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METHOD ANIY APPARATUS FOR VIDEQO CODING

INCORPORATION BY REFERENCE

[0001]  This present application clainas the benefit of UK. Patent Application Ne,

16/878,390, “"Method and Apparatus for Video Coding™ filed on May 19, 2020, which clamy the
benefit of U.S. Provisional Application No, 62/860,149, “High-level Syntax Conirol on Enabling
Implicit Transform Selection” filed on dune 11, 2019, The disclosures of the prior applications
are hereby incorporated by reference in thelr entirety.

TECHNICAL FIELD

{0602]  The present disclosure describes embodiments generally related o video coding.
BACKGROUND

j0803]  The background description provided herein 1s for the purpose of generally

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

j0804]  Video cading and decoding can be performed using fmter-picture prediction with
motion compensation. Uncompressed digital video can include a series of pictures, each picnue
having a spatial dimension of, for example, 1920 1 1080 luyminance samples and associated
chrominance samples. The series of pictures can have a fixed or variable picture rate (informally
alse known as frame rate}, of, for example 60 pictures per second or 60 Hz. Uncompressed
video has sigmificant bitrate requirements. For example, 1080pa0 4:2:0 video at 8 bit per sample
{1920x 1080 luminance sample resolution at 60 Hz frame rate) requires close to 1.5 Ghit/s
bandwidth. An hour of such video requires more than 600 GByvies of storage space.

{0005]  One purposs of video coding and decoding can be the reduction of redundancy in
the input vides signal, through compression. Compression can help redoce the aforementioned
bandwidih or storage space requiraments, in some cases by two orders of magnitude or more.
Both lossloss and lossy corapression, as well as 8 combination thereof can be pmploved.

Lossless compression refers to technigques where an exdaet copy of the onginal signal can be
reconstructed from the compressed original signal. When using lossy compression, the
reconstructed signal may not be identical 16 the origingl signal, but the distortion between

oviginal and reconstructed signals is spall enough to muake the reconstructed signal useful for the
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intended 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 wmay tolerate higher distovtion than users of television distribution
applicatiens. The compression ratio achieyvable can reflect thar higher allowable/tolerable
distortion can yield higher compression vatios.

[0006] A video encoder and decoder can utilizs techiiques from several tuoad categaories,
inclading, for example, motion compensation, transform, quantization, end entropy coding,

{0007]  Video codec technologies can include techniques known as mtva coding. In wtra
coding, sample values are represented without reference 1o samples or other data from previously
reconstrucied reference pictures. In some video codecs, the picture is spatially subdivided into
blocks of samples. When all blocks of samples are coded in intra mode, that picture can be an
atra picture. Inira pictures and their dertvations such as mdependent decoder refresh pictures,
can be used to reset the decoder state and can, therefore; be used as the first picture in a coded
video bitstream and a video session, or as a still image. The samples of an intra block can be
exposed to a transform, and the transform coetficients can be quantized before enwropy coding.
Intra prediction can be a techmque that minimizes sample values in the pre-transform ddmain, In
some cases, the smaller the DC value after & transform s, and the smaller the AC coefficients
are, the fewer the bits that ave required at a given quantization step size to represent the block
after entropy coding.

j0008]  Traditional intra coding such as known from, for example MPEG-2 generation
coding technologies, does not use intra prediction. However, some newer video compression
technologies include techniques that attempt, fom, for example, surrounding sample data and/os
metadata obtained during the encodingfdecoding of spatially neighboring, and preceding in
decoding order, blocks of data. Such techniques are henceforth called “intra prediction”™
technigues. Note that in at least some cases, intra prediction is only using reference data from
the curvent pieture under reconstruction and not from reference pictures.

{08091 There can be many different forms of indra prediction. When more than ong of
such techmigues can be used m a given video coding technology, the technigue in use can be
coded in an intra prediction mode. In certain cases, modex can have submodes and/or
parameiers, and those can be coded individually or included in the mode codeword., Which

codeword 1o use for a given mode/submode/parameter combination can have an inpact in the
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coding efficiency gain through intea prediction, and so can the entropy coding technology used to
transiate the codewords inte a bitstream.

{0010} A certain mode of intra prediction was introduced with H.264, refined m H.268,
and further refined in newer coding technologies such as joint exploration model (JEM), versatile
video coding {VV(), and benchmark set (BMS). A predictor block can be formed nsing
neighboring sample values belonging to already available samples. Sample values of
neighboring samples are copied nto the predictor block according to a divection. A reference o
the direction in use can be coded m the bitstream or may itself be predicted.

{0811]  Motion compensation can be a lessy compressicn technique and can relate to
techniques where a block of sample data from a previously reconstructed picture or part thereof
{reference plcturs), after being spatially shifted in a direction indicated by & motion vector (MV
henceforth), is used for the predictivn of a newly reconstructed picture or pictre part. In some
cases, the reference picture can be the same as the picture currently under reconstruction. MVs
can have two dimensions Xoand Y, or three dimensions, the third being an indication of the
reference picture in use {the latter, indirectly, van be a time dimension).

[0012] I some video compression techwmiques, an MV applicable to & centain area of
sample data can be predicied from other MVs, for example from those related 1o another area of
sample data spatially adjacent to the area under reconstruction, and preceding thas MV ia
decoding order. Doing 30 can substantially reduce the amount of data required for coding the
MV, thereby removing redundancy and increasing compression. MV prediction can work
effectively, for example, becanse when coding au input video sigaal devived from a ¢camers
{known asnatural video} there i a statistical Hkelihood that aveas larger than the area wo whicha
single MV is applicable move o a similar direction and, therefore, can in some cases be
predicted asing a sinsilar motion vector derived from MVs of neighboring area. That results in
the MV found for a given area to be similar or the same as the MV predicted from the
surrounding MVs, and that in tum can be represented, after entvopy coding, i a smaller namber
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 MV3) 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 a predictor fromy severa] surrounding MVs.

{0613} Various MV prediction mechanisms ave described in HL.265HEVC (ITU-T Rec.

H.265, "High Efficiency Video Coding”, December 2016).  Qut of the many MV prediction
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mechamisms that H.268 offers, described here is a technigue henceforth referred 1o as "spatial
merge”.

[eRid]  Referring to FIG. 1, a current block (101) comprises samples that bave been
found by the encoder during the motion search process to be predictable from a previpus block of
the sarve size that has been spatially shifted. Instead of coding that MV directly, the MV can be
derived from metadata associated with ane oy more veference pictures, for example from the
most recent (i decoding order) reference picture, using the MV associated with either one of
five swronnding samples, denoted A0, Al and BO, B, B2 (102 through 106, respectively}. In
H.265, the MV prediction can use predictors from the same reference picture that the
neighboring block is asing.

SUMBMARY

{0815]  Aspects of the disclosure provide a first method of video decoding at a video
decoder. The method can include receiving a first high level syntax (HLS) element indicating
whether an explicit multiple transform selection (MTS) is enabled or disabled for an intra coded
block, and recetving & second HLS element indicating whether the explicit MTS is enabled or
disabled for an inter coded block. The first and second HLS elements control a same set of
coding blocks that include the inira coded block and the inter coded block. An ophicit MTY can
be enabled for the intra coded block when the first HLS element indicates the explicat MTS is
disabled for the intra coded block, and the second HLS element indicates the explicit MTS is
enabled for the inter coded block.

[0816]  An embodimentt of the method tay further inchide applying the moplicit MTS o
the intra coded block. A transform type for provessing the intra coded block can be determined
according to g size of the intra coded block. I varions examples, the first or second HLS
element can be one of a video parameter set {VPS) syntax element, a sequence parameter set
{SPY) syntax element, a pictare parameter set (PPS) syntax element, a shice header symtax
element, a tile header syntax element, ot a tile group beader syntax element. In an erabodiment,
the intra coded block is not coded with an intrs sub-partitioning {ISP) mode. In an embodiment,
the method can forther include receiving a third HLS element indicating an MTS s enabled for
each of the inter and intra coded blocks.

j0B17]  Aspects of the disclosure provide 8 second method of video decoding at a video
decoder. The second method can include receiving a first HLS element indicating whether an

MTH 15 enabled or disabled for an intta coded block, and recetving a second HLS element
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indicating whether a non-separable secondary transform (NSST) or matrix-based miva prediction
{MIP} is disabled or enabled for the infra 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 N3ST or the MIP 1s disabled for the intra
coded block.

[0018]  The disclosure can also provide a third method of video decoding at a video
decoder. The third method can include receiving an intra coded block associated with a first
block level syntax element indicating whether ans MTS 15 applied, and a second block level
syntax element indicating whether an NSST is applied. An bmplicit MTS can be enabled for the
inira coded block when the first block level syntax elementindicates the MTS is not applied, and
the second block fevel syntax elément indicates the NSST 3s not apphed.

{a819} MNote that although the mstant application refers to NSST, the disclosed methods
and systems can be applied to variants of NSST, such as, reduced size wransform (RST), and low-
frequency non-separable secondary transform {LFNST), Thug, NSST, RST, and/or LFNST can
be used interchangeably throughout the mstant application.

BRIEF DESCRIPTION OF THE DRAWINGS

[08208]  Further features, the nature, and various advantages of the disclosed subject

matter will be more apparent from the followiny detailed description and the accompanying
drawingy in which:

j0021]  FIG. 1 1s a schematic illustration of & current block and its surrounding spatial
merge candidates in one example.

{0822} FIG. 2 i3 a schematic illustration of a stniplified block diagram of &
communication system (200) in accordance with an embodiment,

{08231 FIG. 3 is a schematic ustration of a simplified block diagram of a
cormmunnicgtion system (300} in accordance with au embodiment.

{0824]  FIG. 415 a schematic lustraiion of a simplified block diagram of a decoder in
accordance with an embodiment.

{0028  FIG. 5 s a schematic Hhatration of a simplified block diagram of an encoder in
accordance with an embodiment.

joaze]  FIG. 6 shows a block diagram of an encoder i accordance with another

gmbodiment,
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{00271 FIG. 7 shows a block diagram of a decoder i accordance with another
embodiment.

[0028]  FiGs. 3A-8D show example transform core mairices of 4-point, &point, 16-point,
and 32-point DCT-2, respectively, according to an embodiment,

{0029]  FlGs 2A-9D show sub-block tvpes, sizes, and positions supported 1 sub-black
transform {SB T according to an embediment.

foe3d]  FIG. 10 shows mpnbers of sub-partitions depending on the block size in an intra
sab-partition (ISP coding mode according to an embodment.

{0631} FIG. 11 shows an exanaple where g block is partitioned mo two sub-partitions in
an ISP codmg mode.

{00321 FiG. 12 shows an example wherp a block s partidongd into four sub-partitions in
an ISP coding mode,

[0633]  FiGs. 13A-13E show a 64x64 transform core matrix of a 6d-point DT
transformy according to an embodiment.

{06347  FIG. 14 shows ransform basts functions of DST/DCT ransforms according to an
embodiment.

[0835]  FIG, 15 shows a table iusirating a mapping relationship between an mits_idx
value and respective horizontal ar vertical transforms according 10 an embodiment.

{0036]  FiGs, 16A-16D show transtorm core msirices of a DIST-7 transform type
acronding o an embodiment,

[0837]  FiGs. T7TATTD show transform core matrices of a DCT-§ fransform type
according to an ewbodiment,

{86381  FIG. 18 shows an example of controlling usage of multiple transform selection
{MTS) using sequence parameter set {SPS) syntax elements.

j0039]  FIG. 19 shows a table of mapping between intra prediction maodes and transform
sefs according to an ambodiment.

{0840]  FIGs 20-21 show two shternative transform coding processes (2000) and {2100)
for RST8xB wsing 16x64 transform cores and 16x48 transform cores, respectively, aceording to
an embodiment.

jandil  FIG. 22 shows an example CUMevel syntax table (2200) where a syntax element
ifnstidx indicating a selection of a low frequency non-separalde secondary anstorm {LFNST)

kernel is signaled at the end of Cl-level syntax.
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{0642]  FIG. 23 shows 4 process (2301) of a reduced transform and a process {2302} of a
reduced inverse transform according to gn embodiment.

{0043} FIG. 24A shows the whole top-left 8x8 coefficients (shaded sab-blocks) ot a
restdual block (2410) used as inpui for calonlating a secondary transforn: in RST8xSE.

{0044]  FIG. 248 shows the top-lefi three 434 sub-block coefficients {shaded sub-blocks)
of the residual block (2410} used as input for caleulating a secondary transform in RETEx8.

jouds  FIG, 25 shows a table for transform set selection bagsed on an intra prediction
mode according to an embodiment.

{pa46]  FIG. 26 shows an example process (26003 of a matrix-hased intra prediction
{MIP}) maode.

{0847 FIG. 27 shows a CU-level syiitax table where flags signaling matrix-based intra
prediction {MIP) modes are shown in a frame (2701} according to an embodiment.

[0048]  FiGs. 28A-28B in combination show a text (2800} specifying a transform coding
process of performing explicit or fplicit transform selection for a cwrrent hlock based on related
syntax elements received from a bitstream.

[0049]  FIG. 29 shows modifications (29007 to the text {2800} that correspond w0 an
implicit travsform enabling scheme where tmplicit transform for intra vesidual blocks and
explicit transforsn for inter residual blocks can coexist,

{0650  FIG. 30 shows modifications (3000) 1o the text (2800) that comespond o a
scenario where an tmiplict transform is enabled when a non-separable secondary transform
{NSST) is disabled.

{0051} FIG. 31 shows modifications {3100) to the text {2800 that cosrespond to a
scenarip where an implicit transform s enabled when an MIP is digabled.

{08521 FIG. 32 shows modifications (3200) to the text {2800) that correspond to a
scenario where both MTS and NSST are not applied to a current block,

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

[0054]  FiGs. 3436 show flow charts of transform coding processes {3400), (35300}, and
{3600) according to some embodiments of the disclosurs.

[QO85]  FIG. 37 15 g schematic illostration of g computer system in aecordance with an
gmbodiment.

DETAILED DESCRIPTION OF EMBODIMENTS
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{0656} 1. Video Coding Encoder and Decoder

{0857} Fi(e. 2 illustrates a simplified block diagram of a communication system (200)
according o an embodiment of the present disclosure, The communication system (200)
inchudes a plurality of terminal devices that can communicate with gach other, via, for example, @
network (2503 For example, the commuuication systen {200} includes a fivst pair of termingl
devices (210} and (220} interconnected via the netwaork {250%. In the FIG. 2 example, the first
pair of terminal devices (210} and (220) performs wnidirectional transnnssion of data. For
example, the terminal device {210) may code video data (e.g., a stream of video pictures that are
captured by the terminal device (210)) for transmission to the other terminal device {220) via the
network {2301 The encoded video data can be transmitted in the form of one or more coded
video bitstreamhs, The termingl device {(220) mav receive the ¢oded video data from the network
{230), decode the coded video data to recover the video protires and display video protures
according o the recovered video data. Unidirectional data transmission may be common i
media serving apphications and the like,

{0058]  In another example, the communication system (200) includes a second pair of
terminal devices (230} and (240) that performs bidirectional ransmission 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 tenminal device of the ferminal devices {230} and (240 via the network (2503, Each
torminal device of the terminal devices (230) and (240) also may receive the coded video data
transmitted by the other teominal device of the terpinal devices (230} and (240, and may decode
the coded video data to recover the video pictores snd may display video pictures at an
accessible display device according 1o the recovered video data.

[0059]  Inthe FIG. 2 example, the termunal devices (210}, (220}, (230) and {240} may be
Hustraied as servers, personal computers and smari phoues but the principles of the present
disclosure may be not so Hmited, Embadiments of the present disclosure find application with
laptop computers, tablet computers, media players andéor dedicated video conferencing
equipment. The network (230) represents any muntber of networks that convey coded video data
among the terminal devices (210), (220), (230 and (240}, including for example wireline (wired)
and/or wireless communication networks. The communication network {250} may exchange

data in circait-switched and/or packet-swiiched channels. Representative setworks inclode
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telecommunications networks, local area networks, wide aren networks and/or the Intefnet. For
the purposes of the present discussion, the architecture and tfopology of the network (250) may be
ymmaterial to the operation of the present disclosure unjess explained herein below.

{0660]  FIG. 3 iflustrates, as an example for an application for the disclosed subject
matter, the placement of 2 video encoder and a video decoder in g streanung environmens. The
disclosed subjeet matter can be equally applicable 1 other video enabled applications, including,
for example, video conferencing, digital TV, stoting of compressed video on digital media
including €D, DVD, memory stick and the ke, and so on.

{0661] A stroaming system may include a capiurs 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 unconpressed. In an example, the stream of video protures (302} includes samples
that are taken by the digital camera. The stream of video pictures (302}, depicted as a bold line
to emphasize a high data volume when compared 1o encoded video data (304) {or coded video
bitstreams), can be processed by an electronte device (320 that includes a video encoder {303)
coupled 1o the video source {301). The viden encoder (303) can include hardware, software, ora
combination thereof to enagble or implement aspects of the disclosed subjeéct matter as described
in more detail below, The encoded video data {304} {or encoded video bitstream {304)),
depicted as a thin line to emphasize the lower data vohume when conpared to the stream of video
pictures (302}, can be stored on a streaming server (305) for folure use. One or more streaming
client subsystems, such as chient subsystems (306) and (308} in FIG. 3 can dgcess the streaming
server (305) 1o tetrieve copies (307 and (309) of the encoded video data (304), A chient
subsystem (306) can include a video decoder (310}, for example, in an electronic device {330).
The video decoder (310} decodes the inconvng copy (307) of the encoded video data and creates
an outgoing stream of video pictures {311} that can be vendered on 2 display (312) (e.g., display
screeit) or other rendering device {not depicted). 1o some streaming systems, the encoded video
data {304), (307}, and (309) {e ., video bitstrearns) can be encoded according to cerfain video
coding/compression stangdards.  Examiples of those standards include ITU-T Recommendation
H.265, Inan example, a video coding standard under development is informally known as
Versatile Video Cading (VVU). The disclosed sobject matter may be used in the context of
YV,
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{06621  Itis noted that the electronic devices (320) and {330) can include other
components (not shown), For example, the electronic device (320) can include a video decoder
{not shown} and the electronic device {330) can include a video encoder (not shown) as well.

[0663]  FIG. 4 shows a block diagram of a video decoder (410} according to an
embodiment of the present disclosure. The video decoder (410} can be included i an electronic
device (430}, The electronic devive (430) can include a receiver (431} {e.y., receiving clrcuitry).
The video decoder (410) can be used i the place of the video decoder (310} i the FIG. 3
example.

{0864  The recetver (431 may recelve ang or more coded video sequences to be decoded
by the video decoder (410, in the same or another embodiment, one coded video sequence at a
time, where the decoding of each coded video sequence is independent from other coded video
sequences, The coded video sequence may be recetved fom 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 date with other daty, for example, coded audio data andior
ancillary data streams, that may be forwarded to their respective using entities (not depicted).
The receiver {431} may separate the coded video sequence from the other data, To combat
network jitier, a baffer memory {(413) may be coupled in between the receiver (431} and an
entropy decoder { parser (4203 ("parser (420)" henceforth). In certain applications, the buffer
memory (413) is part of the video decoder (410}, In others, it can be putside of the video
decoder (410) (not depicted). In still others, there can be a butfer memory (not depicted) outside
of the video decoder (4103, for examwiple to combat network fitter, and in adidition another buffer
memaory {413} mside the video decoder (310), for example to handle playout timmg. When the
receiver (431) 15 receiving data from a store/forward device of sufficient bandwidith and
controflabitity, or from an isosynchronous netwewk, the buffer memory {415} may not be needed,
or can be small. For use on best effort packet networks such as the Intemnet, the buyffer memory
{415) may be required, can be comparatively large and can be advantageously of adaptive size,
andd moay at least partially be implemented in an operating system or similar elements (ot
depicted) cutside of the video decoder (410},

[0063]  The video decoder (410) may include the parser {420} to reconstruct symbols
{421} from the coded video sequence. Uategories of those symbols include infortvation used to
manage operation of the video decoder {410), and potentially mformation to conwol a rendering

device such g5 a render device (412} {e.g., a display screen) that Is not an integral part of the
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electronic device (430} but can be coupled 1o the electronic device (430), as was shown in FIG.
4. The control information for the rendering device{s} may be in the form of Supplemental
Enhancement Information (SEI messages) or Video Usability Information (VUL) parameter sei
fragments {not depicted). The parser (420) may pavse / entropy-decade the coded video
sequence that is received. The coding of the coded video sequence can bein accordance with a
video coding techunlogy or standard, and can follow varicus principles, meluding variable length
coding, Huffiman coding, arithumetic coding with or without context sensitivity, and so forth, The
parser (420} may extract from the coded video sequence, a set of subgroup parameters for at least
pne of the subgreups of pixels in the video decoder, based upon at laast one pavameter
corresponding to the group.  Subgroaps can include Groups of Pictures (GOPs), pictures, files,
shices, macroblocks, Coding Units {CUs), blocks, Transform Units {TUs), Prediction Units (PUs)
and so forth. The parser (420) may also extract from the coded video sequence mformation such
as transform coefficients, quantizer parameter values, motion vectors, and so forth.

{8866]  The parser (420} may perform an entropy decading / pavsing operation on the
video sequence received from the buffer memory (415), so as to create symbols (421).

[8867]  Recoristruction of the symbols (4211 can involve mudtiple differént pnits
depending on the type of the coded video picture or parts thereof (such as: inter and intra picture,
inser and intra block), and other factors. Which units are involved, and how, can be conrolied
by the subgroup control information that was parsed from the coded video sequence by the
parser (4203, The flow of sich subgroaup control information botweon the parser (420) and the
multiple units below is not depicted for clgrity,

{0668]  Beyond the functional blocks already mentioned, the video decoder (410) can be
conceptually spbdivided into & number of functional units as described below. In a practical
moplementation operating under commercial constrainty, many of these units interact closely
with each other and can, at least partly, be integrated into each other. However, for the purpose
of describing the disclosed subject matter, the conceptual subdivision juto the functional units
below is appropriate.

{00691 A first unit is the scaler / nverse wransform it (4513, The scaler / inverse
transform unif (4531) receives & quantized wansform coefficient as well as control information,
mclnding which transform to use, block size, quantization factor, quantization scaling matrices,
gtc. as symbol{s) (421} from the parser (420}, The scaler / inverse transform unit (451} can

output blocks comprising sample valoes, that can be input into aggregator (455}
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{00761  Insome cases, the ootput samples of the scaler / inverse fransform (451) can
pertain to an intra coded block; that is: a block that is not using predictive information from
previously reconstructed pictures, bat can use pradictive mformation from previously
recenstructed parts of the current picture. Such predictive information can be provided by an
tdra picture prediction ontt (4523 In some cases, the wtsa picture prediction unit {452)
generates a block of the same size and shape of the Mock under reconstruction, using
surrounding already reconstructed information fetched from the cwrent picture buffer (458}

The current picture buffer {(458) buffers, for example, partly reconstructed current picture andfor
fully reconstructed cwrrent picture, The aggregasor (455), in some cases, adds, on a per sample
basis, the prediction information the Inira prediction anit (452} has generated to the output
sample information as provided by the scaler / inverse transform anit {451},

{0871} In other cases, the output samples of the scaler / inverse transtorny unit (451} can
pertain to an inter coded, and potentially motion compensated block. In such a case, a motion
compensation prediction vt (453} can access reference picture memory (457} to fetch samples
used for prediction. After motion compensating the fetched samples in accordance with the
symbols (421) pértaiving 16 the block, these samples can be added by the aggregator (455) to the
outpuot of the scaler / inverse transform anit (451 (in this case called the residual samples or
residual signal) so as to generate output sanple information. The addresses within the reference
pioture memory (487} from where the motion compensation prediction unit {(453) feiches
prediction sanyprles can be controlled by motion vectors, svatlable to the motion compensation
prediction unit (433) in the form of syvobols (421) that can have, for example X, Y, and reference
picture components. Motion compensation #lso can include interpolation of sample values as

feiched from the reference picture memory (4571 when sub-sample exact motion vectors are in

{08721 The output samples of the aggregator (455} cant be subject 1o various loop filtering
technigues in the loop filter unit (436). Video compression technologies can include in-loop
filter technologies that are controlled by parameters included in the coded video sequence {glso
referred to as coded video bitstream) and made available to the loop filter wait (458) as symbols
{421} from the parser {(420), but can also be responsive 1o meta-information obtained during the
decoding of previous {in decoding order) parts of the coded picture or coded video seguence, as

well as responsive to previously reconstructed and loop-filtered sample values.
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{00731 The ootpat of the loop filter unit (456) can be a sample stream that can be ouput
to the render device {412 as well as stored in the reference picture memory (457) for use fn
future inter-picture prediction.

{06874]  Certain coded pictures, once fully reconstructed, can be used as reference pictures
for future prediction. For example, once a coded picture corresponding to @ cusrent pioture 18
fully reconstructed and the voded picture has been identified as a reference picture (by, for
example, the parser (420)), the current picture buffer (438) can become a part of the reference
pictare memory (457), and a fresh current picture buffer can be reallocated before commencing
the reconstruction of the following coded picture.

{00751 The video decoder (410) may perform decoding operations according o a
predetermined video compression technology in a standard, suchas ITU-T Ree. H.263. The
coded video seguence may conform o a syatax specified by the video compression technology
or standard being used, i the sense that the coded video sequence adheres to both the syntax of
the video compression fechoology or standard and the profiles as documented in the video
compression technology or standard. Specifically, a profile can select certain tools as the only
tools avatlable for use woder that profile from all the tools available in the video compression
technology or standard.  Also necessary for compliance can be that the complexity of the coded
video sequence i within bounds as defined by the level of the video compression technology or
standard, In some cases, levels resirict the maximuun picture size, maximum frame rate,
maximum reconstruction sample rate (measused i, for example megasamples per second),
maximom refefence picture size, and so on.. Limits set by Jevels can, in some cases, be further
restrivted through Hypothetival Reference Decoder (HRD) specifications and mefadata for HRD
hutfer management signaled in the coded video sequence,

{0076]  Inan embodiment, the receiver (431) may réceive additional (redundant} data
with the encoded video. The additional dats may be included as part of the coded video
sequence(s). The additional data may be used by the video decoder (410) to properly decode the
data andfor to more accurately reconstrugt the original viden data. Additional data can be in the
form of, for example, temporal, spatial, or signal noise satio (SNR) enhancement layers,
redundant shces, redundant pictares, forward error correction codes, and so on.

[0877)  FIG. 5 shows a block diagram of 4 video encoder (303) sccording to an
gmbodiment of the present disclosure. The video encoder {503} 1s included i an electronic

device (320, The electronic device (520} wclndes g transimifter {340) (o.g., transimiiting
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circwitry).  The video encoder (503} can be used in the place of the video encoder (303} in the
FIG. 3 example.

{0078 The video encoder (303) may receive video samples from a video sowrce {501}
{that is not part of the electronic device (52Q) in the FIG. § example) that may capture video
tmage(s) to be coded by the video encoder (503}, In another example, the video source (501} is a
part of the electronic device {320},

[0079]  The video source (501 may provide the source video sequence to be coded by the
video encoder (503} in the form of a digital video sample stream that can be of any suitable bit
depth (for example: 8 bit, 10 bit, 12 bit, ...), any colorspace (for example, BT.601 Y CrCB,
REGB, L), and any seitable sampling structare (for example Y CrCb 42:0,Y CrCh 4:4:4). Ina
media serving system, the video sonrce (501) may be a storage dévice storing previously
prepared video. In a videoconferencing system, the video source {301) may be a camera that
captures local image information as a video sequence. Video data may be provided as a plurality
of individual pictores that fmpart motion when viewed i sequence, The piotures themselves
may be organized as a spatial array of pinels, wherein each pixel can comprise one or more
samples depending on the sampling siructare, color space, ete. inuse. A person skilled in the art
can readily understand the relationship between pixels and samples. The description below
focuses on samples.

{B080G]  According 1o an embodiment, the video gncoder (503) may code and compress
the pictures of the source video sequence e a coded video sequence (343) in real time or under
any other time constraints s required by the applicadon. Enforting appropriate coding speed is
one function of a controller (550). Insome embodiments, the controller (8311} controls other
functional nnits as deseribed below and is functionally coupled to the other functional waits, The
coupling is not depicted for clarity. Parameters set by the controller {550) can mclude rate
control related parameters (picture skip, quantizer, lambda value of rate-distortion optindzation
technigues, ...}, pietwre size, groap of pictures (GOP) lavout, maxinun motion vector search
range, and 5o forth, The contraller {530 can be configured o have other suitable functions that
pertain to the video encoder (303} optimized for a certain system design.

{09811  In some embodiments, the video encoder {503} is configured to operate in a
coding loop,  As an oversimplified description, in an example, the coding loop can include 8
source coder {(530) (e g., responsible for ereating synrbols, such as a syatbol stream, based on an

input picture to be coded, and a reference picture(s)), and a {focal) decoder {533) embedded in
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the video encoder {503}, The decoder (33} reconstructs the symbols to create the sample data in
a simdlar manner g5 @ (remote) decoder alsa would create (as anv compression botween symbols
and coded video bitstveam is fossless in the video compression technologies considered in the
disclosed subject matter}, The reconstructed sample strearn (sample data) is input to the
reference picture memory (334) As the decoding of a symbol streamn leads to bit-exact results
mdependent of decoder location {local or remote), the comtent in the reference picture memory
{534) s akso bit exaet hetween the local encoder and remote encoder. In other words, the
prediction part of an encoder "sees” as reference picture samples exactly the same sample values
as a degoder would "see™ when using prediction during decoding. This fundamental principle of
reference picture synclwonicity (and resulting drift, if synchvonicity cannot be maintained, for
example because of channel ervors) 1s used in some related ants as well.

{0682} The operation of the "local” decoder (333) can be the same as of g "remote”
decoder, such as the video decoder (410}, which has already been described in detail sbove in
confunction with FIG. 4. Briefly referring also w0 PG 4, however, as symbols ave available and
encoding/decoding of symbols to a coded video sequence by an entropy coder (545) and the
parser {420} can be lossless, the entropy decoding parts of the video decoder (410), including the
buffer wemory {415). and parser (420} may ot be fully implemented in the local decoder (§33),

{00831 An observation that can be miade at this point is that any decoder technology
except the parsingfentropy decoding that is present in & decoder also necessarily needs to be
present, i substantially identical functional form, i a corresponding encoder. For this roason,
the disclosed subject matter focuses on decoder operation. The description of encoder
technologies can be abbreviated as they are the inverse of the compsehensively deacribed
decoder technologies. Only i certain areas a more detai! description is required and provided
below.

{0084]  During operation, in some examples, the source coder (530} may perform motion
compensated predictive coding, which codes an fnput picture predictively with reference to one
or more previoushy-coded picture from the video sequence that were designated s "reference
piotures”™ In this manner, the coding engine {532) codes differences between pixe! blocks of an
mput pictare and pixel blocks of reference picture(s) that may be selected as prediction
reference{s) 1o the input picture,

{6685]  The local video decoder (5333 may decode coded video data of pictures that may

be designated as reference piciures based on syrobols created by the source coder (5330)
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Operations of the coding engine {332) may advantageously be lossy processes. When the coded
video data may be decoded at a video decoder (not shawn 1n FIG. 5 ), the reconsiructesd video
sequence typically may be a replica of the source video sequence with some exrors, The local
video decoder {533) replicates decoding processes thas may be performed by the video decoder
on reference pictores and may cause reconstructed reference pictures 1o be stored o the reference
picture cache (5343, In this manner, the video encoder (303} may store vopies of reconstractad
reference pictures locally that have common content as the reconstructed refervence pictures that
will be obtained by a far-end video decoder (absent wansmission ervors).

{0686]  The pradictor {335) may perform prediction searches for the coding engine (532},
That 15, for a new pictare to be coded, the predictor (535) may seasch the reference picture
metmory {334) for sample data (as candidate reference pixel blocks} or certain metadata such s
reference piciure motion vectors, block 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 sppropriate prediction references. In sowie cases, as determined by
search results obtained by the predictor (535}, an input picture may have prediction references
drawn fromy mdtple reference pictores stored in the feference pichure memory (534),

{0887 The controller (5530} may manage coding operations of the source coder {3383,
including, for exampls, setting of parameters snd subgroup parameters used for encoding the
video data.

jOu88]  Output of all aforementioned functional uaits may be subjected to entropy coding
i the entropy coder (545). The entropy coder {345) franslates the symbols as generated by the
various functional units into a coded video sequence, by lossless compressing the symbols
according to weehnologies such as Huffinan coding, vartable length coding, arithmetic coding,
and so fortth,

[0089]  The transmitter (340) may buffer the coded video sequence(s) as created by the
entropy coder (343} to prepare for transtvission via a comyunication channel (560}, which may
be a hardware/software Hnk to a storage device which would store the encoded video dats. The
wansmitter (340) may merge coded video data from the video coder (503} with other data to be
transmitted, for example, coded audio data andfar ancillary data streams (spurces ot shown).

{0090]  The controller (5503 may manage operation of the video encoder (503}, During

coding, the controller (550 may assign to each coded pictare a certain coded pictuse type, which
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miay affect the coding techniguies that may be applied o the respective pictare. For example,
pictures often may be gssigned as one of the following picture types:

{0091 An Intra Picture (I picture} may be one that may be coded and decoded without
using any other picture in the sequence as a source of prediction. Some video codecs alow for
different types of mntea pictures, including, for example Independent Decoder Refresh (“IDR™)
Pictures. A person skilled in the art is aware of those varianis of { pictures and their respective
apphications and features,

{0692] A predictive picture (P picture} may be one that may be coded and decoded using
intra prediction of inter prediction using at most cie motion vector and reference index to predict
ihe sample values of each block.

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

0894} Source pictures commonty way be subdivided spatially into a plurahity of sample
blocks (for example, blocks of x4, 8x8&, 4x8, or 16x16 samples sach) and coded on a block-by-~
biock basis. Blocks may be coded predictively with reference to other {alfeady coded) blocks as
determined by the coding assignment applied 1o the blocks' respective pictures. For example,
blocks of I pictures may be coded non-predictively or they may be coded predictively with
reference to already coded blocks of the same picture (spatial prediction or intra prediction).
Fixel blocks of ¥ pictures may be coded pradictively, via spatial prediction or via temporal
predicuion with reference o one previously coded reference picture, Blocks of B plotures may be
coded predictively, via spatial prediction or via temporal prediction with veference o one or two
previously coded reference pictures.

[0895]  The video encoder {503} may perform coding operations according o 8
predetermined video coding technology or standard, such as FTU-T Rec. H265, 1n s operation,
the video encoder (503} may perform various compression operations, including predictive
coding operations that exploit temporal and spatial redundancies in the iaput video sequence.
The coded video duta, therefore, may conform o a syntax specified by the video coding

technology or standard being used.
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{0696  Inap embodiment, the transmitter (540) may tansmit additional data with the
encoded video, The source coder (530} may include such data as part of the coded video
sequence. Additional data may comprise temporal/spatial/SNR enhancement layers, other forms
of redundant data such as redundant pictures and shices, SEI messages, VU parameter set
fragments, and so on.

00971 A video may be caprured as a plusality of source pictires (video pictures)ina
temporal sequence. Infra-picture prediction {often abbrevigted to intra prediction} makes use of
spatial correlation i a given picture, and inter-picture prediction makes uses of the (temporal o
pther) correlation bepween the pictures. In an example, g specific picture under
encoding/decoding, which is refesred to as a current picture, is partitioned into blocks, When a
block in the current picture is stmular to a refergnce blogk n a previously coded and still buffered
reference picture in the video, the block 1 the carrent picture can be coded by a vector that is
referred fo as a motion vector. The motion vector points to the reference block in the reference
picture, and can bave a third dimension identifving the reference picture, 1 case multiple
reference pictures are iy use.

[0098]  ln some embodiments, a bi-prediction technigoe can beé used in the inter-picture
prediction.  According to the bi-prediction technique, two reference pictures, such as a first
reference picture and a second reference picture that are both prior in decoding order to the
carrent picture in the video (but may be in the past and future, respectively, in display order) are
usedd. A block in the current picture can be coded by a first motion vector thay points o a first
reference block in the first reference picture, and g second motion vector that poits 10 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.

{00991  Further, 2 mesge mode technique can be used in the inter-picture prediction o
improve coding efficiency.

[0180]  According o some embodiments of the disclosure, predictions, such as juter-
picture predictions and intra-picture predictions are performed 1 the oot of blocks. For
example, according to the HEVC standard, a pictare in a sequence of video pictures is
partitioned into coding tree units (CTU) for compression, the CTUs in a picture have the same
sixe, such as 64x64 pixvels, 32x32 pixels, or 16x16 pixels. In genersl, a CTU includes three
coding tree blocks (CTBs}, which are one luma CTB and two chroma CT8s. Each CTU can be

recursively quadtree split into one or mudtiple 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 Cls of 32532 pixels, or 16 CUs of 16x16
pixels. In an example, each CU is analyzed to detenmine a prediction type for the CU, such as an
yater prediction type or an intra prediction type. The CU 15 split into one or more prediction anits
{(FLis) depending on the temporal and/or spatial predictability. Generally, each PU includes a
tama predicuion block {PB), and two chroma PBs. In an embodiment, g prediction operation in
coding (encoding/decoding) s performed in the unit of a prediction block. Using a luma
prediction block as an example of a prediction block, the prediction block includes g matrix of
values {e.g., luma values) for pixels, such as 8x& pixels; 10x16 pixels, 8x16 pixels, 16x8 pixels,
and the hike,

{8101]  FIG. 6 shows a diagram of a video eacoder {(803) according to another
embodiment of the disclosure. The video encoder (603} 1s configured to veceive a processing
block {e.g., a prediction block) of sample values within a current video piciure in a sequence of
video pictures, and eancode the processing block into a coded picture that 15 part of a coded video
sequence. Inan example, the video encoder (603} is used in the place of the video encoder (303}
in the FIG, 3 example.

{0102 In an HEVC exdample, the video encoder (603 ) receives & matrix of sample valueg
for a processing block, such as a prediction block of 8x8 sawples, and the like. The video
encoder (603) determines whether the processing block s best coded vsing intra made, inter
mode, or hi-prediction mode using, for example, rate-distortion optimization. When the
processing hlock is to be coded in intra mode, the video encoder {603) miay use an intra
prediction technique to encode the processing block indo the coded picture; and when the
processing block is 1o be coded in inter mode or li-prediction mode, the video encoder (603}
may use an hter prediction or bi-predichion technigue, respectively, to encode the processing
block into the coded picture. In certain video coding techaologies, merge mode can be an inter
pictare prediction submode where the motion vector 1s derived from one or more motion veetor
predictors without the benefit of a coded motion vector component sutside the predictors. In
pertain other video coding technalogies, & moton vector component gpplicable to the subject
block may be present. In an example, the viden encoder (603) includes other components, such
as a mode decision module (not shown) o determing the mode of the processing blocks.

[O103]  Inthe FIG. 6 example, the video encoder (603) includes the miter encoder (6301,

an nptra encoder {622), a residue caloulator (623}, a switch (626), a residue encoder {624}, a

¥

general controller {(621), and an entropy encoder (025} coupled together as shown In FIG, 6.
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{0104]  The tater encoder (630} is configured to receive the samples of the current block
{e.z., a processing block), compare the block to one or more reference blocks in reference
pictares {e.g., blocks i previous pictores and later pichures), generate inter prediction
information (e.g., description of redundant information according to inter encoding technique,
motion vectors, merge mode nformation), and caloulate inger prediction results {e.g., predicied
block) based on the fmter prediction information using any suitable technique. In sone examgples,
the reference pictores gre decoded reference pictures that are decoded based on the encoded
video information.

{0105]  The intra encoder (622 15 configured to receive the samples of the current block
{e.g., a processing block}, in some cases compare the block 1o blocks already coded in the same
picture, penerate quantized coefficients atter transforny, and in some cases also intra prediction
mformation (e.g., an intra prediction direction mformation according to one o more intra
encoding techniques). In an example, the intra encoder (622) also calculates intra prediction
results {e.g. predicted block] based on the intrag prediction information and reference blocks
the sane picture.

[0106]  The general controller (621} is configured to Jetermine general control data and
control other components of the video encoder (503) 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 i3 the intra mode, the
general controlier (621} controls the switch (626} to select the intra mode result for use by the
residue calotdator (633), and controls the entropy encoder (625) to selest the intrd prediction
information and melude the intra prediction infornsation i the batstreans; and when the mode is
the inter mode, the general controller (6213 controls the switch (626} to select the inter prediction
result for use by the residug caloalator {623}, and controls the entropy encoder (625} to select the
mter prediction information and include the inter prediction information in the bitstream,

[0107]  The residue caloulator (623} is configured 1w caleulate a difference (residue data)
between the received block and prediction results selected from the intra excoder (622 or the
inter encoder (630}, The residue encoder (624) i3 configured to operate based on the residue data
to encode the residue data to generate the transforns coefficients, In an example, the residue
encoder (624) 15 configured to convert the restdue data from a spatigl domain to a frequency
domain, and generate the transforns coefficients. The transform coefficients are then subject to

guantization processing to obtain quantized transform coefficients.  In various embodiments, the
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video encoder {(603) also mclodes a reésidue decoder (6281, The vesidue decoder {(028) is
configured to perform inverse-transform, and generate the decoded residue data. The decoded
residue data can be suitably used by the inira encoder (622} and the inter encoder {630}, For
example, the inter encoder {630) can generate decoded blocks based on the decoded residue duia
and iater prediction information, and the mira encoder (622} can generate decoded blocks based
on the decoded residue data and the Intra prediction information. The decoded blocks are
suitably processed 1o generate decoded pictures and the decoded pictures can be buffered ina
memory circuit (not shown) and used as reference plotures in some examples.

{0108 The entropy encoder {623) is coufigured to format the bitstream to include the
encoded block. The entropy encoder (625} is configured o include varions information
according o a snitable standard, such as the HEVC standard. In an example, the entropy
encoder (625} 1s configured to include the general conirol data, the selected prediction
information (e.g., intra prediction information or inter prediction information), the residue
information, and other seltable information in the bitstream. Note that, according to the
disclosed subject matter, when cading a block in the merge subimode of gither inter mode or bi-
prediction mode, there 18 no residue information.

[0109]  FIG. 7 shows a diagram of a vides decoder {710) according 1o another
smbodiment of the disclosure.  The video decoder {710} 15 confipured to receive coded pictures
ihat are part of a coded video sequence, and decode the coded pictures to generate reconstructed
pictures, In an example, the video decoder (710} 15 used in the place of the video decoder (310)
1 the FIG. 3 example.

{0110]  Inthe FIG. 7 example, the video decoder {710} includes an entropy decoder {771},
an mter decoder {780}, a residoe decoder {773), a reconstruction module (774), and an ingrs
decoder (772} coupled together as shown in FIG, 7.

{0111} The entropy decoder (771) can be configored to reconstruct, from the coded
pictare, certain symbols that vepresent the syntax elements of which the coded picture is made
up.  Such symbols can include, for example, the mode m which & block s coded {such as, for
example, intra mode, inter mode, bi-predicted mode, the latter two in merge submode or anather
submuode), prediction information {such as, for example, intra prediction iiformation oy inter
prediction information) that can identify certain sample or metadata that is used for prediction by
the tntra decoder {772} or the inter decoder {780}, respectively, residual information i the form

of, for example, quantized transform coefficients, and the like. In an example, when the
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prediction mode is inter or bi-predicted mode, the mter prediction mformation i3 provided to the
mter decoder {780); and when the prediction type is the intra prediction type, the intra prediction
information is provided to the intra decoder (7723, The vesidoal information can be subject o
inverse quantization and is provided to the restdue decoder (773),

{8112}  The inter decoder {780} is configured to receive the mier prediction information,
and generate inter prediction results based on the mter prediction mformation.

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

{0134]  The rostdue decoder {773) 1s configured o perforn inverse guantization to extract
de-quantized transform coefficients, and process the de~quantized transform coefficients o
convert the residual from the frequency domain to the spatial domam. The residue décoder (773)
may also requive certam control information (Io nclude the Quantizer Parameter {QP}), and that
information may be provided by the entropy decoder {771} {data path not depicted as this may be
fow volame control information only).

[0118]  The recoustruction module (774) is configured to combine, in the spatial domain,

-
7
{

the residoal as duipin by the residue decoder (773 and the prediction results (as output by the
inter ov 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 reconstructed vides. 1t is aosed
ihat other saitable operations, such as a deblocking operation and the Hke, can be pecformed to
inprove the visual quality.

{8116} 1t is voted that the video encoders (303}, (503}, and (603), and the video
decoders (310), (410}, and {710} can be mnplemented using any suitable technique. Inan
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. by another embaodiment, the
video encoders {303}, (503), and (503), and the video decoders (310}, (4109, and (710) can be
ymplemented psing one or more processors that execute software instructions.

{91171 L Transform Coding Techoigues and Related Technigues

{0118] 1. BOT-2 Primary Transform Examples

[0119]  Insome embodiments, 4-point, 8-point, 16-point and 32-point DOT-2 transforms
are psed as privmary transforms. FIGs. 8A-8D show transform core matrices of 4-point, §-point,
16-point, and 32-point DCT-2, respectively. Flements of those transform core piatvices can be

represented using 8-bit imtegers, and thus those transform core mairices are referred (o gs R-bit
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transform cores. As shown, the transform core mattix of a smaller DCT-2 15 8 part of that of a
farger DCT-2.

[e128]  The DCT-2 core matvices show symmetry/anti-symimetry characteristics.
Accordingly, a so-called “partial butterfly”™ implementation can be supported to reduce the
number of operation counts {multiplications, adds/sabs, shifis). Identical results of matrix
multiplication cart be obtained using the partial busterfly implementation compared with that the
partial butterfly Implementation 15 not wsed.

{6123 2. Rub-Block Transform Ceding Examplex

{0122} 24 Sub-Bleck Transform (SBY)

{01231  Insome embodiments, a sub-block transform (SBT), also referred to as spanally
varying transform {(SVT), s employed. The SBT is applied to inter prediction vesiduals in sdme
embodiments, For example, a coding block can be partitioned into sub-blocks, only part of the
subblocks is treated at a residual block. Zero residual is assumed for the remaining part of the
sub-blacks, Therefore, the resicugl block is smaller than the coding block, and a transform size
in SBT is smaller than the coding block size. For the region which is not covered by the residual
block, no transform processing is performed.

{0124} FiGs. 9A-9D show sub-bloek types (SVT-H, SVT-Vi{e. g, vertically or
horizontally partitioned), sizes and positions (e, left half, left quarter, right half, right quarter,
top halt, top quarter, boitom half, botiom quarter) supported in SBT. The shaded regions labeled
by letter “A™ are residual blocks to be transform-coded, and the other regions are assumed to be
rero vesidoal without fransform,

{0125} 2.2, Intra Sub-Partition {18P) Ceding Mode

{0126]  Insome embodiments, an intra sub-pastition (ISPY coding mode is employed. In
ISP coding mode, a luma intra~predicted block can be partitioned vertically or horzontally into 2
or 4 sub-pantitions. The nwmber of sub-partitions can depend on a size of the block. FIG. 10
shows numbers of sub-partitions depending on the block size. FIG. 11 shows a scenario where a
block is partitioned into two sub-partitions. FIG. 12 shows a scenario where g block is
pastittoned into fowr sub-partitions. In an example, all sob-partitions fudfill & condition of having
at least 16 samples. In an example, 1SP is not applied to chroma components.

[0127]  Inoan example, for each of sub-panitions partitioned from a coding block, a
residual signal is generated by entropy decoding respective coetficients sent from an encoder and

then inverse quantizing and fnverse transforming them. Then, a st one of the seb-partitions s
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intra predicted o generaie a prediction signal, The prediction sigual is added to the respective
residual signal of the first sub-partition to obtain corresponding reconstructed samples.
Thereafter, the reconstrucied sample values of the first seb-partition can be available to penerate
a prediction of a second one of the sub-partiviens. This process can be repeated sub-partition by
sub-partition, until all sub-partitions from the coding block ave reconstructed. Tnan example, all
the sub-partitions sharg a sanw intra mode.

[0128] Inan embodiment, the ISP coding mode is oaly fested with intra modes that are
part of a most probable mode (MPM} list. Accordingly, it a block uses ISF, then a MPM flag
pan be inferred to be one. In addition, when ISP is used for a certain block, then a respective
MPM fist will be modified to exclude DU mode and to priovitize horizontal intra modey for the
ISP horizontal sphit and vertical intra modes for the vertical one.

{0129] o ISP coding mode, each sub-parfition can be regarded as a sub-TU, singe the
transform and reconstruction is performed individually for each sub-partition.

{9130 3. Transform Coding with Expanded DCT-2 Transforms and Multiple
Transform Selection {(MTS)

{013 o some embodiments, when both the beight and width of & coding block is
smaller than or equal to 64 samples, a ansform size i3 always the same as a coding block size.
When either the height or width of ta coding block is larger than 64 samples, whea performing
iranstorm or intra prediction, the coding block s further split into multiple sub-blocks, where the
width and height of vach sub-black is smaller than or equal to 64, and transform processing ts
performed on each sub-block.

{0132} 3.4 Tramsform Coding with Expanded DCT-2 Transforms

{81331 Insome embodiments, m addition to 4-point, S~pot, 16-point snd 32-poimt DCT-
2 transforms described above, 2-pomt and 64-point DOCT-2 transform can be used. FIGs. 13A-
13E show a 64x64 transform core matrix of the 64-potnt DCT-2 transform,

{0134] 32 Explicitly Signaled Traosfori

{9135]  tosome embodiments, in addition to DOT-2 and 434 DST-7 wansform coding, a
maltiple transform selection {(MTE) (also known as enhanced multiple tansform (EMT), or
adaptive muldtiple transform (AMT)) can be used for restdual coding of both inter and intra coded
blocks, The MTS uses nultiple selected transforms from discrete costng transtorm (DCTY /
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 g decoder.
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For example, the selected transforms can inchude DST-7, or DCT-8 transtorms, FIG. 14 shows
transform basis functions of DST/DCT transforms. In some smbodiments, the DST/DCT
transform core mateices used in MTS are represented with 8-bit representation.

{0136]  Tnsome embodiments, MTS can be applied to Clls with both a width and heighs
simatler than or equal to 32 saxples. Whether to apply MTY or not can be controtled by a flag
denoted by mis_flag. For example, when the mis_{lag is equal t0 0, only DCT-2 is applied o
coding a residue block, When the mts_flag is equal o 1, which indicates MTS is apphied,
selected transforms can be wsed. For example, an index, denoted by muts_idx, can further be
signaled using 2 bing to specify a horizontal and vertical transforns o be used.

{01371 FIG. 15 shows a table (1500) ustrating a mapping relationship betwesy an
mis_idx value and réspective horizontal or vertical transforms. The row (1301) with the s _idx
having a value of -1 corresponds 1o 8 seenario where the mity_flag is equal to 0 {which indicates
MTS is not applied), and DCT-2 transform is used. The rows (1302)1(13035) with the nuts_idx
having a value of 0, 1, 2, or 3 corresponding to & scenario where the vats_flag is equal 1o |
{which indicate MTS is applied). In the right two columns of the table (1500), 0 represents a
transform type of DCT-2, | represents a transform type of DST-7, and 2 represerts a transform
type of DUT-8.

{01381 FiGs. 16A-16D show transfonm core mawrices of & DST-7 wransform type, FIGs.
17A-1713 show fransform core matrices of a DCT-8 wansform type,

01398 Insome embodiments, MTS can be enabled or disabled using high level symtax
{HLS) clements. Each of the HLS clements can be & video parameter set {VPS) syntax element,
a sequence parameter set (SPY) syntax element, & picture padameter set (PPS) syntax element, a
stice header syntax element, a tile header symtax elemens, or a sile group header symtax 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_enabled flag, can be signaled to indicate whether an
MTS is enabled for a video sequence. When the MTS is enabled, two syniax elensents,
to indicate whether the MTS is enabled for coding inter or ntra predicted blocks, respectively.

{81461  In an embodiment, an imphicit MTS is applied in case the above signaling based
MTS (referred o as explicit MTS) s not used. With the implicit MTS, a transform selection can

be made according to a block width and height instead of based on signaling. For exmmple, with
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an implict MTS, a DST-7 transform can be selected for a shorter side of 8 wansform block and a
DOT-2 transtorm can be selected for g longer side of the transform block,

[0141] 3.3 Scenarios Where Implicit Transform Selection Is Applied

{0142] o various embodiments, for certain scenarios, DST-7 andior DCT-8 can be used
without being explicily signaled. For example, DST-7 andfor DOT-8 cag be used mnplicitly
based on information that is available for both an encoder and & corresponding decoder. These
scenarios inclade:

{0143 330 Intra Sub-Partitioning (ISP)

{0144]  For a residual block coded with an ISF mode, a horizontal transform is selected as
DNTVT a3 fong as a block width of the residual block is greater than or equal fo 4 and less than or
equal 1o 16, and a vertical transform is selected as DST-7 as long as a block heipht of the residual
block i greater than or equal 1o 4 and less than or equal to 16.

[0145]  33.2 Sub-Block Transform (SBT)

{0146 Foran SBT mode, for a sub-TU ocated gt the left half (or gquarter) ov right half
{or quarter} of a current CU, the hortzontal transform can be DCT-8 or DST-7, respectively.
Otherwise {a sob-TU hags 4 same width with g ctvent CUD, DOT-2 ¢an be used soed. For 4 sub-
TU focated af the top half {or quarter) or bottom half (or guarter) of a current CU, the vertical
transform can be DCT-8 or DST-7, respectively. Otherwise {a sub-TU has a same height with a
carrent CUY, DOT-2 ¢an be used.

0147 333 MTS Disabled By HLS Klements

{0148}  For example, when the sps_mis_enabled flag is stgnaled as trug, but both the
sps_explicit_nts_intra_enabled flag and sps_explicat_mes_inter_snalded flag are signaled ay

~
I

false, for intra prediction residoals, a borizontal transform can be selected as DST-7 s long as a
respective block width 1s greater than or equal to 4 and less than or equal to 16, and a vertical
trangform can be selected as DST-7 as long as a respective block height is greater than or equal
to 4 and less than or egual to 16

{91491 4. Non-Separable Secondary Transferm (NSST)

[0150] 4.1 Initial Design of NSST

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

complexity, an NSST can only be applied to fow frequenicy coefficients after the primary
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ransform in some embodiments. 1 both a widdh (W) and a height (H) of & transform coefficient
block is targer tharn or equal o §, then 848 non-separable secondary transform can be applied to
a top-left 88 region of the wansform coefficients block. Otherwise, if either Wor Hof a
transtorn coefficient block is equal to 4, a 4x4 non-separable secondary transform can be
applied and the 424 pon-separable transform s performed on the top-left min(®, Wi x min{], H)
region of the transform coefficient block. The above transforny selection rule is applied for both
Tuma and chroma cotmponents.

{0152}  Matix multiplication implementation of a non-separable transform s described as
tollows using a 434 input block as an example. To apply the non-separable transform, the 4x4
mput block X

Xoo Kot Xez Koz
- e X Xu X -
X=X Xpy Koz X (Eg. )
Pao X X2 Xy

is represented as a vector X

T=[Xoo Xoi Xoz Xoz Xio Xt X2 X1z Xzo Xot Xz Xos Xso Xs1 X3z Xsa)”
(Eg. 2)

{0183] The nonsseparable transtorm s caleulated as,

F=7-%, {Eq. 3)
where F indicates the transform coefficient vector, and T is a 16x16 transform matrix, The 16x1
coetticient vector F is subsequently re-organized as a 4%4 hlock using a scanning order for that
block (horizontal, vertical or diagonal). The coefficients with smaller index will be placed with
the smaller scanning index in the 4x4 coefficient block. In an example, a hypercube-givens
transfornn (HyGT) with butterfly implemnentation is used instead of matvix multiplication t0
reduce the complexity of non-geparable transform.

1541 Inan example of NSST, there can be totally 3533 non-sepdrable secondary
transforms for both 4x4 and 8x8 block size, whers 33 s the munber of transformn sels sach
gorresponding 1o an inra prediction mode, and 3 i3 the number of NSST candidares for each
intra predicton mode. The mapping from an intra prediction mode 1o the transform set 15
defined iy a table (1900) shown i FIG. 19, For example, a transform set applied to
Twmadchroma transform coefficients can be specified by the corresponding luma‘chroma intra

prediction modes according to the table (1900). For intra prediction modes larger than 34 (e.g.,
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dingonal prediction direction), the transform coefficient block is transposed before/after the
secendary transform at the encoder/decoder,

{0155  For each transform set, the selected non-separable secondary transform candidate
is further specified by an explicitly signaled CUlevel NSST index. The index is signaled ina
bitsirearn once per intta CU after transform coefficients and troncated viary binarization is wsed.
The truncated value is 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-zeye coefficient g UL
The default value is zero when it 13 hot signaled. Zero value of this syntax element indicates
secondary transform is not gpplied o the current CU, values 1-3 indicates which secondary
transforn from the set should be applied.

{01561 NSST may be not applied for a block coded with a transfors skip mode. When
an NEST index is signaded fora CU and not equal to zero, NSST is notused for a block of a
component that is coded with transform skip mode m the CU. When a CU with blocks of all
components are coded in transform skip mode or the mumber of non-zero coefficients of non-
wansforor-skip mode CBs is less than 2, the NSST index is not signaled for the CUL

{01571 4.2 Reduwced Size Transform (RST)

{0158] in sowe embodiments, & variant af NSST, referred to as reduced stre transforny
{(RST), or low-frequency non-separable secondary wransform (LFNST), 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 index of N8ST.

JO159]  In an example, 4 transform sets are applied, and each transforni set includes three
RET transform cores. The RST wansform cores can have a size of 16x48 {or 16x64) (apphied for
transforn coefficient block with a height and width both being greater than or equal to R} or
16x16 (applied for transform coefficient block with either hetght or widih being equal to 4). For
notational convenience, the 16x48 {or 16x64) transform is denoted a5 RSTEx8 and the 16x16 one
as RET4xnd.

{8160  For RSTEXE, two alternative transform coding processes (2000} and (2100} using
16x64 wransform cores and 16348 transform cores ave shown in FIG. 20 and FIG. 21,
respectively. The one using 15x48 transform cores are adopted in VVC Draft 5,

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

secondary ransform (2012) over coefficients generated from the forward primary transform

fus
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{2010}, In the forward secondary transform (2012), the 64 coefficients of the 4x4 sub-blocks
ABAC/D at the top-left comer of the coetticient black (2013) is represented nto 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 vector. The elements n the 16-length vector is filled back mto the
top-left 4xd sub-block A of the coefficient block (2013}, The coefticients in the sub-blocks
BICD can take values of zero. The resulting coefficients after the forward secondary transform
2012 are then quantized gt the step of (2014), and entropy~coded to generate coded bits in g
bitstream (2018).

{8162}  The coded bits can be received at a decoder side, and entropy-decoded followed
by a de~-quantization (2024} {0 generate a coefficient block (2023} An inverse secondary
transforn: (2022) can be performed over the 16 coefficients ar the top-left 4x4 sub-block E'wo
obtain 64 coefficients that are filled back to the $x4 sub-blocks BA/GH. Thereabter, the
coefficients in the block {2023} after the inverse secondary transform {2022} can be processed
with an inverse primary transforn (2020} o obtain g recovered residual block.

{01631 The process {2100} of the FIG. 21 example is similar to the process (2000} except
that fewer (43} coetlicients are processed duvitig the forwand secondary traosform (2012},
Specifically, the 48 coeflicients in the sub-blocks A/B/C are processed with & smaller fransform
matrix of & size of 16x48. Usage of the smaller wansform mawix cdn reduce 8 memory size for
storing the transform matrix, and respective compuiation complexity,

j0164]  FIG. 22 shows an example CU-evel syntax table (2200} where a syntax clement
Hnst idx indicating a selection of 8 LENST kernel is signaled at the end of ClHevel syntax.

{0165} 43 Examples of RST Computation

{8166  The main des of & Redoced Transform (RT) is to map an N dimensional vector to
an R dimensional vector in a different space, where /N (R < N} is the reduction factor.

{0167 The RET matrix s an BN matrix as follows:

fgy Tyg lis Ly
- Ery Tyy Iy Loy e
Taw =1 % oz (Eq. 4)
gy Iy tmn an,

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

transtormn matrix for BT is the transpose of #ts forward transform.
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[0188]  FIG. 23 shows 4 process (2301) of a reduced transform and a process {2302} of a
reduced inverse transforn T represents an RET transform matrix baving g dimengion of RN,
and TV represents a transpose matrix of T having a dimension of NxR.

[p169]  Tn RSTBxS, a reduction factor of 4 {1/4 size) is realized. For example, instead of
64x64, which is a conventional 8xR non-separable transform matnx size, a 16x64 divect matnix iy
ased. The 64x 16 mverse R8T muatrix is used at the decoder side w generate core {primary)
trangform coefficients in 8x§ top-left regions. The forward RSTSxE nses 16x64 {or Bx64 for 8x8
block) matrices so that it produces non-zero coefficients only in the top-left 424 region within
the given 838 region. In other words, If RST is applied then the Sx& region except the top-left
44 region will have only zero coefficients. For RS Tdx4, 16x16 {or 8x16 for 4x4 block) direct
matrix multiplication can be applied.

{0178} in addition, for RST8x&, to farther reduce the transform mainx size, instead of the
using the whole top-left Sx¥ coefficients (shaded sub-blocks i FIG. 24A) of a restdual block
{2410} as input for caleudating a seconsdary transforny the top-lefi three x4 sub-block
coefficients {shaded sub-blocks in FIG. 248) of the residual block (2410} are used ss the npuwt
for caleulating the secondary transformn

[0171]  Inan example, an mverse RST i3 conditionally applied when the following two
conditions are satisfied: (i) @ respective block size is greater than or equal 1o the given threshold
{Woead & Hr=dy, and (1) a transform skip mode flag is equal to zevo. For example, i both
width (W) and height (H) of a wansform coefficient block is greater than 4, then the R3T8x8 s
applied to the op-left 828 region of the transform coefficient block, Otherwise, the RET4x4 s
applied on the top-left niin{8, W} » mm(§, H} region of the transform coefficient ock.

{01721 Inan example, when an RST index s equal to 0, BST is not spplied. Otherwise,
R8T is applied. and a kernel is chosen with the RST mdex. In an exanple, RSV 15 applied for
ntra CU in both imtra and iater slices, and for both huma and chroma, Ha doal tree is enabled,
RST indices for homa and chroma are signaled sepavately. For inter slice (the doal tree is
disabled), a single RST index i3 signaled and used for both tuma and chroma, Whenan ISP
mode is selected, RET is disabled, and RST index is not signaled.

{81731 4.4 An Example of Selection of RST Transferm Matrices

01741 Inan example, an RST matrix can be selected from four sransforin sess, each of
which consists of two transforms:. Which transform set is applied can be deternuined based on an

applied inirg prediction mode as follows., When one of three cross component Hnear model
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{CCLM)Y modes s indicated, transform set § can be selected. Otherwise, the transfonm set
selection can be porformed according to a table (35003 shown in FIG. 25, The index t¢ access
the table (2500), denoted by IntraPredMode, can be in a vange of {~14, 83], whichis a
transformed mode index used for a wide angle intra prediction for example.

{8175] 8. Matrix-Based Intra Prediction (MIP) Mede

[0176]  Insome embodiments, a matrix-based imtra prediciion {MIP) mode is amployed.
FIG. 26 shows ai example process (2600 of the MIP mode. For predicting the samples of a
rectangular block (2610) of width W and height H, an MIP takes one line of H reconstructed
neighboring boundary samples at the left of the block (2610} and one line of W reconstrited
neighboring houndary samples above the block (2610} as input. If the reconstructed samples are
unavailable, the reconstructed samples can be generated in a similar way as g conventional
mtra 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 samples in the case of
W=H=4 and eight samples in all other cases are extracted by averaging.

{0178] At the step (2602), a matrix vector nultiplication Ap by, followed by addidon
of an offset by, is carried out with the averaged samples bdry,g as an input. The vesalf is a
reduced prediction signal on a subsampled set of samples (2621 in the original block. The
matrix Ay and the offset by can be selectad based on an MIP mode index k.

0178 Atthe step (2603), the prediction signal st the remaining positions (2622} 5
generated from the prediction Signal on the sibsarpled set (2621) by a hoear wterpolation which
is a single step Hnear interpolation i each divection.

{B1R0]  The matrices Ay and offset vectors by needed fo generate the prediction signal can
be taken from three sets Sy, Sy, 8, of matrices. The set §; consista of 18 matrices A}

L1 €40, ..., 17} each of which has 16 rows and 4 columns and 18 offset vectors by, 1 € {0, ., 17}
cach of size 16, Matrices and offset vectors of that set are-used for blocks of size 4 X 4. The set
Sy consists of 10 matrices A}, 1 € {0, ..., 91, each of which has 16 rows and 8 columns and 10
affset vectors b, i€ £0, .. 97 cach of size 16, Matrices and off¥et 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

1€ {0, ..., 5}, each of which has 64 rows and 8 columns and of 6 offset vectors bb, i € {0, ..., 5}
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of size 64, Matnices and offset vectors of that set or parts of these mairices and offSet vectors ave
used for all other block-shapes.

{0181} Asshown, givenan 8 X B block (2610}, MIP takes fowr averages along each axis
of the boundary. The resulting sight tnput samples enter the matrix vector multiplication, The
matrices are taken from the set 53, This vields 16 samples (2621 on the odd positions of the
prediction block. Thus, a total of (8- 16)/(8 - 8) = 2 mudtiplivations per sanple are performed.
After adding an offset, these samples are interpolated vertically by using the reduced top
boundary samples. Horizontal interpolation follows by using the original left boundary samples.
The nterpolation process does not require any multiplications in this case.

{0182} S Signaling of MIP Mode

[0183]  Insome embodiments, for each Coding Unit ({CU) in intra mode, a flag indicating
ifan MIP mode is applied on the corresponding Prediction Unit {PU} ov not can be sent in the
bitstream. I an MIP mode is applied, the index predmode of the MIP mode 13 signaled wsing an
MPM-list including 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_mipi,

idx € {0,1,2}, and each table associate each conventional intra prediction mode predmodes, g
with a specific MIP mode, as described in the following formula.
predmodeye = map_angular_to_mip{predmaoedegppaac {Eq. 5)
where map_angular_to_mip s a fixed look-up table. The index of the mapping table is decided
based on the width W and height H of PU, and in twotal thres indices ave available, ag desertbed
below,

Hdx(PUY = idx{W.H) € {0,1,2} {Eq. 6)
that indicates from which of the three sets the MIP parameters are to be taken above.

[018%]  Insome examples, 1 generate the MPM list for cawrent block which is coded by
MIP mode, an above MIP mode, namely modefRi®, and a left MIP mode, namely model§lh, ave
firstly dexived.

{0186]  The value of modeld’ can be derived a5 follows:

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

current PU resides, and PUgove 15 coded by MIP using an MIP mode
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predmodelid and 1dx(PUY = idx(PUspove), (Egq. 7Y
modedfd = predmodeidy® . {Fg. &

- Ifthe shove PU Pl pave 18 avatlable, and it belongs to the same CTU where the
current PU resides, and Pl a0, 18 coded using a conventional intra prediction made

shove

predmodeiita.

modeifs’™ = map_angular_to_mip{predmodeii, ] (Eq. 9

~ Qtherwise,
modedip = 1 {Eq. 10y
which means that this mode 18 unavailable,

[0187]  The value of madel§t is derived in the same way of deriving mndele™ bu
without checking whether the lefi PU belongs to the same CTU where the current PU resides.

{DI88]  Finally, given the derived modeffy™ and modelil and three pre-defined fixed
default MPM Hsts Histq, 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 list sty
and modedl?® and modelif, by substituting -1 by defanlt values as well as removing duplicate
MIP modes.

{0189]  Asan example, FIG. 27 shows a Cll-Jevel syntax table where the flags signaling
MIP miodes are shown in a frame (2701),

{0196] 5.2 MPM-List Derivation for Conventional Intra-Predietion Modes

[0191]  Insome embodiments, the MIP modes are harmonized with the MPM-based
coding of the conventional Intra-prediction modes as follows., The Juma and chroma MPM-list
derivation processes for the conventional intra-prediction miodes uses separate fixed tables
map_mip_to_angulary,, idx € {0,1,2}, which map an MIP-mode predmodege to one of the
cotrverttional intrg-prediction modes,

predmode e = map mip_to_angularpredmodeypy]. {(Hq. 1)

where map_mip_to_angular is a fixed look-up table, For the lama MPM-list dertvation,
whenever a neighboring luma bloek s coded by an MIP mode predmodeyp, this block
treated as if it was using the conventional intra-prediction mode predmode e For the
chroma MPM-list derfvation, whenever the current toma block uses an MIPumode, 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) 1o some embodiments, two transfiorm coding schemes, impliclt transform (or
referred to as implicit transform selection) and explictt transform (or referred o as explicit
transform selection), can be emploved.

{0194] In implicit transform, a group of non-DOT2 tramaforms {e.y, DST-], BOT-S,
DST-7, DOT-8, DST-4, DUT-4) can be selected without sranstorm index signaling. Fov
example, a group of non-DOT2 wansforms can be selected using already coded information that
is available 1o both an encoder and a corresponding decoder. The already coded information can
melude, bui not Hmited to, intra prediction mode (e.g., planar mode, DO mode, angalar modes),
block size, block width, block height, block aspect ratio, block area size, intra coding mode {e.g.,
whether multiple reference line {MRL), ISP, MIP 15 used), position of selected spatial merge
candidates {2.g., top merge candidate, left merge candidate}, inter prediction mode {e.g., inter
position dependent prediction combination (inter-PDPC) wode, combined inter intra prediction
{CHP) mode).

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

{0196] 1. Lmplicit Transform Enabling When Explicit MTS Is Disabled

j01%7]  Insome embodiments, as described in the section 13,2, for an intra prediction
resicaal block which is not coded by ISP, implicit transform selection can be enabled when
explicit MTS is disabled fior both intra and inter prediction residual blocks as indicated by high
level syntax (HLS} elements. For example, when SPS syntax elethents,
sps_exphicit_mis_inira_enabled flag and sps_explicit_mts_inter_enabled_flag, are both {1, a
decoder can deternune to enable the mplictt transtorm selection for pictures or blocks assoctated
with the SPS syntax elements.

{0198 Asan example, FIGs, 28A-288 in combmation show a text {2800} specifving a
transform coding process of performing explicit or implicit transform selection for a cusrent
block based on related syntax elements received from a bitstream. The text {2800) can be used
as a part of @ video coding standard. Two sections (2801) gnd (2802) are shown in FIG. 284,

and ong section {2803} and two tables {2804} and (2805} are shown in FIG. 288,
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{01997 Inthe section (2801}, inpats to and output of the transform coding process are
described. Specifically, location, size, color compenent, mverse-quantized transform
coefficients of the corrent block are the inputs, and residual samples after an twverse ranstorm
processing using selocted transfonms are the ougput.

{0200} In the section (2802), derivation of a variable, denoted by tmpliciMisEnabled, is
described. The variable indivates whether implicit selection 13 enabled. As described, if an SPS
synfax clement, sps_mis cnabled flag, is equal to 1 {which mdicates MTS is enabled for
pictures or blocks associated with this SPS syntax element}, implicitMitsEnabled is equal to 1
when one of the three following conditions is true: (1) an ISP is wsed for coding the current block;
{ii} SBT is enabled and both sides of the carrent block s smaller or squal to 32, which indicates
SBT is used; or (i) sps_explicit_nits_intra_enabled flag and
sps exphion_mts inter enabled flag are both equal to O {(which indicates explicit MTS 13
disabled for both totra and inter coded blocks), and the current block #s intra coded. Otherwise,
imphicitMisEnabled ts set equal to O, which indicating foeplicit transform selection is disabled for
the current block.

[0201]  As deseribed in the section {2802), gccording 16 condition {3); for an futra
predicted block coded with an 18P mode, maplicit transforns 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 infer predicted hlocks, implicit transform
can bg enabled for coding the intra predicted block not coded with the ISP mode.

[0202]  lothe section (2803}, vertical and hortzontal transforms are deterniined aocording
to the variable implieitMtsEnabled, the inputs to the process, and the related syntax elements.
For examiple, when both sps_explicit ity intra_enabled flag and
sps_explicit_mis_inter enabled flag are equal to 8, the current block (that is of luma component
and intra predicted) can be given a horigontal transform kernel (indicated by wTypeHor) and a
vertical fransform kernel {indicated by 4 TypeBer) according 10 expressions (3-1) and (3-2),
respectively.

[0203]  Inthe tables (2R04) and (2803}, the numbers 1 and 2 for indicating horizontal or
vertical transform kernel types indicate @ DST-7 wansform and a DCT-¥ transform, respectively,
while the munber 0 indicates a DCT-2 transform. In some examples, DST-4 transforms can be

used in place of the DST-7 wansforms,
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{0204  Inthe examples of FIGs 28A-288, for blocks controlled by the HLS elements
sps_exphicit_mis_intra_enabled flag and sps_explict_mts_inter_enabled flag, explicit MTS for
ater coded blocks and mmplicit transtorm for ingra coded blocks (non-ISP coded) cannot be
cogxist, However, implicit transform selection on intra prediction residual block does not need
to be necessarily dependent on a HLS element (e g, sps_explicit_mts inter_enabled flag)
controfling MTS enabling for imter pradiction residuals. Thus, in some embodiments; for an
mtra-coded blogk which is not predicied by ISP inode, whether implicit sransform can be apphied
depends on whether MTS can be applied for mtra prediction residual {e.g., a value of
sps_explicit_mis_intra_enabled flag), but does not depend on whether MTS can be applied for
inder prediction residual (a value of sps_explicit_mts_inter enabled flag). With such a control
mechanism, it is allowed to have inter MTS {explicit MTS applied to an inter predication
residoal block) and mophicst transform {For intra prediction residuals) both enabled
simultaneously.

{0205]  For example, a first and second HLS elements can be received ata decoder, The
first and second HLS elements control 3 same set of pictures or regions {e.g., a vide sequence, &
pictare, @ shice, a tile, and the lke) that can include intra coded residual blocks and wter coded
residual blocks, The fisst HLS element indicates whether explictt MTS i3 enabled or disabled for
the respective intra coded residual blocks, while the second HLS element indicates whether
explicit MTS is enabled or disabled for the respective inter coded residual blocks. With respect
to the term of tnter MTS, an explicit MTS applied 1o an intra coded residuat block can be
referved i asoan ntra MTS.

{0206]  When the first HLS element mdicates explivit MTS ia disabled for the inwra coded
residual blocks, the decoder can accordingly determine to enable poplicit transform {or implicit
MTE) for the intra coded blocks without considering a valug of the second HLS element. For
example, the second HLS element can be efther § or 1, which does not affect the enabling of the
ymplicit transform for the intra coded residual block.

{92077 Agan example, FIG. 29 shows madifications (2900} to the text {2800) that
cotrespond to the implicit transformy enabling scheme where implictt ransform for tntra vesidual
blocks and explicit transform for inter residual blocks can coexist. In the modifications (2900), a
removed fext is maked with a strikethrongh, while an added text is marked with an anderhine.
As shown, the condition of sps_explicit_nus_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 bnpliclt transform can be applied 1o an intra
coded block {that is not predicted by ISP mode) depends en whether a specific coding tool ks
enabled as indicate by a HLS clement,

{0210] 21 When NSST Is Enabled

{9213} Inan ewbodiment, an unplicit transform can be disabled for an intra coded block
{that is not predicted by ISP mode) when a HLS element indicates NS8T ix enabled. For
example, a3 deseribed in the section 4.1, the transform matrix T 15 used in the eguation (Eq. 3)
for the secondary manstorm processing. The transforns matrix T can include constant elements,
and be designed with an assumption of & certain statistics of targeted coefficient blocks, such as
coefficient blocks resulting from an expliclt ransform selection. Thus, a coefficient bloek
resulting from an implicit ransfonm selection may not match with the NSST in terms of statistics
of respective coefficients. For example, applying an NSST to resolts of an nplicit transform
may not improve coding performance. For the above reason, disaliling implicit ravsform when
N&ST is enabled may he desivable,

{0212]  Inthis disclosure, the term NSST can be used to refer to a family of non-separable
secondary transform coding schemes, such ag the initial degign of NSST, RST, LFENST, or the
like,

{92131 Forexample, s decoder nay receive two HLS glements: one HLS element (e,
spy_explicit_mis_intra_enabled Hlag) indicaies explicit MTS is disabled, while the other HLS
element (¢.g., sps_lfnst_enabled flag) indicates an NSST is enabled. Accordingly, the decoder
can deterinine not 1o enable an fmplicit transform for intra coded blocks controlled by those two
HLS elements. In contrast, if one HLS element indicates explicit MTS iy disabled, and the other
HLS element indicates an NSST is also disabled, the decoder can detenmine o enable an implicit
transforn 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 implict transform is enabled when an NSST is disabled. Ag
shows, an gddittional restriction, “sps_lfnst_enabledflag is equal 10 07 iy added to the congdition
{iti} for deriving the variable inpliciNisEnabled.

{0215F 2.2 When MIP Is Enabled

j0216]  Similar to the scenario where an NSST is enabled, in some embodiments, unplicit
transform is disabled for an intra coded block (that is not predicted by ISP mode) when a HLE

clement indicates an MIP isenabled. For example, applving an MIP intrs 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 codesd with MIP may not match with implicit
transform which may asswme residueal statistics resulting from regular intra modes. Therefore,
disabling implicit transform: may be desirable when an MIP is enabled.

{82177  Por example, a decoder may receive two HLS elemenss: one HLS element {e.g.,
sps_explicit_mis_intra_enabled_flag) indivates explicit MTS is disabled, while the other HLS
elemernt (e.g., sps_mip_enabled flag) indicates an MIP 15 enabled, Accordingly, the decoder can
detesmine not to enable an implicit tansform for intra coded blocks conwolled by those two HLS
plements, In contrast, if both the explicit MTS and the MIF are disabled as indicated by the two
HLS elements, the decoder can determine to enable an imphelt transform for respective intra
coded blocks.

{0218]  As an examiple, FIG. 31 shows modifications (3100) to the text {2800} that
correspond 1o & scenario where an tmplicit transform is enabled when an MIP is disabled. As
{1t} for deriving the variable impliciiNisEnabled.

[0219] 3 DLmplick Transform Enabling Based on Black Level Syntax Element
indications

{0220] o some embodiments, whether an imphicit sransform can be applied to an intra
coded block {that 15 not predicted by ISP mode) depends on whether MTS, NSST or MIP is
applied to the intra coded block as indicate by blogk level syntax glements.

[0221] 3.1 When MTS And NSST Are Not Applied

{0222} inan embediment, 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 syntax elements.

{02237 For example, a decoder can receive g fiest and second CU level (or block level)
syntax elements associated with a current block that is intra coded and not predicted by ISP
nde. The current block may be located gt & position of coordinates [ x0 }{ y0 T within g
prcture,

{02241 The first CU level syntax element (e.g, momis wdx x0 1 { v0 |} may indicate
DOT-2 transforms can be used for the current block instead of tansforms used in MTS {e.g
DST-7, DOT-8, DOT-4, or the ke, As an example, in the table (2804}, when tu_mits_adx{ x0 ]|

v 1 has avalue of ) the varigbles of tr'TypeHor and tTypeVer both have a valoe of O, which
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mdicates the hovizontal and vertical fransformg are DOT-2 wansforms, and no DSTW7 or DCT-R
transforms are applied. The second CU level syntax clement {e.g., st ids { x0 7§ v0 ) may
indicate NSST 1s not applied o the cwrrent block. Based on the above fivst and second CU evel
symtax elements, the decoder can determine to enable an implicis MTS for the current block,

{0225]  Incontrast, if the frst and second CU level syntax elements indicate MTS is
applied (tu_mis_idx] x0 1{ v0 1 has a valug of 1, 2, 3, or 4), or NSST 15 applied (Hnst_sdx { x0 1]
¥0 | bas g non-zero value), the decoder can determine o disable an implicit MTS.

{0226]  Asan example, FIG. 32 shows modifications (3200} to the text {2800) that
correspond to a scenario where both MTS and NSST are not applied to g current block. As
shown, the original condition (5} in the text (2800) s replaced with a condition that two CUJ
level syntax elements “tu_mits_idx{ x0 1 vO | and Hanst_idx] x0 3] v0 ] are both equal to 07

{6227] 3.2 When MTS, NSST. And MIP Are Not Applied

{6228]  In an embodiment, whether implicit transfbrm can be applied to an intra coded
block depends on whether MTS, NSST, and MIP are not applied to the itra codesd block as
indicated by block level syntax glements. Compared with the section 13,1, one more coding
tool, MIF, is additionally considered.

{0229 Forexample, a decoder can veceive a first, second, and third €17 fevel {or block
level) syntax elements associated with a current block that is inra coded and not predicted by
ISP mode. The current block may be located at a position of coordinates { x0 ]| v0 ] withina
pHetare,

[0230]  The Hrst CU level syntax element (e.g., to_mts idx{ x0 1 { 0 1) may iadicate
DOT-2 transforms can be used for the curvent block instead of transforms used in MTS. The
second CU level syntax element {e.g., st 3dx [ %0 }{ v0 Danay indicate NSST 15 not applied o
the current block. The third CU evel syntax element {e.g., tu_mup_flag} may indicate MIF i3 not
applied to the current block. Rased on the gbove three CU level syntax elements, the decoder
can determine to enable an implicit MTS for the current block.

{0231} Incontrast, if the sbove three CL evel syntax elements indicate MTS is applied
{tu_mis_3dx{ x0 1§ y0 T has a value of 1, 2, 3, or 4), NSST is applied (Mnst_idx [ x0 ][ v0 ] hasa
non-zers valne), or MIP s applied (fu_mip Hag has a value of 1), the decoder can determine
disable an implict MTS,

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

correspond to g scenario where sone of MTS, N&ST, or MIP is applied to g comrent block., As
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showa, the original condition (651 1n the text (2800) s replaced with a condition that three U
level syntax clements “tu_mits_idx{ x0 }{ y0 |, intva_mip_flag] x0 }f v0 Jand inst_dx{ x0 [ v0 ]
are all equal to 7.

{62331 4. Examples of Transform Coding Processes

{8234  FlGs 34-36 show flow charls of transform coding provesses {3400), {3500}, and
{3600} according to sone embodinents of the disclosurg. The processes (34003, (3500}, and
{3600) can be used 1 inverse vansform processing at g decoder to generate a residual block for a
block under reconstruction. In various embodiments, the provesses {3400}, {3500), and (3600)
can be executed by processing circnitry, such as the processing circuitry in the terminal devices
{2103, (2209, €230} and {240}, the provessing circuitry that performs functions of the video
decoder (310}, the processing circuitry that perfornis functions of the vidéo depoder (410}, and
the like, Insome embodiments, the processes (3400), (35001, and (3600} can be implemented in
software instructions, thus when the processing cirenitry executes the software instructions, the
processing cirepitry performs the processes (34003, (3300), and {3600},

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

{€236] The process (3400} starts from (83401}, and proceeds to (83410).

{02371 At(S3410), a first HLS element is received at & decoder. The first HLS elemem
can indicate whether an explicit MTY i disabled for an intra coded block. For example, the intra
coded block is under reconstraction, and thus can be referred to as a currant block. The first
HLS element may be associated with a set of coding blocks that include the chrrent block.

{0238] AL (S3420), a second HLS element is veceived at the decoder. The second HLS
clement can mdicate whether an explictt MTS is enabled for an tmer coded block. For example,
the second HLS element can be associated with the same set of coding blocks as the first HLS
element. Both the current block and the inter coded block are inclnded in the set of coding
blocks.

{02391 A4 (R3430), the deceder can détermine 1o enable tmplicit MTS for the current
block when the first HLS element indicates the explicit MTS is disabled for the ndra coded
block, and the second HLS element indicates the explicit MTS is enabled for the mter coded
block. The process (3400) can proceed to {S3499), and tenminates at {53499},

{248] 4.2 The Process (3508): Implicit Transform Disabling When Other Ceding
Tools Are Enabled
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{0241]  The process (3500) starts frony (83501}, and proceeds o {83510),

{02431 At{S3510), a fiest HLS clement is received ava decoder. The first HLS clement
can indicate whether an explicit MTS Is enabled for an intra coded block. The intra coded block
can be a block under reconstruction. The first HLS element controls a set of coding blocks
inchuding the mitra coded block.

102431 A{S3520), a second HLS element ia received at the decoder. The second HLS
element can indicate whether an NSST or MIP 15 dissbled for the infra coded block. For
example, the second HLS elemuent can control the same set of coding blocks as the first HLS
element.

{0244]  AU(S3530), the decoder can determine whether 1o enable an implicit MTS for
provessing the intra coded block based on the first and second HLS eleéments. For example, the
decoder can determine to enable the tmplicit MTS for the intra coded block when the first HLS
element indicates the exphicit MTH is disabled for the intra coded block, and the second HLS
element indicates the NSST or the MIP is disabled for the dntra coded block. Alternatively, the
decoder can determine to disable the mplicit MTS for the intra coded block when the first HLS
element tndicates the explict MTS 15 disabled for the intra coded blotk, but the second HLS
element indicates the NEST or the MIP is enabled for the intra coded block. The process (3501
can proceed 10 {33599}, and tenminaies af (8353991,

{02457 4.3 The Process (36003 Implicit Transform Eoabling Based on Block Level
Syntax Element Indications

[0246]  The process (3600) starts from (53601), and proceeds 1o (S3610).

{02471 At S{3610), an intra coded block is received at a decoder. The iniva coded block
can be gssocigted with a first block level syntax element indicating whether an MTS s applied,
and a seeond block level syntax element indicating whether an NSST is applied. For example,
the fitra coded block belotigs to a CU that inclodes CU evel syntax elements inclading the first
and second block fevel syniax elements.

{2481 AL (83620), the decoder can determine whether to enable an implicit MTS for the
mira coded block based on the {irst and second block level syntax elements. For example, the
decoder can determine to enable the implicit MTS for the intra coded block when the first block
level syntax element indicates the MTS s not applied, and the second block level syntax element
indivates the NSST is not applied. Alternatively, the decoder can determine to disable the

tmplicit MTS for the intra coded block when the first block level syntax element indicates the
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MTH is not applied, at the second block fevel syntax element indicates the NSST is applied.
The process (36007 can proceeds to {S3699), and terminates at (S3699),

[9249]  IV. Computer System

{025Q]  The techuigues described above, can be mplamented as computer software using
computer-readable wstructions and physically stored in one or more computer-readable media.
For example, FIG. 37 shows a computer system {3700) suitable for implementing certain
embodinents of the disclosed subject matter.

[0251]  The computer software can be coded using any suitable machine code or
computer language, that may be subject to assembly, compilation, linking, or like mechanisms to
create code comprising instructions that can be executed divectly, or through interpretation,
micro-code execution, and the like, by nne or more computer central processing units {(CPUs),
Giraphics Provessing Unists (GPUs), and the like.

{6252]  The instructions can be executed on various types of computers or components
thereof, including, for example, personal computers, tablet computers, servers, smartphounes,
gaming devices, internet of things devices, and the like.

[0283]  The components shown in FIG. 37 for computer svstem (3700} are exemplary in
nature and are not intended to suggest any limitation as to the scope of use or functionality of the
computer software implementing embodiments of the present disclosure. Neither should the
configuration of componesis be interpreted ag having any dependency or requivement velating to
any one or combination of components illusteated n the exemplary embodiment of a compuier
system {3700},

{0254  Computer system (3700) may mclude certain human interface input devices.
Such s human interface input device may be responsive 1o input by one or more hunan users
through, for example, tactile input {such as: kevsirokes, swipes, data glove movements), audio
mput {such ast voice, clapping), visual input {such as: gestures), olfactory input {not depicted).
The homan interface devices can also be used to capture certain media not necessarily directly
refated to conscious input by a human, such as audic (such as speech, music, ambient sound},
images (such as; scanned images, photographic images obtam from a stifl image camera), video
{such as two-dimensiong! video, three-dimensional video including stereoscopic videol,

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

showay, jovstick {3703}, nucrophone (3706}, scanner (3707), camera (3708).
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{9286]  Compuater system (3700} may also inchide certain human interface outpat devices.
Such human interface cutput devices may be stimulating the senses of one or miore human users
throvgh, for example, tactile output, sound, light, and smellfaste, Such buman interface vutput
devices may include tactile output devices {for exaniple tactile feedback by the touch-sereen
{3710}, data-glove {not shown), or jovstick {3705), but there can also be factile feedback devices
that do not serve as input devices), audio output devices (such ax speakers (3709), headphones
{not depicted)), visnal output devices {such as screens (3710) to inchude CRT screens, LD
screens, plasma screens, OLED screens, gach with or without touch-sereen input capalulity, sach
with or without tactile feedback capability—some of which may be capable o output two
dimensional visual output or more than three dimensional outpat through means such ag
stereographic suput; virtual-reality plasses (not depictéd), holographic displavs and smoke tanks
{not depicted)), and printers {not depicled).

{0257 Computer system (3700) can also include human accessible storage devices and
thedr sssociated media such as optical wedia incluging CIYVDVD ROMRW {3720} with
CIRYOVD or the Hke media (3721), thumb-drive (3722), removable hard drive or solid state drive
{3723), legacy magnetic media spch as tape and Soppy dise (not depicted), specialized
ROM/ASIC/PLD based devices such as secarity dongles {not depicted), and the like.

{02581 Those skilled in the an should alse understand that tersy “computer réadable
media” as used v connection with the presently disclosed subject maiter does not encompass
transmission media, carrier waves, or other transitory signals.

{0259 Computer system {3700} can also include an interface to one or more
conmmumication networks, Networks can for example be wireless, wireline, optical. Metworks
can further be locsl, wide-area, metropolttan, vehioniar and industrisl, real-time, delay-tolerant,
and so on.. Examples of networks include local area networks such as Ethernet, wireless LANSs,
cellular networks to include GSM, 3G, 4G, 3G, LTE and the like, TV wireline or wireless wide
area digital networks w include cable TV, satellite TV, and terrestrial broadcast TV, vehicular
and industrial fo include CANBus, and so forth, Certain networks commonly require external
network mterface adapters that attached to certain general purpose data ports or peripheral buses
{3749) {such as; for example USRE ports of the computer system {3700)); others are commonly
imtegrated into the core of the computer system {3700) by attachment 1o a system bus as
described below {for example Ethernet interface intwo a PC compuser system or cellular network

inferface o g smartphone coruputer systern). Using any of these networks, computer system
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{3700} can commuuicate with other entities. Such comupmurication can be uni~directional, receive
oty {for example, broadeast TV), uni-directionst send-cnly (for example CANbDbog to cortain
CANbaus devices), or bi-divectional, for example 0 other compuier systems using local or wide
arga digital networks, Certain protocols and provacol stacks can be used on each of those
networks and network interfaces as described above,

02601  Aforementionsd human tnterface devices, human-accessible storage devices, and
network interfaces can be attached to g core {3740) of the computer systeny (3700).

{02611  The core (3740} can nclude one or more Central Processing Units (CPU) (3741,
Graphics Processing Units {GPU) (3742), specialized programimable processing units in the form
of Field Programmable Gate Arveas (FPGA)Y (3743), havdware accelesators for certain tasks
{3744), and so forth. These devices, alohg with Read-only memory (ROM) (3745}, Random-
access memory {3746), internal mass stovage such as internal non-user accessible hard drives,
SSDs, and the like (3747), may be connected through a system bus {3748). In some computer
systens, the system bus (374R) can be accessible tn 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 bos (3748}, or through a peripheral bus (37493
Architectures for a peripheral bas include PCI, USR, and the ke,

{0262]  CPUs (3741), GPUR (3742), FPGAs (3743), and accelerstors (3744 can execute
certain instractions that, in combination, can make up the aforementioned computer code. That
computer code can be stored i ROM (3745) or RAM {3746}, Transitional data can be also be
stored i RAM {3746), whereas pertoanent 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 associsted with one or move CPU {3741, GPU
{3742), mass storage (3747), ROM (3745}, RAM (3746}, and the like.

j0263]  The computer readable media can have computer code thereon for performing
various computer-implemented operations. The media and computer code can be those specially
designed and constructed for the purposes of the present disclosure, or they can be of the kind
well known and available 1o those having skill in the computer software arts.

{0264]  As an example and not by way of limitation, the computer system having
architecture (3700}, and specifically the core (3740) can provide functionglity as a result of
processor(s) (including CPUs, GPUs, FPGA, accelerators, and the like) executing software

embodied in one or more tangihle, computer-readable media. Such computer-readable media



WO 2020/251743 PCT/US2020/034271

45

can be media assoviated with user-accessible mass storage as introduced above, as well as certain
storage of the core {3740} that are of non-trausitory nature, such as core-internal mass storgge
{3747y or ROM (37435). The software implementing various embodiments of the present
disclosure can be stored w such devices and executed by core {3740). A computer-readable
medium can include one or more memaory devices or chiips, according to particular needs, The
software can cause the core {3740) and specifically the processors theréin (including CPU, GFU,
FPGA, and the like} to execute particolar processes or particular paris of particular processes
described herein, including defining Jata stractures stored m RAM (3746) and modifying such
data structures gecording 1o the processes defingd by the software. In addition ar as an
alternative, the computer system can provide fanctionality as a result of logic hardwired or

.
{

otherwise émbodied in a circuit (for example: acvelerator (3744)), which can operase in place of
or together with software to exeonte particular processes ov particular parts of particular
processes described herein. Reference to software can encompass logic, and vice versa, where
appropriate. Reference to a computer—readable media can encompass a circuit (such as an
integrated civeuit (1C)) storing software for execution, a circuit embodying logic for execution, or

both, where appropriate. The present disclostire epcompasses anv suitable combination of

hardware and software.

Appendix A: Acronyms
AMT: Adaptive Multiple Transform
ASIC: Application-Specific Integrated Circuit
BMS: benchmark set
CANBus: Controller Ares Network Bus
CCLM: Cross-Component Linear Model
D Compaet Dise
COT: Compound Orthonormal Transform
CPUs: Central Processing Units
CRT: Cathode Ray Tubs
(TBs: Coding Tree Blocks
CTUs Coding Tree Units
CUr Coding Unit
DV Digitgl Video Disc
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EMT: Enhanced Multiple Transfonn
FPGA- Figld Progranumable Gate Areas
GOPs: Groups of Pictures

GPUs: Graphics Processing Units
GSM: Global System for Mobile communications
HDR: bigh dynanuc range

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

HRI} Hypothetical Reference Decoder
IBC Intra Block Copy

1C: Integrated Cirouit

DT, Hdentity transform

ISP Intra Sub-Partitioning

JEM: joint exploration model

JVET: Joint Video Exploration Team
KLT: Karhunen—-Lodve Transform
LAN: Local Avea Network

LCD: Liquid-Crystal Display

LENST: Low-Frequency Non-Separable Secondary Transform

LTE: Long-Term Evolutipn

MIP: Matrix-based Intra Prediction Mode
MRL (or MRLPY Multple reference line prediction
MTS: Maluple Transform Sefection

MV Motion Vector

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

PBs: Predicton Blocks

PCE: Peripheral Component Interconnect
PLD: Programmable Logic Device

PPX; Picture Parameter Set

FLI: Prediction Unit

RAM: Random Acocess Memary

PCT/US2020/034271
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ROM: Read-Only Memory

R8T Reduced-Bize Transform
SBT; Sab-block Transform

SDR; standard dynamic range
SEL Supplementary Enhancement Information
SNR: Sighal Noise Ratio

SPA. Sequence Parameter Set
SSD: solid-state drive

SVT: Spatially Varying Transtorm
TSM: Transform Skip Mode

TUs: Transform Linits,

USB: Universal Serial Bus

VP& Video Parameter Set

VUL Video Usability Information

YV versatile video coding

PCT/US2020/034271

[0265]  While this disclosure has described several exemiplary embodiments, there are

alterations, permutations, and various substitute equivalents, which fall within the scope of the

disclosure. It will thas be appreciated that those skilled in the art will be able to devize numeross

systems and methods which, although not explicitly shown or desoribed herein, embody the

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

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

recetving a first high level syntax (HLS) element indicating whether an explicit wmultiple
transtorm selection (MTS) is ensbled or disgbled for an intra coded block;

receiving a second HLS element indicating whether the expheit MTS is enabled or
disabled for an inter coded block, wherein the first and second HLS elements control 2 same sét
of coding blocks that include the mtra coded bloek and the mter coded block; and

enabling an implicit MTS for the intra coded block wher the first HLS elenent indicates
the explicit MTS 1s disabled for the intra coded black, and the second HLS element indicates the

explicit MTS iy enabled for the mter coded block.

2. 'The method of claim 1, farther comprising:
applying the tmphicit MTS fo the intra coded block, wherein a transform type for
processing the jutra coded block s determined according (o a size of the intra coded block.
3. The method of claim 1, wherein the first or second HLS element i one of
a video parameter set (VPS) syntax element,
a sequence parameter set (SPS) syntax elément,
a picture pavameter set (PPS) syntax element,
a slice header syntax elament,
4 tile header syntax element, or

a file group header svatax element.

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

partitioning (ISP) made.
5. The method of claim 1, hurther comprising:
receiving a thisd HLS element indicating an MTS is enabled for each of the inter and

mira coded blocks.

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



WO 2020/251743 PCT/US2020/034271

49

receiving a first high level syotax (HLS) element indicating whether an explicii muliiple
transform selection {MTS) is enabled or disabled for an intra coded block;

receiving a second HLS element indicating whether a Non-separable Separable
Secondary Transtorm {(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 flrst HLS element indicates
the exphictt MTS is disabled for the intra coded block, and the second HLS element indicates the
NSET or the MIP is disabled for the intra coded block:

7. The method of claim 6, further comprising:

disabling the implicit MTS for the intra coded block when the fisst HLS element
indicates the explicit MTS is disabled for the intra coded block, and the second HLS element

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

& The method of claim 6, wherein the enabling includes:
enabling the impliclt MTS for the intra coded block when the first HLS element
indicates the explicit MTS is disabled for the intra coded block, and both the NSST and the MiP

are disabled for the intra coded block as indicated by HLS elements,

2, The method of ¢laim 6, further comprising:

applyving the wphicit MTS o the intra coded block,

10, The method of ¢latm €, wherein the first or second HLS glement is one of
a video parameter set {VPS) syntax element,

g sequence paramneter set (SPS) syntax element,

a picture parameter set (PPS) syntax element,

a shce heador syntax element,

a tile header syntax element, or

a tile group header syntax slement.

11, The method of claim 6, wherein the tntra coded block 18 not coded with an intra sulb-

partitoning (18P mode.
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12, The method of claim 6, further comprising:

recetving a third HLS element indicating an MTS is enabled for the intra coded block.

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

recetving an inta coded block associated with a fst block level syntax element
mdicating whether g multiple traosforny selection (MTS) is applied, and a second block level
syntax element indicating whether a non-separable secondary transforny (NSST) is applhied; and

enabling an iraplicit MTS for the intra coded bPlock when the first block level syntax
element indicates the MTS i3 not applied, and the second block level syntax element indicates

the NSST is not gpplied.

14, The method of claim 13, further comprising:

disabling the tmpheit MTS for the intra coded hiock when the fivst block level syntax
elenvent 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 intra coded block is associated with & third
block level syntax element indicating whether a matrix-based intra prediction {MIP} 13 applied,
and

the enabling further inclodes enabling the implicit MTS for the intra coded block when
the first block level syntax element indicates the MTS is not applied, the second bock level
syntax element indicates the NSST 15 not applied, and the third block level syntax element

mndicates the MIF is not apphied.

16. The method of claim 15, further comprising:

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

applied.
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17 The wethod of clainy 13, wherein the first block leve] syntax element indicates the
MTS is not applied by indicating DUT-2 transforms are to be used for processing the mitra coded
block.

18, Themethod of claim 13, further comprising

applying the impliclt MTS to the intra coded block.

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

partitioning (I5P) mode,

20, The method of ¢laim 13, firther comprising:
receiving a igh level syntax (HLS} element indicating an MTS is enabled for the intra

coded blogk,



