded blngk.

[0016]  An embodiment of the method may further include applying the implicit MTS w0
the intra coded block. A transform type for processing the intra coded block can be determined
according t0 a size of the intra coded block. In varions examples, the first or second HLS
element can be one of a video parameter set {VPS) syntax element, a sequence garameter set
{SPR) syntax element, a ploture parameter set (PPS) syntax element, a shice header syntax
element, a tile header syntax element, ora tile group beader syniax element. In an embodiment,
the intra coded block is not coded with an tntrs sub-partitioning {ISP) mode. In an embadiment,
the method can further include receiving a third HLS element indicating an MTS &3 enabled for
each of the 1nter and intra coded blocks.

{0017]  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

MTE 15 enabled or disabled for an intta coded block, and receiving a second HLS element
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indicating whether a non-separable secondary transform (NSST) or matrix-based mira prediction
{MIP) is disabled or enabled for the intra coded block. An implicit MTS can be enabled for the
mtra coded block when the first HLS element indicates the explicit MTS is disabled for the intra
poded block, and the second HLS elernent fndicates the NSST or the MIP 1 disabled for the intra
coded block.

[0018]  The disclosure can also provide a third method of video decoding at 8 video
decoder. The third method can include receiving an intra coded block associated with a first
block level syntax element mdicating whether an MTS 15 applied, and a second block level
syimtax element indicating whether an NSST is applied. An implicit MTS can be enabled for the
njra coded block when the first block level syntax element indicates the MTN i3 vot applied, and
the second Mlock level syntax element indicates the NSST is not applied.

{4019 Mote that although the mstant application refers to NSST, the disclosed methods
and systems can be applied to variants of NSST, such as, reduced size transform (R8T}, and tow-
frequency non-separable secondary transform {LFNST), Thus, NSST, RST, andior LFNST can
be nsed interchangeably throughout the instant application.

BRIEF DESCRIPTION QF THE DRAWINGS

[0620]  Further features, the nature, and various advantages of the disclosed sabject
matter will be more apparent from the following detatled description and the sccompanying
drawings in which:

j0021]  FiG. 1 15 a schematic ilustration of a current block and its surmrounding spatial
merge candidates in one example.

{00227 FIG. 2 53 a schematic illustration of a simplified block diagram of a
communication system (200} i sccordance with an ewbodiment,

08237 FIG. 3 is a schematic Hustration of @ simplified block diagram of a
cormmuncation systeam {300} in accordance with an embodiment.

[G024]  FIG. 4 i3 a schematic ilastration of a simplified block diagram of a decoder in
gccordance with an embodiment,

{00281  FIG. S is a schematic Hlustration of a simphified block diagram of an encoder in
accordance with an embodiment.

[0026]  FIG. 6 shows a block diggram of an encoder in accordance with another

gmbodiment,
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{0027 FIG. 7 shows a block diagram of a decoder i accordance with another
embodiment.

{0628  FiGs. 8A-BD show example transtorm core matnices of 4-poing; S-powst, 16-pomt,
and 32-point DCT-2, regpectively, according to an embodiment.

{00291 FlGs. 9A-9D show sub-block types, sizes, and positions sapported 1 sub-block
transform {SBT} according to an embodiment.

{0030]  FIG. 10 shows noabers of sub-partitions depending on the block size m an intra
sub-partition (ISP} coding mode according to an embodment.

{0631}  FIG. 11 shows an examiple where g block s partibioned into two sub-partitions in
an ISP codmng mode.

j00321  FHG. 12 shows an example where a block is partitionsd into four sub-partitions i
an ISP coding mode,

[06833]  FiGs. 13A-13E show a 64x64 wransform core matrix of @ 64d-point DOT-2
rranstform aecording to an embodiment,

[0034]  FIG. 14 shows transform basts functions of RDST/DCT transforms according to an
embodiment.

[0635]  FIG, 15 shows a table lusirating a mapping relationship between an mys_idx
vadue and respective horizontal or vertical transforms according 10 an embodiment.

{8036}  FiGs. 16A-16D show transform core mairices of @ DST-7 transform type
acconding to an emnbodinent,

{0837} FiGs 17A-17D show transform core matiices of 8 DCT-§ transform fype
according 0 an enthodiment,

{0638]  FIG. 18 shows an example of controtling usage of multiple transform selection
{MTS) using sequence parametes set (8PS} syntax elements.

{0039]  FIG. 19 shows a table of mapping between intra prediction mades and transform
sets according to an embodiment.

{0640]  FiGs. 20-21 show rwo alternative transform coding pracesses (2000) and {2100}
for RETBB wning 16x64 transform cores and 16x48 transforns cores, respectively, according to
an embodiment.

[00d1]  FIG. 22 shows an exatnple Cllevel syntax table (2200} where a syntax element
ifnst_idx indicating a selection of a low frequency non-separabile secondary ransform (LENST)

kernel is signaled at the end of CUlevel syntax.
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{0042]  FIG. 23 shows & process (2301) of a reduced transform and a process (2302} of a
reduced inverse ransform according to an embodiment.

[00d3]  FIG. 24A shows the whole top-left 8x§ coefficients (shaded sab-blocks) of'a
residual block (2410) used as input for calenlating g secondary transform in RSTSxE.

{0044]  TIG. 248 shows the top-lefi three 4x4 sub-block coelficients {shaded sub-blocks)
of the residual block (2410} used as mput for caleulating 8 secondary wanstorm in RSTEXS.

j00d5] PG 25 shows a table for transformm set selection based on an intra prediction
mode according to an embodiment.

{0046]  FIG. 26 shows an example process (2600} of a matrix-based infra prediction
{MIP) mode.

[0047]  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.

[0648]  FiGs. 28A-28B in combination show a text (2800} specifying a transforn coding
process of performing explict or smphicit transform selection for a cwrent hlock based on related
syntax elements received from a bitstream.

[0049]  FIG. 29 shows modifications {2900} to the text {2800} that correspond o an
implicit transform enabling scheme where jmplicit transform for intra residual blocks and
gxplicit transfors for inter resadual blocks can coexist,

{0056]  FIG. 30 shows modifications {3000) to the text (2800) that cowespond 1o a
scenario where an taplicit transform is enabled when a non-separable secondary transform
{NSST} 15 disabled.

{0651]  FiG. 31 shows modifications {3100} to the text {2804} that cosvespond to a
scenario where an implicit transform 1 enabled when an MIP is disabled

j00521  FIG 32 shows modifications (32007 to the text (2800) that correspond to 1
scenario where both MTS gnd NSST are not applied 1o a current block,

[0053]  FIG. 33 shows modifications {3300) to the text {2800} that correspond to a
scenario where none of MTS, NSST, or MIP 15 applied to a current block,

[0054]  FiGs, 3436 show flow charis of transform coding processes {3400), (3300}, and
{3600} according to some enrbodiments of the disclosure.

[Q058]  FIG. 37 13 g schematic iltostration of a computer system i aecordance with an
embodiment,

DETAILED DESCRIPTION OF EMBODIMENTS
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{0056] 1. Video Coding Encoder and Decoder

[0857]  FiG. 2 ostrates a simplified block diagram of a communication system (200)
according 1o 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 {2503, For example, the communication systern {200} includes a first pair of terminal
devices (210} and {220} mterconnected via the netwaork (250} In the FIG. 2 example, the firg
pair of terminal devices (2107 and (220) performs unidirectional trangnussion of data, For
example, the terminal device (210} niay code video data (g.g., a stream of video pictures that are
captured by the tenminal device (210} for transmission to the other termingl device {220) vig the
network {2301 The encoded video data can be transmiited in the form of one or more coded
video bitstreams. The termingl device {220) mav receive the coded video data from the network
{250}, decode the coded video data to recover the video pretures and display video protures
according to the recovered video data. Unidirectional data transmission may be common in
media serving apphications and the tike,

{0058]  In anothey example, the communication system {200} includes a second pair of
terminal devices (230) and {240) that performs bidirectional transmission of coded video datd
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 captored by the terminal device) for fransmission io the
other ternunal device of the terminal devices (230) and (240} via the network (2503, Each
terminal device of the terminal devices (230) and (240} also may receive the coded video data
transmitted by the other teominal device of the terntinal devices (230) and {248}, and may decode
the coded video data to recover the video pictures and may display video pictures at an
accesvible display device according to the recovered video data.

{0059 Inthe FIG. 2 example, the terminad devices (210}, (220}, (2305 and {240} mayv be
Hustrated as servers, personal computers and smart phones but the principles of the present
disclosure may be not so limited. Embadiments of the present disclosure find applicadon with
laptop computers, tablet computers, media players anddor dedicated video conferencing
equipment. The network {230) represents any mumber of networks that convey coded videéo data

i

among the terminal devices (210), (220}, (230) and (240}, incluading for example wirehne (wired)
and/or wireless communication networks. The communication network {250} may exchange

data tn circutt-switched andior packet-swiiched channels. Representative setworks include
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telecommunications networks, local area nehworks, wide area networks andfor the Internet. For
the purposes of the present discussion, the architecture and topology of the network (250) may be
ymmaterial to the operation of the present disclosure uniess explained herein below,

{0660]  FIG. 3 illustrates, as an example for an application for the disclosed subject
matter, the placement of 2 video encoder and a video decader in a streaming environment. The
disclosed subjeet matter can be squally applicable 1o 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

{0861} A streaming system may include 3 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 lme
to emphasize a high data volume when compared 10 encoded video data (304) (or coded video
bitstreams), can be processed by an electrome device {320} that includes a video encoder (303)
coupried to the video source (301). The video snveder (303) can include hardware, software, or a
combination thoreof to enable or inploment aspects of the disclosed subject matter as described
i more detail below, The encoded video data {304} {or encoded video bitstream {304)),
depicted as a thin Hne to emphasize the lower data vohame when compared to the stream of video
pictures (302}, can be stored on a streaming server (303) for folure use. One or more sfreaming
client subsystems, such as client subsystems {306 and {308} in FI1G. 3 can access the streaming
server (3035) to retrieve copies {307 ) and (309) of the encoded video data (304), A chient
subsystem {306) can include a viden decoder (310), for example, in an electronic device (330},
The video decoder (310} decodes the incondng copy (307) of the encoded video data and creates
an puigoing stream of video pictures {311} that can be vendered on a display (312} (e g, display
screent) or other rendering device (not depicted). o some streaming systews, the encoded video
data {304), (307}, and (309) (e ., video bitstreanis} can be encoded according o certain video
coding/compression standards. Examiples of those standards include ITU-T Reconumendation
H.265. Tnan example, a video coding standard under development is informally known as
YVersatile Video Coding {(VVC). The disclosed subject matter may be used in the context of
YVVC.
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{00821 It is noted that the electronic devices (320) and (330) can inclide other
components (not shown), For example, the electronic device {320) can include a video decoder
{not shown} and the elecironic device {330} can include a video encoder (not showa) as well.

[0063]  FIG. 4 shows a block diagram of a video decoder (419 according to an
embodiment of the present disclosure. The video decoder (410) can be included i an electronie
device {430}, The electronic device (430) canr include a receiver (4313 {e.g., receiving clrouitry).
The video decoder (410} can be used m the place of the video decoder (310} in the FIG. 3
example.

{0064]  The recetver (431} may receive ane or more coded video sequences fo be decoded
by the video decoder {(410); in the same or another embodiment, one coded video sequence at 8
time, where the decoding of ¢ach coded video sequence 1y independent from other coded video
sequences, The coded video sequence may be recerved from a channel (401 ), which may be a
hardware/software link to a storage device which stores the encoded video data. The recetver
{431} may receive the encoded video data with other data, for example, coded audio data andior
ancillary data streams, that may be forwarded to their respective using entities (not depicted).
The recetver (431} may separate the coded video sequence from the other data, To combat
network jitter, a baffer memory {413 may be coupled in between the receiver (431} and an
entropy decoder { parser (420) ("parser (420)" henceforth). In certain applications, the buffer
memory (413) 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 butfer memory {not depicted) outside
of the video decoder (410}, for example to comtbat network fitter, and w addition another buffer
memory (4135} inside the video decoder (410), for example to handle playout timing. When the
receiver (431) is receiving data fromt a storefforward device of sufficient bandwidth and
controliabitity, or from an isosvachronous netwaork, the buffer memory (415} may not be needed,
or can be small. For use on best effort packet networks such as the Imternet, the buffer memary
{415y may be required, can be comparatively large and can be advantageously of adaptive size,
and way at least partially be implemented in an operating system or similar elements (not
depicted) outside of the video decoder (410}

{0065 The video decoder (410) may include the parser {420} 1o reconstruct symbols
{421) from the coded video sequence. Categories of those svimbols include informasion used to
manage operation of the video decoder {410), and potentially mformation to control a rendering

device such s a render device (412} (e, a display screen) that is not an imtegral part of the



CA 03137296 2021-10-18

WO 2020/251743 PCT/US2020/034271

11
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 Sopplemental
Eunhancement lnformation (SEI messages) or Video Usabibity Information (VUL) parameter sel
fragments {not depicted). The parser (420) may parse / entropy-decade the coded video
sequence that 1s recerved, The coding of the coded video segquence can be in accordance with a
video coding technology or standard, and can follow various principles, mchuding vanable length
coding, Hutfioan coding, arithmetie codmg with or without context sensitivity, and so forth, The
parser (420} may extract from the coded video sequence, a set of subgroup paranseters for at least
one of the subgroups of pixels in the video decoder, based upon at least one pavameter
corresponding to the group.  Subgroups can include Groups of Pictures (GOPs), pictures, tiles,
stices, macroblocks, Coding Units (CUs), blocks, Transform Units {TUS), Prediction Units (PFUs)
and so forth. The parser (4281 way also extract from the coded video sequence information such
as transform coefficients, quantizer parameter values, motion vectors, and so forth.

{00866]  The parser (420) may perform an entropy decoding / parsing operation on the
video sequence recatved from the buffer memory (415), so as to create symbols (421).

[0067]  Reconstruction of the symbeols (421) can involve muldtiple different oniis
depending on the type of the coded video picture or parts thereof (such asy inter and intya picture,
inter and tra block), and other factors. Which uanits are myvolved, and how, can be controlied
by the subgroup conirol mioromtion that was patsed from the coded video sequence by the
parser (420}, The Row of such subgroup control information between the parser (420) and the
multiple units below is not depicted for clanty.

{0668]  Bevond the functional blocks already mentioned, the video decoder (410} can be
conceptually snbdivided mto & number of Tunctional units as described below. In a practical
wnplementation operating under commaercial constrainty, many of these units interact closely
with each other and can, at least partly, be integrated into cach other. However, for the purpose
of describing the disclosed subject matter, the conceptual subdivision into the functional anits
below is appropriate.

{00697 A first wnit is the scaler / mverse wransform unit (431}, The scaler / inverse
transforny unit (431} receives g quantized transform coefficient ax well ag control Information,
meinding which transform to use, block size, guantization factor, guaniization scaling rmatrices,
gte. as symbol{s) (421) from the parser (420}, The scaler / mverse transform unit (451} can

output blocks comprising sample values, that can be input into gggregator (435},
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{00708]  In some cases, the output samnples 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 mformation from previcusly
reconstructed parts of the current picture. Such predictive information can be provided by an
wnira picture prediction unit (4523 Tn some cases, the witra picture prediction wiit (4523
generates a block of the same size and shape of the tock under reconstruction, using
sarrounding already reconstructed information fetched from the current picture buffer (458),

The current picture bufler {(458) buffers, for example, partly reconstructed current picture and/or
fully reconstructed current picture. The aggregasor (455}, in some cases, adds, on a per sample
basis, the prediction information the nira prediction unit (452} has generated to the output
samiple information as provided by the scaler / inverse transform wut {451},

{06711 In other cases, the ouiput samples of the scaler / inverse transforns v (451 can
pertain to an inter coded, and potentially motion compensated block. n such a case, a motion
compensation prediction umt (453 ) can access reference picture memory (457) to feich samples
usad for prediction. After motion compensating the fetched samples n accordance with the
symbols (421) pertaning to the block, these samples can be added by the aggregator (455) o the
output of the scaler / inverse transform oot (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 (433} feiches
prediction sanples can be controlled by motion vectors, available to the mobion compensation
prediction unit (453} in the form of syrbels (421) that can have, for example X, Y, and reference
picture components. Motion compensation also can include interpolation of sample values as
feiched from the reference picture memory {4377 when sub-sample exact motion vectors are in
use, motion vector prediction mecharnisnis, and so forth,

[0072]  The output samples of the aggregator (435) can be subject 1o vartous loop filtering
technigues i the loop filter unit (45363, 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 wiit (438) as symbols
{421} from the parser (420), but can also be responsive o meta-information obtained during the
decoding of previous {in decoding order) parts of the coded picture or coded video sequence, as

well as rexponsive to previously reconstructed and loop-filtered sample values.
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{00731 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 pictare memory (457} for use in
future inter-picture prediction.

[0674]  Certain coded pictures, once tully reconstructed, can be used as reference pictores
for futare prediction. For example, once a coded picture corresponding (o & current piciure 18
fully reconstructed and the coded picture has been identified as a reference picture (by, for
example, the parser (4200, the current picture buffer (458) can become a part of the veference
pictare memory (457}, and a fresh current picture buffer can be reallocated before commencing
the reconstruction of the following coded picture.

{0078]  The video decoder (410) may perform decoding operations according to a
predetermined video compression technology in a standard, such ag ITU-T Ree, H.265. The
coded video sequence may conform o a syatax specified by the video compression technology
or standard being used, m the sense that the coded video sequence adheres to both the syntax of
the video compression techoology or standard and the profiles as documented in the video
compression technology or standard. Specifically, a profile can select centain tools as the only
tools avatlable for use under that profile frow all the {ools avatlable m the video compression
technology or standard.  Also necessary for compliance can be that the complexity of the coded
video sequence s within bounds ag defined by the level of the video compression technology or
standard, In some cases, levels regttict the maximum picture size, maximum frame rate,
maxinmm reconstruction sample rate (measured i, for example megasaniples per second),
maximum reference picture size, and 5o on.. Limils set by levels can, m some cases, be further
rexstricted through Hypothetival Reference Diecoder (HRD) specifications and metadata for HRD
huffer management signaled in the coded video sequence,

j0076]  Inan embodiment, the recetver (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 wmay be used by the video decoder (410} to properly decode the
data andfor to more accurately reconstruct the ongingl video data. Additions! data can be in the
form of, for example, temporal, spatial, or signal noise ratio (SNR) enhancement fayers,
redundant shees, redondant pictures, forward error correction codes, and so an

0077} FIG. 5 shows a block diagram of & video encoder {303) according to an
embodiment of the present disclosure. The video encoder (503} 1s included in an electronic

device (3203, The electronic device (520} mclndes o transinitter (340) {e.g., ttansiniiting
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circuitry).  The video encoder (S03) can be used i1 the place of the video encoder (303} in the
FIG. 3 example.

[0878]  The video encoder (503} may receive video samples from a video sowrce (501)
{that is not part of the electronic device {52Q) in the FIG. 5 exaniple) that may capture video
imagels) to be coded by the video encoder (503}, In another example, the video source (501 is &
part of the electronic device (520).

{0079 The video source {301} may provide the source video sequence to be coded by the
video encoder (503} in the form of a digital video sample siream that can be of any suitable bit
depth (for example: 8 bit, 10 bit, 12 bit, . ), any colorspace {for example, BT.601 Y CrCR,
RGB, (., and any saiiable samphing structure (for example YV CrCh 4:2:0, Y CrCh 4:4:4). Ina
media serving systeny, the video source (501 ) may be a storage device stofing previously
prepared video, In a videoconferencing system, the video source {301) may be a camera that
captures local image information as @ video sequence. Video data may be provided as a plurality
of individua! pictores that impart motion when viewed in sequence, The pictures themselves
may be organtzed as a spatial array of pixels, wherein each pixel can comgprise one or more
samples depending on the sampling structure, color space, eto. tn use. A person skilled in the ant
can readity understand the relationship between pixels and samples. The description below
focuses on samples

{B080]  According to an embodiment, {he video encoder (503} may code and compress
the pictures of the source video sequence nto a coded video sequence (343) in real time or under
any other tme constraints gs required by the applicaton. Enforcing appropriate coding speed s
one function of a controller (550). Insome embodiments, the controller (550} countrols other
functional units as desoribed below and is fuctionally coupled to the other functional waits. The
coupling is not depicted for clarity. Pavameters set by the controller (550) can mclude rate
coutrol related parameters (picture skip, guantizer, lambda valoe of rate-distoriion optimdzation
technigues, ..}, picture size, group of pictures (GOP) lavout, yoaxdinnun motion vector search
range, and 50 forth. The controller (330} can be configured to have other suitable functions that
pertain 1o the video encoder (303) optimized for a certan system desig

[0St} Insome embodiments, the video encoder {503} is configured to operate in a
coding loop.  As an oversimplified description, i an example, the coding loop can include g
source coder (530) {e g, responsible for creating syntbolds, such as a symbol stream, based on an

input picture to be coded, and g reference picture(s)), and a (focal) decoder (533) embedded In



CA 03137296 2021-10-18

WO 2020/251743 PCT/US2020/034271

18§

the video encoder {5031, The decoder (333} reconstructs the symbaols to oreate the sample data in
a similar manner g5 @ (remote} decoder alse would create (as anv compression between symbols
and coded video biistream 15 lossless i the video compression technologies considered in the
disclosed subject matter). The reconstructed sample stream (sample data) is tnput to the
reference proture memory (3343 As the decoding of a symbol streain leads to bit-exact results
independent of decoder location (local or remote), the content in the veference picture memory
{534} 15 also bit exact hetween the Tocal encoder and remote encoder. In other words, the
prediction part of an encoder "sees” as reference pioture samples exactly the same sample values
a5 a decoder would "see” when using prediction during decoding. This fundamental principle of
reference pictiwe synchronicity (and resudting drift, if synchronicity cannot be maiatained, for
example because of channel ervors} is used in some velated ans as well.

{0682} 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 deseribed in detail sbove in
confanction with FIG 4. Briefly referring also to FIG. 4, however, as symbols gre 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 devoder (410}, including the
buffer wemory (415), and parser (420} may not be fully implemented in the local decoder (§33).

{0083]  An observation that can be made at this point is that any decoder technology
except the parsingfentropy decoding that is present in a decoder also necessarily needs to be
present, W substantially wlentical functional form, in & correspondding encoder. For this reason,
the disclosed subject matter focuses on decoder operation. The description of eacoder
technologies can be abbreviated as they are the inverse of the comprehensively describad
decader technologies, Only in certain areas a more detatl description ¥s required and provided
below.

{0084]  During operation, in some examples, the source coder {530) may perform motion
compensated predictive coding, which codes an juput picture predictively with reference to one
or more previously-coded pioture 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) 1o the mput picture.

{0685]  The local video decoder (533 may decede coded video data of plotures that may

he designated g3 reference piciures, based on syinbols cregied by the source coder (530).
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{Operations of the coding eugine (332} mav advaptageously 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 videe decoder
on reference pictures and may cause reconstrycted reference pictares to be stored o the reference
picture cache (334). In this manner, the video encoder {303} may store copies of reconstructed
reference pictures locally that bave conumon content as the reconstructed reference pictures that
will be obtained by a far-end video decoder {absent ransmiasion errors).

{0686]  The pradictor {335) may perform prediction searches for the coding engine {532}
That is, for & new pictare to be coded, the predictor (535} may search the reference picture
memory {334) for sample data (as candidate reference pixel blocks} or certain metadata such as
reference piciure motion vectors, black shapes, and so on, that may serve as an appropriate
prediction reference for the new pictures. The predictor {335} may operate on a sample block-
by-pixel block basis 1o find sppropniate prediction references. Tn somie cases, as determined by
search results obtained by the predictor (535), an input picfire may have prediction references
drawn fron multiple reference pictures stored in the feference picture memory {534}

{6087} The controller (530} may manage coding operations of the source coder {538},
including, for example, setting of parameters snd subgroup parameters used for encoding the
video data.

j0088]  Output of all aforementioned functional units may be sabjected 1o entropy coding
1 the entropy coder (5453, The entropy coder {345} trauslates the syvimbols as generated by the
various functional units into a coded video sequence, by lussless compressing the symbels
according to technologies such as Hulliman coding, variable length coding, anithmetic coding,
and so forth,

{0089]  The transmitter (340) may buffer the coded video sequence(s} as created by the
entropy coder (543) to prepare for transmission via a communication channel (560), which may
be a hardware/software Hnk o a stomage device which would store the encoded video dats. The
ransmitter (540¢) may merge coded video data from the video coder {303} with other data to be
transmutted, for example, coded audio data andior ancillary data streams (sources not shown).

[0098]  The controller (350 may manage operation of the video encoder (503}, During

coding, the controlier {350} may assign to each coded picture a certain coded pictuse type, which
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may atfect the coding fechmgies that may be applied {o the respective pictare. For example,
pictures pfien may be assigned as one of the fellowing picture types:

{0091 An Intra Picture (I pictore) may be one that may be coded and decoded without
usiing any other picture in the sequence as @ source of prediction. Some video codecs atlow for
different types of intea pictures, wcluading, for example Independent Decoder Refresh (“TDR™)
Pictares. A person skilled in the art is aware of those variants of | pictures and their respective
apphications and features.

{0692] A predictive picture (P picture) may be one that may be coded and decoded using
tnira prediction or miter prediction using at most ene motican vector and reference index to predict
the sample values of each block.

{00931 A bi-directionally predictive pictiwe {B Picture) may be ong that may be coded
and decoded using tra prediction or inter prediction using at most two motion vectors and
reference indices 1o predict the sample values of each block. Similarly, multiple-predictive
pictures can use more than two reference pictures and associated metadats for the reconstruction
of a single block.

[0894]  Source pictures commonly woay he subdivided spatially into a plurahty of sample
blocks (for example, blocks of 4x4, 8x&, 4x8, or 16x16 samples sach) and coded on a block-by-
biock basis. Blocks may be coded predictively with reference to other {already coded) blocks as
determined by the coding assignment applied {0 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 inira prediction).
Pixel blocks of P pictares 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 veference 1o one or two
previcusly coded reference pictures.

[0095]  The video encoder (503} may perform coding operations according to 8
predetermined video coding technology or standurd, such as ITU-T Ree. H265, In #s operation,
the video encoder (3033 may perform various compression operations, including predictive
coding operations that exploit temporal and spatial redundancies in the input video seqguence.
The coded video data, therefore, may conform to a syntax specified by the video coding

technology or standard being used.
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{0096]  Inan embodiment, the transmitter (540} may transmit additional data with the
encoded video. The source coder (330} may melude such data as part of the coded video
sequence. Additional data may compnse temporal/spatial/SNR enhancement layers, other forms
of redundant data such as redundant pictures and slices, SE messages, VU parameter set
fragments, and so on,

00971 A video may be caprurad as a plusality of source pictures {video pictures) in a
temporal sequence, Intrg-picture prediction {often abbreviated {0 inwrs prediction) makes use of
spatial correlation m a given picture, and inter-picture prediction makes uses of the (temporal o
other) correlation between the pictures. In an example, 3 specific picture under
encoding/decoding, which is refesred to a5 a current picture, is partitioned nto blocks, When a
block in the current picture is sinular (0 a refergnce biock m g previously ¢oded and still buffered
reference piciure in the video, the block 1 the carrent pictare can be coded by a vector that is
referred 1o as 8 motion vector. The motion vector points 1o the reference block i the reference
picture, and can have a third dimension kdentifing the reference pictwre, 1 case multiple
reference pictures are i usse.

[0098]  In some embodiments, a bi-prediction technigue can be used in the inter-picture
prediction. According o the bi-prediction technigue, two reference pictures, such as a first
reference picture and a second reference picture that are both prior in decoding order to the
current piciure in the video (but may be m the past and fufure, respectively, in display order) ave
usedl. A block in the current picture can be coded by a first motion vector that ponts 10 g first
reference block i the first reference picture, and g second motion vector that points tO g 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.

[0099]  Further,

K

a mesge mode technique can be used in the inter-picture prediction to
improve coding efficiency.

[0100]  According o some embodiments of the disclosure, predictions, such as inter-
picture predictions and intra-picture predictions are performed i the unit of blocks. For
example, according to the HEV( standard, 8 picture i a sequence of video pictures is
partitioned into coding tree units (CTU) for compression, the TTUS in a picture have the same
stre, such as 64x64 pixels, 32x32 pixels, or 16x16 pixels. In general, a CTU mcludes three
coding wee blocks {CTBs}, which are one huna CTB and two chroma CT8s. Each CTU can be

recursively quadtree sphit into one or muftiple coding units (CUs). For example, a CTU of 64x64
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pixels can be split into one CU of 64x64 pixels, or 4 ClUs of 32x32 pixels, or 16 CUs of 16x16
pixels. In an example, each CU 15 analyzed to determine a prediction type for the CU, such as an
tater prediction type or an intra prediction type. The CU s split info one or more prediction anits
{FLis) depending on the temporal and/or spatial predictability. Generally, each PU includes a
tama prediction block (PR}, and two chroma PBs. In an embodiment, a prediction operation in
coding (encoding/decoding) is performed in the unit of a pradiction block. Using a luma
prediction block as an example of g prediction block, the prediction block mchades a matrix of
values {e.g., loma values) for pixels, such as Sx& pixels, 10x16 pixels, 8x16 pixels, 16x8 pixels,
anit the like,

{81011  FIG. 6 shows a diagram of a video sacoder (603} according to another
embodiment of the disclosure. The video encoder (803} 1s configured to receive g processing
block {e g, a prediction block) of sample values within a curent video pieture I a sequence of
video pictures, and encode the processing block into a coded picture that 15 part of a coded video
sequence. Inan example, the video éncoder (603} 15 nsed in the place of the video encoder (303}
in the FIG. 3 example.

{0102 Inan HEVC example, the video encoder (603 ) receives a mafrix of sample values
for a processing block, such as a prediction block of 8x8 samples, and the like. The video
gncoder (603) determiines whether the processing block is best coded vsing intra mode, inter
mode, or bi-prediction mode using, for example, rate-distortion optimization. When the
processing block 15 1o be coded 1 intra mode, the video encoder (603) may use an intra
prediction techntque to encode the processing block inde the coded picture; and when the
processing block is 1o be coded in inter mode or bi~prediction mode, the video encoder (803)
may use an iter prediction or bi-prediction technigue, respectively, o encode the processing
block into the coded picture. In certain video coding techaologies, merge mode can be an inter
pictare prediction suhmode where the motion vector 15 derived from one or more motion vegtor
predictors withowt the benefit of a coded motion vector component outside the predictors. In
vertain other video coding technologies, 8 motion vector component applicable 1o the subject
block may be present. In an example, the video encoder {(603) includes other components, such
as a mode decision module (oot shown) to determing the mode of the processing blocks.

{0103} Inthe FIG. 6 example, the video encoder (603) includes the mter encoder (630},

a residue calealator (623}, a switch {626}, a residue encoder {624), a

3 it

an inira encoder {622

general controller (621}, and an entropy encoder (823} coupled together as shown in FIG, 6.
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{0104]  The mter encoder {630} 1s configured to recerve the samples of the current block
{e.z., a processing block), compare the block to one or more reference blocks in reference
pictures {e.g., blocks m previous pictures and later pictures), generate inter prediction
information {e.g., description of redundant information gccording to inter enceding technique,
motion vectors, merge mode information), and calculate inter prediction results {e.g., predicied
block) based on the iier prediction infornsation using any suitable technique. i some examgples,
the reference pictures gre decoded reference pictures that are decoded based on the encoded
video mformation.

{0105]  The intra encoder (622} is configured to recerve 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, penerate quantized coefficients after transform, and 10 some cases also intra prediction
miormation (e.g., an wnira prediction direction mformation 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 w
the same picture.

[0106]  The general controller (621} is configored to determine general control data and
control ather components of the video enceder (603) based on the general control data. Inan
gxample, the general controller (621) determines the made 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 controlier (631} controls the switch (62061 to select the intra nrode result for use by the
residue caloulator (623}, and controls the cotropy encoder (625) to select the inird prediction
information and melude the intra prediction inforoation in the bitstreany, and when the mode is
the inter mode, the general controller (621) controls the swiich (626} to select the mter prediction
result for use by the residug caloulator {623}, and controls the entrogy encoder (6257 to select the
mter prediction mformation and tinclude the inter prediction information in the bifstream,

{0107} The residue caleulator (623} is configured o caleulate a difference (residue data)
between the received block and prediction results selected from the intra encoder (622 or the
wier encoder (630}, The residue encoder (624) is configured to operate based on the residue data
to encode the residue data to generate the transform coetficients, In an example, the residug
encoder {624} 15 configured to convert the residue data from a spatigl domain to a frequency
domain, and generate the transform coefficients. The transform coefficients are then subject to

guantization processing to obtam quantized transform coefficients.  In vartous embodiments, the
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video encoder (603) also mictades a vesrdue decoder (628}, The residue decoder {628) 18
configured to perform inverse-transforny, and generate the decoded restdue data. The decoded
resicue data can be suttably used by the intva encoder (822) and the inter encoder (6303, For
pxample, the mnter encoder {630) can generate decoded blocks based on the decoded residue data
and ter prediction wnformation, and the intra encoder (622} can generate decoded blocks based
ont 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
mamory circuit (not shown) and used as reference pictures i some exanmples.

{0108]  The entropy encoder (623) is configured to format the bisstream to mnchude the
encoded block. The entropy encoder {625) s configured o include varions mformation
according to a snitable standard, such as the HEVC standard. In an example, the entropy
encoder (623} 15 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 suiable information in the bitstrearm. Note that, according to the
disclosed subject matter, when coding a block m the merge ssbimode of gither inter mode or bi-
prediction mode, there s no residue information,

{0109 FIG, 7 shows a diagram of a video decoder {710} according to another
srbodiment of the disclosure.  The video decoder (710} 15 configured to receive coded pictures
that are part of a coded video sequence, and decode the coded pictures to generate reconsiructed
pictures. In an example, the video decoder (7107 15 used n the place of the video decoder (310)
1 the FIG. 3 example.

{0110]  inthe FIG. 7 example, the video decoder {710} inclades an entyopy decoder {771},

an inter decoder {780), a residue decoder {773), a reconstruction module (774), and an ingra
decoder {772} coupled together as shown n FIG. 7.

{0111} The entropy decoder (7715 can be configured to reconstruct, from the coded
picture, certain symbols that represent the syntax elements of which the coded pictore is made
np.  Such symbols can include, for example, the mode 1 which a block 1s coded (such as, for
example, intra mode, inter mode, bi-predicted mode, the latter fwo in merge submode or another
submode), prediction information {(such as, for example, intra prediction nformation or iater
prediction information) that ean identify certain sample or metadata that i« used for prediction by
the ntra decoder {772} or the mter decoder (780), respectively, residual information in the form

of, for example, quantized transform coefficients, and the Like. Tn an example, when the
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predictionmode g inter or bi-predicted mode, the inter prediction information is provided to the
mter decoder {780); and when the prediction type is the intra prediction type, the inira prediction
wformation is provided to the intra decoder {772}, The residual mformation can be subject (o
inverse quantization and is provided to the residue decoder (773).

{01121  The inter decoder {(780) 1s configured to recerve the inter prediction information,
and generate inter pradiction results based on the mter prediction mformation.

[0113]  The intra decoder (772} is configured to veceive the intra prediction information,
and generate prediction results based on the intra prediction information.

{9114} The residue decoder (773} 15 configured o perfornt inverse guantization to exiract
de~-quantized transform coefficients, and process the de~quantized transform coefficients w
convert the residual from the frequency domain to the spatial domam. The residue decoder (773}
may also require certam control information (io meolude the OQuantizer Parameter {QP}), and that
information may be provided by the entropy decoder {771} {data path not depicted as this may be
tow volume control information only),

{0118]  The reconstruction module (774) is configured to combine, in the spatial domain,
the residual as outpit 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 reconstracted block, that may be
part of the reconstructed picture, which in turn may be part of the reconstrocted video. Tt is noted
that other suitable operations, sach as a deblocking operation and the like, can be pecformed to
inprove the visual quality.

{0116} 1t is noted that the video encodess (303}, {503}, and (603), and the video
decoders (310}, (410}, and {710} can be nuplemented wsing 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 nsing one or more processors that execote software instructions.

{1171 1L Transform Coding Technigues and Related Technigues

{0118} 1. DOTQ Primary Transtorm Examples

{0119 Insome embodiments, 4-point, &-point, 1-point and 32-point DOT-2 transforms
are psed as privoary transforms. FIGs. 8A-8D) show transform core matrices of 4-point, §-point,
1o-point, and 32-pomt DCT-2, respectively. Flements of those transform core natrices can be

represented using 8-bit imtegers, and thus those transform core matrices gre referred to as 8-bid
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transforiy cores, As shown, the transforny core matrix of a smaller BCT-2 is a part of that of 8
farger DCT-2.

{01200 The DCT-2 core matnices show symmetry/anti-symmetry characteristics.
Accordingly, a so-called “partial butterfly”™ implementation can be supported to reduce the
nuinber of operation counts (multiplications, adds/subs, shifis). Identical results of matrix
multiplication cans be sbtained using the partial busterfly implementation compared with that the
partial butterfly implementation 1s not used.

{0121} 2. Bub-Bluck Transtform Coding Examplex

10122] 21 Sub-Bloek Transform (SBT)

{01231  In some embodiments, a sub-block transform {SBT), also referved to as spatially
varying transform (SVT), 15 emploved. The SBT is applied to inter prediction vesiduals in some
embodiments, For example, a coding block can be partitioned into sub-blocks, only part of the
subeblocks is weated at a residual block. Zero residual is assumed for the reawining part of the
sub-blacks, Therefore, the residual block is smaller than the coding block, and a transform size
in SBT s smaller than the coding block size. For the vegion which is not covered by the residual
block, no transform processing is performed.

[0124]  FiGs. 9A-9D show sub-block types (SVT-H, SVT-Vi {e.g., vertically or
horizontally pantitioned), sizes and positions {e.u., left half, left quarter, right half, right quarter,
top half, top quarter, bottor half, botiom quarter) supported in SBT. The shaded regions labeled
by letter “A™ are residual blocks o be transform-coded, and the other regions are assumed to be
zero restdual without wwansform,

{0125) 22, Intra Sub-Partition (I15P) Coding Mode

{81261  Insome embodiments, an intra sub-pactition (ISPY coding mode I8 employed. In
ISP coding mode, a luam intra-predicted block can be partitioned vertically or horzontally 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 1s partitioned into two sub-partitions. FIG, 12 shows a scenario where g block is
pattittoned into fowr sub-partitions. In an example, all seb-pastitions fulfill 8 condition of having
at least 16 samples. In an example, ISP is not apphied to chroma components.

{01270 Inan example, for each of sub-partitiong partitioned from a coding block, a
residual signal is generated by entropy decoding respective coefficients sent frons an enceder and

then mverse guantining and mverse transtforming them. Then, a fivst one of the sub-partitions s
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intra predicted 1o generaie 8 pradiction signal. The prediction sigaal s added o the respective
residual signal of the fiest sub-partition to obtain corresponding reconstructed samples.
Thereafter, the reconstracted sample values of the first seb-partition can be available to generate
# prediction of a second one of the sub-partitiens. This process can be repeated sub-partition by
sub-partition, until all sub-partitions from the codimg block are reconstructed. In an example, all
the sub-partitions sharg a same intra mode,

[0128]  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 ISE, then a MPM flay
can be wferred to be one. I addition, when ISP is used for a certain block, then a respective
MPM Hist will be modified to exclude DU mode and to prioritize horizontal fntra modes for the
ISP horizontal sphit and ventical intra modes for the vertical ane.

{1129} In ISP coding mode, each sub-partition can be regarded as a sub-TU, since the
tramsform and reconstruction is performed individually for each sub-partition.

{8136] 3. Transform Coding with Expanded DUT-2 Transforms and Multiple
Transforn Sefection {(MTS)

{0131} In some embodimentis, when both the height and width of a coding block i
smalter than or equal to 64 samples, a transform size 13 always the same ay a coding block size.
When either the beight or width of ta coding block s larger than 64 samples, when performing
transform of mtra prediction, the coding block s further splst mto mltiple sub-blocks, wheve the
width and height of each sub-bleck is smaller than or equal to 64, and transform processing 15
performed on each sub-block.

{0132] 34 Transferm Coding with Expanded DUT-2 Transforms

{0133]  Insome embodiments, m addition to 4-poins, &pont, 16-point and 32-point DCT-
2 transforms described above, 2-pomt and 64-point DOT-2 transform can be used. FIGs. 13A-

{0134] 3.2 Explicitly Signaled Transform

{0135] 1o some embodiments, i additien to DOT-2 and 4x4 DST-7 transform coding, a
multiple transform selection {MTR) (also known as enhanced multiple tansform (EMT), or
adaptive multiple transform (AMT)) can be used for residoal coding of both inter and intra coded
blocks., The MTS uses multiple selected transforms from discrete cosine transform (DCT)/
discrete sine wansform (DST) families other than the DCT-2 and 4%4 DST-7 transforms. The

selection can be performed at an encoder and explicitly signaled from the encoder to a decoder,
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For example, the selected transforms ¢an include DST-7, or DCOT-8 transformas, PG 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.

{0136]  Tusome embodiments, MTS can be applied to CLIs with both a width and heighs
simaller than or equal to 32 samples. Whether to gpply MTS or not can be controlled by a flag
denoted by mis_flag. For example, when the mits_flag 1s equal to 0, only DCT-2 is applied o
coding a residue block, When the mts_flag is equal to 1, which indicates MTS is applied,
selected ansforms can be used. For example, an index, denoted by mits_idx, can further be
signaled using 2 bing to specify a horizontal and vertical transforns to be used.

{81371 FIG. 15 shows atable (1500) Hlustrating a mapping relationship between an
mis_idx value and réspective horizontal or vertical transforms. The row {1301) with the mits_idx
having a value of -1 corresponds 10 3 scenario where the mis_flag is equal to 0§ {which indicates
MTS is not applied), and DCT-2 transform is used. The rows (13023(13035) with the mits_idx
having a value of 0, 1, 2, or 3 corresponding (o0 & scenarto where the wts flag is equal to 1
{which indicate MTS is applied). In the right two cohwns of the table (1500),  represents a
transform type of DOT-2, 1 represents a transform type of DST-7, and 2 represents a transform
type of DUT-8.

{0138]  FiGs. 16A-16D show wansfonm core matrices of & DST-7 transform type, FHGs
17A-175) show fransform core matrices of a DCT-S wansform type.

0139 Insome embodiments, MTS can be enabled or disabled using high level syatax
{HLS) elewvents. Each of the HLS elements can be g video pavameter set {VPS) syntax element,
a sequence parameter set {SPS) syntax element, a picture parameter set (PPS) syntax element, a
slice hegder syntax element, a tile header syntax element, or 4 sile group header syntax element,
and the ke, FIG 18 shows an example of controlling usage of MTS using SPS syntax elements.
As shown, an SPS syntax element, sps_mits_ensbled flag, can be signaled to indicate whether an
MTS is enabled for a video sequence. When the MTS is enabled, two syniax elements,
to inclicate whether the MTS is enabled for coding inter or mtra predicted blocks, respectively.

[0140]  Inan embodiment, an imiphicit MTS 15 applied in case the above signaling based
MTS {referred to as explicit MTS) s not used. With the impliclt MTS, a transform selection can

be made according to a bock width and helght nstead of based on signaling. For example, with
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an implicit MTS, a DST-7 transform can be selected for a shorter side of a ransform block and a
DCT-2 ranstorin can be selected for g longer side of the transfern block,

{0141] 3.3 Scenavies Where Implicit Transform Selection Is Applied

[0142] o various embodiments, for certain scenanos, DST-7 andéor DCT-8 can be used
without being explicitly signaled. For example, DST-7 and/or DCT-8 can be used ymplicatly
basad on information that i3 available for both an encoder and & corresponding decoder. These
scenarios mclade:

{0143} 33.1 Iatra Sub-Pavtitioning (ISP)

10144]  For g residual block coded with an ISP mode, a horizontal transform is selected as
PISTV7 as fong as a block width of the vesidual block is greater than or equal fo 4 and less than or
equal to 16, and a vertical transform is selected as DET-7 as long as a block height of the residual
block is greater than or equal 10 4 and less thay or equal 1o 16,

[145]  33.2 Sub-Block Transform (SBT)

{0146]  Foran SBT mode, for a sub-TU Iocated at the left half {or quarter) or right halt
{or quarter} of a current CU, the horizontal ransform can be DCT-8 or DST-7, respectively.
Otherwise {a sub-TU has 4 same width with g cutrent CU), DUT-2 can be used sued. For & sub-
TU tocated ai the top half {or quaster) ov bottom half {or guarter) of a current CU, the vertical
transform can be DCT-8 or DST-7, respectively. Otherwise (8 sub-TU has a same height with a
current CU), DCT-2 can be used.

0147 3.3.3 MTS Disabled By HLS Elements

{0148}  For example, when the sps_mis_onabled flag is signaled as true, but both the
sps_explicit_mts intra_enabled flay and sps_explicyt_mits_inter_enabled flag are signaled as
false, for intra prediction residuals, & 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

{0149] 4. Non-S¢parable Secondary Transform (NSST)

{01506} 4.1 Imitial Design of NSST

[0151]  Insome embodiments, a mode-dependent non-separable secondary transform
{INSST) can be applied between a forward core transform and quantization {(at an encoder) and
between a de-quantization and invesse core transform {(at a corresponding decoder). To keep low

complexity, an N3ST can only be applied 1o low frequency coefficients after the primsary
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transforny in some embodiments. H both a width (W) and a height (1) of & transform coefficient
block s farger than or equal to &, then 8»8 non-separable secondary transform can be applied to
a top-left 88 region of the wansform coefficients block. Otherwise, if either Wor Hof a
transform coefficient block is equal to 4, a 4x4 non-separable secondary transforn: can be
applied and the 434 non-separable travsform i performed on the top-Teft min{®, W x min(R, H}
region of the transform voefficient block. The above wansforos selection rule i3 applied for both
lama and chroma components.

{0152}  Matnix multiplication implementation of a non-separable transform is described as
follows using a 434 input block as an examiple. To apply the non-separable transtorm, the 4x4
wmput block X

XKoo Xor Koz Koz

L e X X X -~

SR

Y30 Xa X X

is represented as a vector X:

T=[Xoo Xo1 Xoz Xos Xio X1 X1z X1z Xoo Xat X2z X2z Xso X3 Xz Xa33]'
{Eg. 2}

IMS3]  The non-separable transform s caleulated as,

F=v-%, {Eq. 3)
where F indicates the transform coefficient vector, and T is a 16x16 transform matrix. The 1ex1
coefficient vector F is subsequently re-orgamized as a 434 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 i the 4x4 coefficient block. In an example, 3 hypercube-givens
transtorm (HyGT) with butterfly implewsentation s nsed instead of mateix multiphicaton to
reduce the complexity of non-zeparable ransform.

[0154]  In ai example of NSST, there can be totally 35%3 non-separable secondary
transforms for both 4x4 and 8x8 block size, where 35 1s the munber of transform sels each
corresponding to an intra prediction mode, and 3 13 the number of NSST candidates for each
intra prediction mode. The mapping from an mtsa prediction mode o the transtorm set 1s
defined in a table (1900 shown m FIG. 19, For example, a transtorm set applied to
tama/chroma transfon coefficients can be speaitied by the corresponding luma/chroma intra

prediction modes according to the table (1800}, For intra prediction modes larger than 34 (e.g.,
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diagonal prediciion direction), the wansform coefficient block is transposed before/afier the
secondary transform at the encoder'decoder,

[0155]  Foreach tansform set, the selected non-separable secondary transform candidate
is further specitied by an explicitly signaled CU-level N3ST index. The mdex is signaled ina
bitstream once per intra CU after vransform coefficients and truncated voary bingrization i used.
The wruncated value 1s 2 incase 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-zere coefficient w g O,
The default value is zero when it 13 hot signaled. Zero value of this symtax element indicates
secondary transform is not applied to the cwrrent CU, values 1-3 indicates which secondary
transform from the set should be applied.

[0156]  NSST may be not applied for a block coded with g transforns skip mode. When
an NAST index is signaled for a CU and not equal to zero, NSST s not used for a block of'a
component that is coded with transform skip mode m the CUL When a CU with blocks of all
components are coded m fransform skip maode or the number of non-zero coefficients of non-
wansform-skip mode CBs is less than 2, the NSST index is not signaled for the CUL

{0187} 4.2 Reduced Size Transform (RST)

[G158] 1o sowe embodiments, a variant of NSST, referred to as reduced size transform
(RST), or low-frequency non-separable secondary sransform (LFNSTY, is emploved. The RST
uses a transform zero-out scheme. ‘Whether the intra prediction mode is Planar or DC is checked
for entropy coding the transform mdex of NSST.

[0159]  Inan example, 4 transform sets are applied, and each transtorm set includes three
RET transform cores. The RST wansform cores can have a size of 16x48 {or 16x64) (applied for
iransfonn coefficient block with a height and width both being greater than or egual to 8y o
1ox16 {applied for ransform coefficient block with sither height or width being equat to 4). For
notational convenience, the 16x48 (or 16x64) transform is dencted as RSTExS and the 16x16 one
as RET4x4.

{8160]  For RSTExE, two alternative transform coding processes {2000} and (21003 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.

[0161]  Inthe process (2000) of the FIG. 20 example, at an encoder side, a forward
primary iransform (2010} can first be performed over a residual block followed by a forward

secondary fransforn (2012) over coetficients generated from the forward primary transform

P
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{2010}, In the forward secondary tramsform (2012), the 64 coefficients of the 4x4 sub-blocks
ABAC/DY at the top-left comer of the coethicient black (2013) is represented into a 64-length
vector, and multiplied with & transform matrix of a size of 16x64 according to the equation (Eq.
3}, resulting in a 16-length vecter. The clements m the 16-length vector is filled back mto the
top-left 4x4d sub-block A of the coefficient block (2013}, The coefficients in the sub-blocks
B/CTD can take values of zexo. The resulting coefficients after the forward secondary transform
2012 ave then gquantized gt the step of (2014), and entropy-coded to generate coded bits ina
bitstream (2016).

{0162}  The coded bits can be received at a decoder side, and entrapy-decoded followed
by a de~quantization (2024} 1o 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'wo
obiain 64 costlicients that are filled back 1o the $x4 sub-blocks EA/GH. Thereafter, the
coeflicients in the block {2023} after the inverse secondary transform {2022} can be processed
withan inverse primary trangfornm (2020) to obtam g recovered residual block.

{01637 The process (2100) of the FIG. 21 example is simtlar to the process (2000) except
that fewer (48) coetlicients are processed during the forward secondary transform (2012},
Specifically, the 48 coefficients in the sub-blocks A/B/C are processed with a smaller fransform
matrix of @ size of 16x48. Usage of the smaller transforn mawix can reduce a memory size for
storing the transform matrix, and respective compuiation conmplexity.

j0164]  FiG. 23 shows an example CU-level syntax table (2200} where a syntax element
Hust ids indicating a selection of & LENST kemel is stgnaled at the end of CUevel symiax.

[0165] 43 Examples of RST Compuiation

{0166]  The main dea of g Reduced Transtorny (RT) 15 1o map an N dimensional vecior to
an R dimensional vector in a different space, where R/N {R <N} is the reduction factor.

{0167}  The RET matrix iy an RxN matrix as follows:

t3 Typ fys Ly
RO £ 7 T O o+ tax o
Pup = : % {kq. 4)
iy tay Uy L

where the R rows of the transform are R bases of the N dimensional space, The fnverse

transform matrix for RT is the transpose of #is ferward transform.
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{0188]  FIG. 23 shows & process (2301) of a reduced transform and a process (2302} of a
reduced inverse wansform. T represents an BST transform matrix having g dimension of RN,
and TV represents a transpose mairix of T having 1 dimension of NxR.

{0169]  In RSTRxS, a reduction factor of 4 {1/4 size) is realized. For example, instead of
&4x64, which 15 a conventional 8xR non-separable transform matrix size, a 16x64 divect matrix is
ased. The 64x {6 mverse R8T matrix is used at the decoder side to generate core {primary)
transform coefficients in 8x§ fop-left regions, The forward RSTExE vses 16x64 {or 8x64 for 8x8
block) matrices so that it produces non-zero coefficients only in the top-left 444 region within
the given 838 region. In other words, if RST is applied then the 8x8 region except the top-left
44 region will have only zero coefficlents. For RSx4, 16x16 {or 8x16 for 4x4 block) direct
matrix multiplication can be apphed.

{179) 1o addition, for RSTBxE, to further reduce the transform matnix size, instead of the
using the whole top-left Sx¥ coefficients (shaded sub-tlacks in FIG. 24A) of a residual block
{2410} as mput for calcudating a secondary transforny, the top-lefi three 4x4 sub-block
coefficients (shaded sub-blocks in FIG. 248) of the residual block (2410} are used as the inpuwt
for calculating the secondary transfomt.

{0171} Inan example, an mverse RST 13 conditionally applied when the following twy
conditions are satisfied: {1) 3 respective block size is greater than or equal 1o the given threshold
{Wo=d && He=4), and (1) a transform skip mode flag is equal to zero. For example, i both
widih (WY angd height {H) of & wransform goefficient block is greater than 4, then the RETSs8 s
applied to the top-left 828 region of the transform coefficient block, Otherwise, the RET4x4 g
applied on the top-left nun{8, W » mm(8§, H} region of the transform coeffivient tock.

{0172]  Inan example, when an RST index 13 equal to 0, BRST s not applied. Otherwise,
RST is applied, and a kernel is chosen with the RST index. In an example, R8T is applied for
mtra CU in both tntraand inter shices, and for both huma and chroma, Ha doal tree is epabled,
RST yndices for hama and chroma are signaled sepavately. For inter shice (the doal tree is
disabled), a single RST index i signaled and oséd for both huma and chroma. When an ISP
mode is selected, RYT is disabled, and RST index is not signaled.

01731 4.4 An Example of Selection of RST Transform Matrices

{0174 1o an example, an RST matrix can be selected from fowr wransforn sets, each of
which cousists of two transforms. Which transform set is applied can be deternuned based onan

applied inira prediction mode as follows, When one of three cross component linear model
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{COLM) modes) s mdicated, transtorn set O can be selected. Otherwise, the transform set
selection can be performed according to a table (2500) shown i FI(G. 25, The index to access
the fable (2500), denoted by InraPredMode, can be in a vange of {~14, 83}, which is a
transformed maode index used for a wide angle intra prediction for example.

{81751 S Matrix-Based Intra Prediction (MIP) Mode

[0176]  Insome embodiments, a matrix-based intra prediction {MIP} mode is employed.
FIG. 26 shows an examiple process (26003 of the MIP mode. For predicting the samples of 3
rectangular block (2610) of width W and height H, an MIP takes oue line of H reconswructed
neighboring houndary samples at the left of the block (2610) and one hne of W reconstructed
neighboring boundary samples above the block (2610} as input. 1f the reconstructed samples are
unavailable, the reconstructed samples can be generated in a similar way as i a conventional
mitra prediction.

[8177]  Generation of prediction signals can be based on the following three steps from
{2601 to (2603). Atthe step (2601), out of the boundary samples, four saroples in the case of
W=H=4 and eight samples in all other cases are extracted by averaging.

[0178]  Atthe step (2602), a matrix vector multiplication Aypbdry,, followed by addidon
of an offset by, is carried out with the averaged samples bdry,.g 85 an input. The result is a
reduced prediction signad on a subsamipled set of samples (2621} 1o the original block. The
matrix Ay and the offset by can be selected based on an MIP mode index k.

0179 At the step (2603), the prediction signal at the remaining positions {2622} 15
generated from the prediction signal on the subsarapled set (2621) by a hoear wterpolation which
is a single step linear interpolation in gach direction.

{0180  The matrices Ay and offset vectors Iy needed to generate the prediction signal can
be taken from three seta 5y, Sy, 5, of matrices. The set S consists of 13 matrices A}

L8 {0, ..., 17} sach of which has 16 rows and 4 columns and 18 offset vectors b, 1 € {0, ..., 17}
cach of size 16, Matrices and offset vectors of that set areused for blocks of size 4 X 4. The set
Sy consists of 10 matrices A}, 1 € {0, .., 9}, each of which has 16 rows and 8 columms and 10
offset vectors B, 1€ {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 Ab

A E {0, ..., 5}, each of which has 64 rows and § columns and of 6 offset vectors bb, 1 € {0, .., 5}
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of size 64, Matnices and offset vectors of that set or parts of these matrices and offset vectors are
used for all other block-shapes.

{0181} As shown, givenan 8§ X B block (2610}, MIP akes fowr averages along each axis
of the boundary, The resulting eight tnput samples enter the matrix vector muoltiphication, The
nratrices are taken from the set 3¢, This vields 16 samiples (2621} on the odd positions of the
prediction block. Thuy, a total of {8 16)/(8 - 8) = 2 mudtiplications per sanple are performed.
After adding an offset, these samples are interpalated vertically by using the reduced 1op
boundary samples. Horizontal interpolation follows by using the original left boundary samples,
The mterpolation procass does not require any multiplications i this case.

{0182} S0 Signaling of MIP Mode

j0183]  In some embodiments, for each Coding Unit {CU) in intra mode, a flag indicating
an MIP mode 1s applied on the corresponding Prediction Unit {PU) or not ¢an be sent in the
bitstream.  If an MIP mode is applied, the index predmode of the MIP mode i3 signaled using an
MPM-dist inclading 3 MPMs.

{0184]  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_mipiag
idx € {0,1,2}. and each table assoctate each conventional intra prediction mode predmode, g
with a specific MIP mode, as described in the following fornuila.
predmodeyy = map_angular_to_mip{predmodesnpua {Eq. 5)
where map_angular_to_mip i a fixed took-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 avatlable, ag described
below,

Hx{PU} = idx(W.H) € {8,1.2} {Eq. 6)
that indicates from which of the three sets the MIP parameters are to be taken above,

{01858]  In some examples, 0 generate the MPM list for current block which is coded by
MIP mode, an above MIP made, namely modeldi®, and a left MIP mode, namely model§lh, ave
firstly derived,

[0186]  The value of modelfi™ can be derived as follows:

- Ifthe above PU PU, 0 18 available, and it belongs to the same CTU where the

current PU resides, and PU g 15 coded by MIP using an MIP mode
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predmodeild™ and 1dx(PU) = 1dx(PUspore), (Eg. 73
modedli™ = predmode e {Fqg. &)

- Ifthe shove PU Pl v 18 avatlable and it belongs to the same CTU where the
current PU resides, and PU .0, 18 coded using a conventional intra prediction made

predmodediaii.

modeily” = mapﬁangu}arwmﬂﬁmip[_pn‘edmmieﬁi‘?{gfff,._u.}, {Eq. 9
~ Qtherwise,
Y . g ¥
modefip ™ = —1 {Eq. 10)

which means that this mode 18 unavailable,

01871 The value of madel§ts is derived in the same way of deriving modelle™ bo
without checking whether the left PU belongs to the same CTU where the curvent PU resides.

[B188]  Finally, given the derived modeffy” and model§ls and three pre-defined fixed
default MPM hists Histyy, idx € {0,1,2} each of which contains three distinet MIP modes, an
MIPM list is constructed. The MPM list is constructed based on the given default st Hstiaxru
and modeild® and modelil, by subststuting -1 by default values as well as ramoving duplicate
MIP modes.

[0189]  Asao example, FIG. 27 shows a Cll-evel syntax table where the flags signaling
MIP modes are shown in a frame (2701),

j0190] 5.2 MPM-List Derivation for Conventional Intra~-Prediction Modes

0191} In some embodiments, the MIP modes are harmonized with the MPM-based
coding of the conventional Intra-prediction modes as follows. The lunia and chroma MPM-list
dertvation processes for the conventional infra-prediction modes uses separate fixed tables
map_mip_to_angulary,, idx € §8,1,2}, which map an MIP-mode predmodeyp to one of the
cotverttional intra-prediction modes,

predmodes,eue = map mip_to_angular[predmodeyp]. (Bq. 11)

where map_mip_to_angular is a fixed look~up table, For the loma MPM-list dertvation,
whenever a netghboring luma block 1 coded by an MIP mode predmodeyp, this block s
weated as if 1t was using the conventional intra-prediction mode predmodes e, For the
chroma MPM-list derivation, whenever the current luma block uses an MiPamode, the same

mapping is used to translate the MIP-maode to a conventional intra prediction mode.
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{0192]  HL Implicit Transform Selection Enabling Based on High Level Syntax
Elements or Block Level Syntax Elements

{0193} Insome emboduments, two transform coding schemes, mphictt transform {or
referred to as implicit transform selection) and explicit transform (or referred o as explicit
transfonm selection), can be emploved.

{0194]  In imaphicit transform, a group of non-DCT2 wransforms (e, DRT-1, DBCT-3,
DST7, DOT-8, DST-4, DCT-4) can be selected withowt sransform index signaling. For
example, a group of non-DOT2 ransforms can be selected using already coded information that
is available to both an encoder and a coresponding decoder. The shready coded information can
mclude, but pot Hmited {o, intra prediction mode (e.g., planar mode, DC mode, angalar modes),
block size, block width, block heighy, block aspect ratio, blogk area size, intra coding mode (e.g.,
whether mudtiple reference tme (MRL), ISP, MIP 15 used), posiion of selected spatial merge
candidates {2.g., top merge candidate, left merge candidate), inter prediction mode {e.g., tuter
position dependent prediction combination (inter-PDPCY wode, corobined inter intra prediction
{CHP) mode}.

[0195] 1o contrast, i explicit transformy, one transform can be selected from a group of
transform type candidates (such as DOT-2, DST-1, DOT-5, DST-7, DUT-E, DST-4, DOT-4) with
an index signaled to indicate which transtorm type is selected.

{0196] L. Implicit Transform Enabling When Explicit MTH Is Disabled

0197 Insome embodiments, as described i the section 1132, for an intra prediction
residual block which is not coded by ISP, implicit transform selection ¢an 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_mis_intra_enabled flag and sps_explicit_mits_inter_enabled flag, are both §, a
decoder can determine to enable the implictt transtform selection for pictares or blocks assoctated
with the SPS synfax elements.

{0198] A an example, FIGs, 28A-288 in combination show a text {2800} specifving a
ranstorm coding process of performing explicit or imphicit transform selection for a current
block based on related symtax elements recetved from a bitstream.  The text (2800) can be used
as a part of a video coding standard, Two sections (2801} and {2802} are shown i FIG, 284,

and one section {2803} and two tables {2804 and (2805} are shown in FIG. 288,
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{0199]  In the section (2801}, myputs to and output of the transform coding process are
described. Specifically, location, size, color compenent, myverse-quantized transform
coctficients of the current block are the inputs, and residual samples after an tnverse transtorm
processing using selected transforms are the ougput.

{0200]  In the section (2802), derivation of a variable, denoted by impheithisEnabled, 15
described. The variable indivates whether implicat selection i3 enabled.  As described, ifan SPS
syntax clement, sps_mits_enabled flag, is equal 1o 1 {which mdicates MTS is enabled for
pictares or blocks associated with this SPS syntax element}, implicitMisEnabled is equal to
when onte of the three following conditions s true: (1) an ISP s used for coding the current block;
{1t} SBT is enabled and both sides of the current block s smaller or squal to 32, which indicates
SBT s used; or (i6) sps_explicit_mits_intra_enabled flag and
sps_exphiod_mts ter enabled flag are both equal to 8 Owhich mdicates explicit MTS 13
disabled for both intra and inter coded blocks), and the curvent block is intra coded. Otherwise,
imphcitMisEnabled ts set equal to 0, which indicating yoaplicit transform selection i disablesd for
the current block.

{02011 As deseribed in the section {2802}, sccording to condition (1), for an intra
predicted block coded with an ISP mode, implicit iransforny can be enabled for coding this intra
predicted block. According to condition (i), for an intra predicted block not coded with an ISP
mode, when explicit MTS is disabled for both intra and mier predicted blocks, implicit transform
can be enabled for coding the intra predicted block not coded with the ISP mode.

[0202] o the section (2803); vertical and hortzontal franstorms are determined according
1o the variable implicitMisEnabled, the inputs to the process, and the related syntax elements.
For example, when both sps_explictt_mits_intra_ensbled flag and
sps_explicit_mis_inter enabled flag are equal to 0, the current Mock (that is of luma component
and intrg predicied) can be given a hortzontal transform kernel (Ondicated by tr'Typeton) and a
vertical transform kernel {indicated by o4 TypeBer) according 10 expressions {3-1y and (3-2),
respectively.

{02031  In the tables (2804) and {2803), the muubers 1 and 2 {or indicating horizontal or
vertical ransform kernel tvpes indicate a DST-7 wranstform and a DOT-8 wansform, respectively,
while the nuwnber 0 mdicates 2 DUT-2 transtorm. In some examples, DST-4 transforms can be

used in place of the DST-7 ransforms.
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{0204]  In the examples of FIGs, 28A-28B, for blocks controlled by the HLS elements
sps_exphicit_mits_mra_enabled flag and sps_exphieit_mits inter_enabled flag, exphicit MTS for
wter coded blocks and unplicit transform for mira coded blocks (non-1SP ¢coded) cannot be
cogxist, However, imphcit transform selection on intra prediction residual block does not need
to be necessarily dependent ona HLS element {e.g., sps_exphicit mts inter enabled fag)
controliing MTS enatling for intey prediction restduals. Thus, in some embodimenss, for an
mitra-coded block which is not predicted by ISP mode, whether tmplictt transform can be applied
depends on whether MTS can be applied for intra prediction residual {e.g., a value of
sps_explicit_mis_intra_enabled flag), but does not depend on whether MTS can be applied for
infer prediction residual (a value of sps_explicit_mits_inter_enabled Hag) With such a control
mechanism, it is allowed to have inter MTS {exphicit MTS applied to an tnter predication
residual block) and mophicst transfovmn (for intra prediction residuals) both enabled
simultanecusly.

{0208]  For example, 8 fivst and second HLS elements can he received at o decoder. The
first and second HLYS elements control a same set of pictures or regions {e.g., a vide sequence, 8
picture, @ shice, a tile, and the like) that can inchude intra coded residual blocks and iater coded
residual blocks, The fisst HLS element indicates whether explictt MTN i3 enabled or disabled for
the respective intra coded residual blocks, while the second HLS element indicates whethey
explicit MTS 13 enabled or disabled for the respective mter coded residual blocks. With respect
to the terns of tuter MTS, an explivit MTS applied to an intra coded residual block can be
referred to asan ntra MTS.

{0206]  When the first HLS element mdicates explicit MT is disabled for the inwra coded
residual blocks, the decoder can accordingly determine to enable inpliost teanstorm (or timplicit
MTE) for the intra coded blocks without considering a value of the second HLS element. For
example, the second HLS element can be either @ or 1, which does not affect the enabling of the
implicit transform for the intea coded residual block.

{02071 Asan example, FIG. 29 shows maodifications {2900} to the text {2800) that
correspond to the implicit transform enabling scheme where hnplictt ransform for intra residual
blocks and explictt transforn for inter residual blocks can coexist. In the modifications (2900}, a
removed text is marked with a striketbrongh, while gn added text is marked with an onderiine.
As shown, the condition of sps_explicit_mis_inter_enabled flag being 0 has been removed.

{0208] 2. Implicit Transform Disabling When Other Coding Tools Are Enabled
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{02091 Insome embodiments, whether an implicht transforny can be applied to an intea
coded block {that s not predicted by ISP mode} depends cn whether a specific coding tool is
enabled as indicate by a HLS element.

{0210] 2.1 When NSST Is Enabled

{0211} Inan ewbodiment, an wnplicit transform can be disabled for an mira coded block
{that is not predicted by ISP mode) when a HLS element indicates NSST is enabled. For
example, as described in the section 4.1, the transform matrix T 15 used in the equation (Eq. 3)
for the secondary transform processing. The transforny matrix T can include constant elements,
and be designed with an assumption of 3 certain statistics of targeted coefficient blocks, such as
coefficient blocks resulting from an explictt ransform selection. Thus, a coefficient block
resulting from an implicit transfonm selection may not maich with the NSST in terms of statistics
of respective coeflicients. For example, applying an NSST to vesults of an waphicit transform
may not improve coding performance. For the above reason, disabling implicit wansform when
NA&ST is enabled may be desivable,

{02127 In this disclosure, the teom NSST can be used to refer to a family of non-separable
secondary transforn coding schemes, such as the inftial design of NSST, RST, LFNST, or the
like,

{0213]  Forexample, a decoder may regeive two HLS slements: one HLS element{e.g.,
sps_explicit_mis_iira_enabled Hag) indicates explicit MTS 1s disabled, while the other HLS
elenment {e.g., sps_linst_enabled flag) indicates an NSST 15 enabled. Accordingly, the decader
can detenmine not to enable an noplicit transform for intra coded blocks condralled by those two
HLS elements. In contrast, if one HLS element indicates explicit MTS iz disabled, and the other
HLS element indicates an NAST is also disabled, the decoder can detenmine o enable an implict
transform for respective intra coded blocks.

{0214]  As an example, FIG. 30 shows modifications {3000} to the text (2800) that
correspond 10 a scenario where an imphicit transform is enabled when an NSST i¢ disabled. As
shown, an gdditional restriction, “sps_fust_enabledflag is equal to 07 iy added to the condition
{111} for dertving the variable mophicitNisEnabled.

0218 2.2 When MIP Is Enabled

[0216]  Similar to the scenario where an NSST is enabled, w some embodiments, implicit
transform is disabled for an intra coded block {that is not predicted by ISP mode) when a HLN

element indicates an MIP is-engbled. For example, applying an MIP intrg coding mode to &
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block may resuliing 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 asswne residual statistics resulting from regular intra modes. Therefore,
disabling implicit transform: may be desirable when an MIP s enabled.

{02171 Por example, a decoder may receive two HLS elements: one HLS element {e.g.,
sps_explicit_mis_intra_enabled_flag) indivates sxplicit MTS is disabled, while the other HLS
element {e.g., sps_mip_enabled flag) mdicates an MIP 15 enabled, Accordingly, the decoder can
determine not to enable an implicit transform for intra coded blocks conwolled by those two HLS
plements. In contrast, if both the explictt MTS and the MIF are disabled as mdicated by the two
HLS elements, the decoder can determine to enable an imphicit transform for respective intra
coded biocks.

{0218]  As an example, FIG. 31 shows modifications (3100} to the text (2800) that
correspond {0 & scenario where an implicit transform is enabled when an MIP is disabled. As
{111} for deriving the variable implicNisEnabled.

{0219 3 Implicit Transform Enabling Based on Block Level Syntax Element
indications

{0228] 1o some embodiments, whether an imphcit transform can be apphied to an intra
caded block (that 13 not predicted by ISF mode) depends on whether MTS, NSST or MIP 13
applied to the inwa coded block as indicate by blogk level svmax clements,

{0221} 31 When MTS And NSST Are Not Applied

{0222] o an embodiment, whether implicit transform can be applied to an intra coded
hlock depends on whether both MTS and NSST ave not applied to the intra coded block as
mdicated by block level synlax elements.

{02231 For example, a decoder can receive a fivst and second CU level (or block level)
syntax elements assoctated with a current block that is intra coded and not predicted by 18P
nde. The current block may be located at g position of coordinates | x0 1] y0 Twithin g
proture,

[0224]  The first CU fevel syntax element (e.g., v mts idx{ x0 1 { v0 T} may indicate
DCT-2 transforms can be used for the current block mstead of trangforms vsed n MTS {e.g.,
DST-7, DOT-8, DOT-4, or the Like). As an example, in the table {2804}, when tu_mits xdx{ x0 }{

y( 1 has a value of 8, the variables of tr'TypeHor and uTypeVer both have a value of §, which
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mndicates the borizondsl and vertical fransforms are DOT-2 ansforms, and no DSTYY or BCT-8
transtorms are applied. The second €U level syntax olement {e.g., Hnst_sdx { x07{ v0 ) may
wmdicate NSST 15 not apphed lo the curvent block. Based on the above fivst and second T Tovel
symiax elements, the decoder can determine to enable an implicis MTS for the current block,

{0225 Incontrast, if the first and second CU level syntax elements mdicate MTS 18
applied (tu_mis_idx] x0 J{ v0 Thas a valug of 1, 2, 3, or 4), or NSST i3 applied (Mnst_sdx { x0 1
¥0 | bas g non-zero value), the decoder can determine to disable an inplicit MTS,

{0226]  Asan example, FIG. 32 shows modifications {3200) to the text {(2800) that
correspond to @ scenario where both MTS and NSST are not apphied to 8 current block., As
shown, the original condition (11} in the text (2800} is veplaced with a condition that two O
level svatax elements “tu_mts_idx]{ X0} v0 ] and Hnst 1dx] 0 }{ v0 ] are both equal to 07,

{62277 3.2 When MTS, NSKT, And MIP Are Not Applied

{0228]  In an embodiment, whether implicit transtorm can be applied to an tntra coded
block depends on whether MTS, NEST, and MIP are not applied to the inira coded block as
indicated by block level syntax glements. Compared with the section 1131, one more coding
tool, MIP, 15 additionally considered.

{0229}  Forexample, a decoder can recetve a first, second, and third O level {or block
level) syntax elements associated with a current block that is torrg coded and not predicted by
ISP mode. The current block may be located at g positioyy of coordinates | x0 } [ v0 ] withina
pHctare,

{0230]  The first CU level syntax element (eog., to_mts adx{ x0 1 { y0 ]y may indicate
D2 transforms can be used for the current block instead of transforms used in MTS. The
second CU level syntax element {e.g., Hist idx [ x0 1{ v0 1) may tndicate NSST 15 not applied o
the current block. The third CU level syntax element {e.g., tu_mip_flag} nay indicate MIP 45 not
apphied to the current block. Based on the gbove three CU level syntax elements, the decoder
can defermine to enable an implict MTS for the current block.

{0231} tncontrast, if the above three CU tevel syitax elementy indicate MTS is applied
{ta_mis_wdx{ x0 }{ y0 T has a value of 1, 2, 3, or 4), NSST 15 applied (st i {x0 ][ v0 I hasa
disable an implick MTS.

{02321 As an example, FIG. 33 shows modifications {3300) 1o the text {(2800) that

correspond to g scenario where oone of MTS, N3ST, or MIP is applied to g corrent block. As
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shown, the original condition (81} in the text (2800} 1s replaced with a condition that three CU
level syntax elements “te_mits_idx{ x0 }f y0 ], intva_mip_flag] x0 i vO ] and lnst_wdx{ x0 ] y0 ]
are all equad 1o 07

[0233] 4. Examples of Transform Coding Processes

{0234]  PiGs. 34236 show How charts of transform coding processes (3400), {3500), and
{3600} according to sonte enthodinents of the disclosure. The processes (34003, (3500, and
{3600Y can be used m tmrverse transform processing at g decoder to generate a resudual 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}, (2249, €230} and {241}, the provessing circuitry that performs fanctions 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, (3300, and {3608} can be tuplemented i
software instructions, thus when the processing cireuitry executes the software instractions, the
processing cireuitry performs the processes {34003, (3300}, and (3600).

{02351 4.1 The process (3400): Implicit Transform Enabling When Explicit MTS s
Disabled

[6236]  The process (3400} starts from (83401}, and proceeds to (83410}

{02371 At(83410), a first HLS glement is received at a decoder. The first HLS element
can indicate whether an exphicit MTS 1 disabled for an intra coded block. For example, the mura
coded block s under reconstruction, and thus can be referred to a5 a currant block. The first
HLS element may be associated with a set of coding blocks that include the corrent block,

{0238] At ({S3420), a second HLY element 15 veceived at the decoder. The second HLS
element can indicate whether an explicst MTS is enabled for an tmter coded block. For example,
the second HLS glement can be associated with the same set of coding blocks as the fisst HLS
element, Both the current block and the inter coded block are wictaded in the set of coding
blocks.

{0239] A (83430), the decoder can determing to enable tmplicit MTS for the current
block when the first HLS element indicates the explicit MTS i disabled for the tra coded
block, and the second HLS element indicates the explicit MTS s enabled for the mter coded
block. The process (3400) can proceed to {53499}, and tenminates at (53499

{02407 42 The Process (3500) Implicit Transform Disabling When Other Ceoding

Tools Are Enabled
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{0241]  The process (35007 starts from (S3501), and proceeds o (83510},

02421 At{S3510), a fisst HLS clement is veceived ata decoder. The first HLS element
can indicate whether an explicit MTS is enabled for an ntra coded block. The intra coded block
can be g block ynder reconstruction, The first HLS element controls a set of coding blocks
inchuding the intra coded block

[0243]  AU{S3520), a second HLS element ia received at the decoder. The second HLS
element can indicate whether an NSST or MIP 15 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.

[0244]  AC(S3530), the decoder can determine whether 1o enable an implicit MYS for
provessing the intra coded block based on the first and second HLS elements. For example, the
decoder can determine 1o enable the maplictt MS for the intra coded block when the first HLS
element indicates the explicit MTN is disabled for the intra coded block, and the second HLS
clement wedicates the NSST or the MIP is disabled for the intra coded block. Alternatively, the
decoder can determine 1o disable the mmphioit MTS for the inwra coded block when the first HLS
element indicates the explicit MTS 15 disabled for the mitva coded block, but the second HLS
element indicates the NEST or the MIP is enabled for the intra coded block. The process (3500}
can proceed 10 {(S3599), and tenminates at (835991

{0245] 4.3 The Process (3600% Implicit Transform Enabling Based on Block Level
Syntax Element Indications

[0246]  The process (3600} starts from (83601), and proceeds 1o {83610,

[0247]  ArS{3610), an intra coded block is received at 8 decoder. The intra coded block
can be associnted with g first block level syatax 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 belotigs to a CU that includes CU level syntax elements including the first
and second block level syntax elements.

{0248]  As(83620), the decoder can determine whether to enable an implicit MTS for the
mira coded block based on the first and second block level syntax elements. For example, the
decoder can determine to enable the implictt MTS for the intra coded block when the first block
level syniax clement indicates the MTS 15 not applied, and the second block level syntax element
indicates the NSST is notapplied. Alternatively, the decoder can determine to disable the

imphicit MTS for the intra coded block when the first block level syntax element indicates the
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MTH is not apphied, but the second block level syntax element indicates the NSST is applied.
The process (3600) can proceeds to {S3699), and terminates at (83699),

{0249 IV, Computer System

{0250]  The technigues described above, can be mplemented as computer software using
computer-readable wmstructions and physically stored in one or more computer-readable media,
For example, FIG. 37 shows a computer system {3700} surtable for implementing certain
embodiments of the disclosed subject matter,

{0251]  The computer software can be coded using any suitable niachine code or
contputer fangnage, that may be subject to assembly, compilation, Hinking, or like mechanisms to
create code comprising instructions that can be executed divectly, or through interpretation,
micro-code execution, and the like, by one or more computer central processing units (CPUs),
Ciraphics Processing Unats (GPUs), and the like

[0252]  The instructions can be executed on various types of computers or components
thereof, including, for example, personal computers, tablet compuoters, servers, smatrtphones,
gaming devices, internet of things devices, and the like.

{02531  The components shown in FEG. 37 for computer system (3700) are exemplary in
nature and are not intended to suggest any Hmitation as to the scope of use or functionality of the
computer software implamenting embodiments of the present disclosure. Neither should the
contiguration of components be interpreted as having any dependency or requirement relating to
any one or combination of components ilustrated 1n the exemplary embodiment of 3 computer
system {3700},

.y
‘,\’

{0254]  Computer systern (3700} may melude certain human interface input devices,
Such g lnpnan interface input device may be respongive 10 input by one or more hunan users
through, for example, tactile input (such as: kevstrokes, swipes, data glove movements), audio
mput {such ast voice, clapping), visual mput {such g5 gestures), olfactory input (not depicted).
The homan interface devices can also be used to capture certain media not necessartly directly
refated to conscious input by a human, such as audic (uch ast speech, music, smbient sound},
images (sach as: scanned images, photographic images obtain from a stifl image camera), video
{such as two-dimensiongl video, three-dimensional video including stereoscopic video).

{0255]  Ioput human interface devices may melode one or more of {only one of each
depicted): keyboard {3701}, mouse (3702), trackpad (3703}, touch screen {3710}, data-glove {not

shown), joystick (3705, mucrophone (3706), scanner (3707}, camera {3708},
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{0256]  Compuier systera (3700} may also inchide certain human wnter{ace oniput devices.
Such human interface cutput devices mmay be stimulating the senses of one or nrore human users
through, for exanmple, tactile output, sound, light, and smell/ftaste. Such human interface output
devices may include tactile output devices (for exanple tactile feedback by the touch-screen
{3710}, data-glove {not shown), or joystick (3708}, but there can also be factile feedback devices
that do not serve as input devices), audio output devices (such as speakers {3709), headphones
{not depicted)), visnal output devices {such as screens (3710} o wchude CRT sereens, LED
screeny, plasma screens, OLED screens, each with or without touch-screen inguat capalulity, sach
with or witheut tactile feedback capability—some of which may be capable to output two
dimensional visual ouiput or more than thres dimensional outpet through means such as
stereographic outpot] virtual-reality glasses (not depicted), holographic displavs and smoke tanks
{not depicted)), and primters (not depicted).

[0257)  Computer system (3700} can also mctude hunan accessible stovage devices and
their associated media such as optical wedia inclughing CDYDVD ROMRW (3720) with
CRDVD or the like media (3721), thumb-drive (3722), removable hard drive or solid state drive
{3723y, fegacy magnetic media such as tape and Hoppy dise (not depicted), specialized
ROM/ASIC/PLD based devices such as security dongles {not depicted), and the Bke.

{0258]  Those skilled m the an should alse understand that ters “conputer readable
media” as used in connection with the presently disclosed subject maiter does not encompass
transnussion media, carrier waves, or other transitory signals.

{0259 Computer system {3700} can also inclode an interface to one or more
conumnunication networks, Netwinks can for example be wireless, wireling, optical. Metworks
can further be {ocal, wide-area, metropolitan, vehiontar and industrial, veal-time, delay-tolerant,
and so on. Examples of networks melude local area petworks such as Ethernet, wireless LANs,
cellular networks to include GSM, 3G, 4G, 56, LTE and the like, TV wireline or wireless wide
area digital networks to include cable TV, satelhite TV, and terresivial broadeasi TV, vehicular
and industrial to include CANBus, and so forth. Certain networks commonly require external
network mierface adapters that attached to certain general purpose data ports or peripheral buses
{3749) {such as, for example USH ports of the computer system {3700)); others are commonly
mtegrated into the core of the compater system {3700) by altachment 1o a system bus as
described below {for example Ethernet interface into a PC computer system or cellular network

interface mto g smartphone computer system). Using any of these networks, computer system
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{3700} can communticate with other entities. Such commumication can be uni~divectional, recetve
ondy {for example, broadeast TV), uni-directianat send-ounly {for example CANbas to certain
CANbus devices), or bi~divectional, for example to other compuier systens using local or wide
arga digital networks, Certain protocols and provecol stacks can be used on each of those
networks and network interfaces as described above.

{0260  Afuvrementioned buman interface devices, human-accessible storage devices, md
network mterfaces can be attached to a core {3740) of the computer systemn {3700).

{0261}  The core (3740) can mnclude 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)Y (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 intemnal non-user aceessible hard drives,
SSDs, and the ltke (3747), may be connected through a system bus {3748). In some computer
systems, the systern bus (3748) can be accessible in the form of one or more physical plugs to
enable extensions by additional CPUs, GPU, and the like. The peripheral devices can be
attached either directly to the core’s system bus (3748}, or through a peripheral bus (3749}
Architectares for a peripheral bus include PCE, USR, and the Bke,

0262]  CPUs{(3741), GPUs (3742), FPGAs (3743), and accelerators {3744) can execute
certain insfructions that, in combunation, can make up the aforementioned computer code. That
computer code can be stored n ROM {3745) or RAM {3746}, Transitional data can be also be
stored in RAM (3746}, whereas perroanens data can be stored for example, in the internal mass
storage (3747}, Fast storage and rewrieve to any of the memory devices can be enabled through
the use of cache memory, that can be closely assoctated with one or move CPU (3741, GPU
{3742), mass storage (3747), ROM (37451, RAM (37461, and the like.

{0263]  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 &isclosure, or they can be of the kind
well known and available 1o those having skill in the computer software arts.

{02641  As an examypde and not by way of limitation, the computer svstem having
architecture (3700}, 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
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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-fnternal mass storgge
{3747y or ROM (3745). The software aplementing various embodiments of the present
disclosure can be stored w such devices and executed by core (3740). A conputer-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, GPL
FPGA, and the like) to execute particular processes or particular parts of particular processes
described herein, including defining data structures stoved m RAM {3746) and modifying such
data structures gecordmg 1o the processes defingd by the software. In addition ¢r as an
alternative, the computer systen can provide functionality as a result of logic hardwired or
atherwise embodied in g circuit {for example: accelerator (3744)), which can operate in place of
or together with software to execute particular processes of particular parts of particular
processes described herein. Reference o software can encompass logic, and vice versa, where
sppropriate. Reference to a compiter-readable media can encompass a circoit (such as an

gic for execution, or

-~

integrated civeutt (1)) storing software for execution, a circuit embeodying lo
both, where appropriate. The present disclosure eacompasses any suitable combination of

hardware and software.

Appendix A: Acronyms
AMT: Adaptive Multiple Transform
ASIC: Application-Specific Integrated Cirouit
BMS: benchmark set
CANBus: Controller Area Network Bug
CCLM: Cross-Component Linear Model
€D Compaet Disce
COT: Compound Orthonormal Trapsform
CPUs: Central Processing Units
CRT: Cathode Ray Tube
{1Bs: Coding Tree Blocks
CTUs Coding Tree Units
CU: Coding Linit

BVD: Dhgital Video Disc
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EMT: Enhanced Multiple Transtonn
FPGA: Field Progranmumable Gate Areas
GOPs: Groups of Pictures

GPUs: Graphics Processing Unidts
GSM: Global System for Mobile communications
HDR: bigh dynanuce range

HEVC: High Efficiency Video Coding
HLS: High-Level Syntax

HRID: Hypothetieal Reference Decoder
IBC Intra Block Copy

1C: Integrated Ciroudt

DT Identity wansform

ISP Intra Sub-Partitioning

JEM: joint exploration model

IVET: Joint Video Exploration Team
KLT: Karhunen-Loéve Transfonm
LANT Local Area Network

LCD: Liquid-Crystal Display

LENST: Low-Frequency Non-Separable Secondary Transform

LTE: Long-Terin Evolution

MIP: Matrix-based Intra Prediction Mode

MRL (or MRLPY Multiple reference line prediction

MTS: Maluple Transtorm Sefection

MV Motion Vector

NSRT: Non-Separable Secondary Transform
OLED: Organic Light-Emutting Diode

PBs; Prediction Blocks

PCL: Peripheral Component Interconnect
PLI: Programmable Logic Device

PPY; Picture Parameter Set

L Prediction Linit

RAM: Random Access Memory

PCT/US2020/034271
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ROM: Read-Only Memory

RST: Reduced-Size Transform
SBT: Sab-block Transform

SDR: standard dynamoic range
SEL Supplementary Ephancement Information
SNR: Signal Noise Ratio

SPN; Sequence Parameter Seb
SSD: solid-state drive

SVT: Spatially Varving Transfonm
TSM: Transform Skip Mode

TUs Transform Linits,

USB: Umiversal Serial Bus

VP& Video Parameter Set

VU Video Usability Information

VYV versatite video coding

PCT/US2020/034271

[0265]  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 i the art will be able to devise numerous

systems and methods which, although not explicitly shown or deseribed herein, emnbody the

principles of the disclosure and are thus within the spirit and scope thereof
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WHAT IS CLAIMED 1%

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

receiving a first high level syntax (HLS) element yndicating whether an explicit ymidtiple
transform selection (MTS) is enabled or disagbled for an mtra coded block;

receiving a second HLS element indicating whether the exphicit MTS is enabled or
disabled for an inter coded block, wherein the first and second HLS elements control a ssne sét
of coding blocks that mclude the mtra caded block and the mter coded block; and

enabling an imphicit MTS for the intra coded block when the first HLS element indicates
the explictt MTS is disabled for the intra coded black, and the second HLS clement indicates the

explicit MTS ix enabled for the water cuded block.

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

processing the mtra coded block s determined according 1o a size of the intra coded block.

3. The method of claim 1, wheretn the first or second HLS element 13 one of)
a video parameter set (VPS) syntax element,

a sequence parameter set (SP%) syntax element,

a picture parameter set (PPY) syatax element,

a shive header syntax element,

4 tile header syntax element, or

a tile group header syntax element.

4. The method of claim 1, wherein the mtra coded block 1snot coded with an intra sub-

partitioning (18P} mode.
5. The method of claim 1, further comprising:
receiving 8 thicd HLS element indicating an MTS i3 enabled for each of the inter and

intra coded blocks.

6. A method of video decoding at a video decoder, comprising:
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receiving a first high level syotax (HLS) elament indicating whether an explicit multiple
transform selection (MTS) 15 enabled or disabled for an tndra coded block;

recetving a second HLS element mdicating whether 8 Non-separable Separvable
Secondary Transformm (NSST) or matrix-based intra prediction {MIP) is disabled or enabled for
the mira coded block; and

enabling an implicit MTS for the intra coded block when the first HLS element mdicates
the exphicit MTS s disabled for the intra coded block, and the second HLS element wndicates the
NSST or the MIP 13 disabled for the intra coded block.

7. The method of claim &, further comprising:

disabling the imphict MTS for the intra coded block when the first HLS element
indicates the exphcit MTS is disabled for the intra coded block, and the second HLS element

indicates the NSST or the MIP 13 enabled for the fntra coded block.

& The method of claim &, wherein the enabling includes:
enabling the impliclt MTS {or the atra coded block when the first HLS element
indicates the exphoit MTS is disabled for the intsa coded block, and both the NSK8T and the MIP

are disabled for the intia coded block as indicated by HLS elements.

2, The method of claim 6, further comprising:

applyving the mmplicit MTS 1o the wtra coded hlock,

10, The method of clatm 6, wherein the first or second HLS element is one of”
a video parameter set {VPS) ayntax elemernt,

a sequence parameter set (SPS) syntax element,

a picture parameter sef (PPS) syntax elemsent,

a slice header syntax element,

a tile header syntax element, or

a tile gronp header syntax glement.

11, The method of claim 6, wherem the ntra coded block 15 not coded with an intra sub-

partitioning (ISP} mode.
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12, The method of claim 6, further comprising:

recetving a third HES element indicating an MTS is enabled for the intva coded block.

13, A method of video decoding at a video decoder, comprising:

recetving an intra coded block associated with a first block level syntax element
imdicating whether & multiple transform selection (MTS} is applied, and a second block level
symtax slement indicating whether a non-separable secondary transforns (NSST) is apphied; and

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

the NSST 15 not applied.

14, The method of claim 13, further comprising:

disabling the imphot MTS for the intra coded hinck when the fivst block level syntax
elenrent indicates the MTS is not applied, and the second block level syntax slement indicates
the NSST is applied.

15, The method of claim 13, wherein the inwra coded block is associated with & third
block level syntax element indicating whether a matrix-based mira prediction (MIP) 13 apphied,
and

the enabling further inclodes enabling the implicie MTS for the intra coded block when
the first block level syntax element indicates the MTS is not applied, the second ook level
syitax element indicates the NS8T is not applied, and the third block level syntax element

mdicates the MIF is not applhied.

16, The method of claim 15, further comprising:

disabling the implicit MTS for the intra coded block when the first block level syntax
element indicates the MTS i3 not applied, and either the second block fevel syntax element
indicates the NSST is applied or the third block level syntax element indicates the MIP i

applied.
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17: The method of ¢laim 13, wherewn the first block level syntax element indicates the
MTS is not applied by indicating DUT-2 transforms are to be used for processing the mtra coded
block.

8. The method of claim 13, further comprising:

applying the tmphcit MTS o the intva coded block.

19 The miethod of claim 13, wherein the intra coded block is not coded with an mtra sub-

partitioning (I8P mode,

20. The method of claim 13, further comprising:
receiving a bigh level svatax (HLS} element indicating an MTS is enabled for the intra

coded block.
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Transform basis functions of DUT-2, DST-7 and DCT-8 for N-point input

Transform Type Rasis functien THO, s, 1, N1
[
T0) = wp- |5+ cos (_f_
T X} 5‘. \ s_.;% ;
DCT-2 { -
where g = pj; i=g

1 i=g

FIG. 14
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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
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Receive a first high level syntax (HLS) element ¥~ . 53510
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'
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the intra coded block
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