wO 20207185427 A1 |0 0000 KO0 0 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
17 September 2020 (17.09.2020)

(10) International Publication Number

WO 2020/185427 Al

WIPO I PCT

(51) International Patent Classification:

HO4N 19/503 (2014.01) HO4N 19/136 (2014.01)
HO4N 19/573 (2014.01) HO4N 19/176 (2014.01)
HO4N 19/577 (2014.01) HO4N 21/234 (2011.01)

(21) International Application Number:
PCT/US2020/020453

(22) International Filing Date:
28 February 2020 (28.02.2020)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:

62/816,869 11 March 2019 (11.03.2019) UsS

(71) Applicant: ALIBABA GROUP HOLDING LIMITED
[—/US]; Fourth Floor, One Capital Place, P.O. Box 847,
George Town, Grand Cayman (KY).

(72) Inventors: LIAO, Ruling; Alibaba Group Legal Depart-
ment, 400 South El Camino Real, Suite 400, San Mateo, CA
94402 (US). YE, Yan; Alibaba Group Legal Department,
400 South El Camino Real, Suite 400, San Mateo, CA 94402
(US). CHEN, Jie; Alibaba Group Legal Department, 400
South El Camino Real, Suite 400, San Mateo, CA 94402
(US).

Agent: CAPRON, Aaron, J.; Finnegan, Henderson,
Farabow, Garrett & Dunner LLP, 901 New York Avenue,
NW, Washington, DC 20001-4413 (US).

(74)

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,

(54) Title: INTER PREDICTION METHODS FOR CODING VIDEO DATA

100

,.__________( Seurce Device 120 )—---—-—-m\
Video Video Output
Source Encoder Interface
Communication )\
Medum
e -( Destination Device 140 } ------------------ — \\\ ﬁj /
\/\5/\
Display Video input |
Device & Decoder 1% Intertace !
146 14d 142

FiG. 1

(57) Abstract: The present disclosure provides systems and methods for inter prediction process in video data coding. One exemplary
method comprises: selecting one of a DMVR process and a BDOF process, based on a video bitstream, and inter predicting an image
block based on the selected process. The selection can be made either through explicit signaling, or implicit derivation at the decoder
side. According to one exemplary method, selecting the one of the DM VR process and the BDOF process can be performed by selecting
the one of the DMVR process and the BDOF process based on: a flag signaled at at least one of a coding unit (CU) level and a coding
tree unit (CTO) level, or a merge candidate index associated with an extended merge candidate list.
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INTER PREDICTION METHODS FOR CODING VIDEO DATA

CROSS-REFERENCE TO RELATED APPLICATION

[601] This application claims priority to and the benefits of priority to U.S.
Provisional Patent Application No. 62/816,869, filed on March 11, 2019, which is

incorporated herein by reference in its entirety.

TECHNICAL FIELD

[6G2] The present disclosure generally relates to video data processing, and more

particularly, to simplified inter prediction processes for coding and decoding video data.

BACKGROUND

[603] Video coding is often used to convert and compress digital video signals, for
instance, to reduce storage space consumed or to reduce transmission bandwidth consumption
associated with such signals.

[004] A video coding system may involve various tools or techniques to solve
different problems involved in the coding process. For example, in the video coding process,
the input video data can be partitioned into block units of different sizes and processed block
by block. In the prediction process, the blocks can be predicted using various prediction
modes, such as intra prediction mode and inter prediction mode. Various techniques have
been proposed to improve the efficiency and accuracy of video coding, and to reduce the
computational complexity 1ovolved.

0451 However, application of different techniques may be subject to different
conditions. For example, some techniques may require the coding unit satisty various
conditions, or that the coding unit be coded in a particular mode. Some techniques may only
apply to the luma components. Combination of different techniques may not be feasible for

processing all the blocks, and may not be practical for certain hardware configurations. It is
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therefore desirable to properly combine or select different techniques, taking into account of

their respective applicability conditions and hardware requirements.

SUMMARY OF THE DISCLOSURE

[006] The embodiments of the present disclosure provide methods and systems for
simplification of inter prediction processing. According to some embodiments, additional
information may be signaled to indicate which one of the decoder side motion vector
refinement (DMVR) process and the bi-directional optical flow (BDOF) process is to be
performed in processing video data. One exemplary method comprises: selecting one of a
DMVR process and a BDOF process, based on a video bitstream; and inter predicting an
image block based on the selected process. Selecting the one of the DM VR process and the
BDOF process comprises: selecting the one of the DMVR process and the BDOF process
based on a flag signaled at at least one of a coding unit (CU} level and a coding tree umit
{CTU) level, or a merge candidate index associated with an extended merge candidate list.

[607] In some embodiments, selection of the DMVR process and the BDOF process
for video data processing can be performed through implicit derivation at the decoder side.
For example, according to one exemplary method, selecting the one of the DMVR process
and the BDOF process can be based on at least one of the following: a distortion of two
reference blocks of the image block, a motion vector of the image block, a size of the image
block, a shape of the image block, a motion vector associated with a neighboring block of the
image block, and signal statistics.

[008] In some embodiments, selection of the DMVR process and the BDOF process
for video data processing comprises: splitting the image block into a plurality of sub-blocks;
and selecting the one of the DMVR process and the BDOF process for each of the plurality of

sub-blocks.
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[009] In some embodiments, methods for processing video data are provided. One
exemplary method comprises: determining whether a triangle partition mode 15 applied to
inter prediction of an image block; and in response to the triangle partition mode being
applied to the inter prediction of the image block, disabling a sub-block transform mode with
respect to the image block.

[010] In some embodiments, apparatuses for processing video data are provided.
One exemplary apparatus comprises: a memory storing instructions; and a processor
configured to execute the instructions to cause the device to: select one of a DMVR process
and a BDOF process, based on a video bitstream; and inter predict an image block based on
the selected process.

[011] Insome embodiments, apparatuses for processing video data are provided.
One exemplary apparatus comprises: a memory storing instructions; and a processor
configured to execute the instructions to cause the device to: determine whether a triangle
partition mode is applied to inter prediction of an image block; and if the triangle partition
mode is determined to be applied to the inter prediction of the image block, disable a sub-
block transform mode with respect to the image block.

[012] Insome embodiments, computer-readable mediums are provided. An
exemplary non-transitory computer-readable medium stores a set of 1nstructions that is
executable by one or more processors of a video processing device to cause the device to
perform a method comprising: selecting one of a BMVR process and a BDOF process, based
on a video bitstream; and inter predicting an image block based on the selected process.

[013] In some embodirnents, coraputer-readable mediums are provided. An
exemplary non-transitory computer-readable medium stores a set of instructions that is
executable by one or more processors of a video processing device to cause the device to

perform a method comprising: determining whether a triangle partition mode 1s applied to
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inter prediction of an image block; and in response to the triangle partition mode being
determined to be applied to the inter prediction of the image block, disabling a sub-block

transform mode with respect to the image block.

BRIEF BDESCRIPTION OF THE DRAWINGS

[014] Embodiments and various aspects of the present disclosure are illustrated in
the following detailed description and the accompanying figures. Various features shown in
the figures are not drawn to scale.

[015] FIG. 115 a schematic diagram illustrating an exemplary video encoding and
decoding system, consistent with some embodiments of the present disclosure.

[G616] FIG. 21s a schematic diagram illustrating an exemplary video encoder that
may be a part of the exemplary system of FIG. 1, consistent with some embodiments of the
present disclosure.

[017] FIG. 315 a schematic diagram illustrating an exemplary video decoder that
may be a part of the exemplary system of FIG. 1, consistent with some embodiments of the
present disclosure.

[018] FIG. 415 a schematic diagram of an example of extended coding-unit (CU)
region used in bi-directional optical flow (BDOF), consistent with some embodiments of the
present disclosure.

[019] FIG. 5is a schematic diagram illustrating an example of decoder side motion
vector refinement, consistent with sorue erabodiments of the present disclosure.

[023] FIG. 615 a schematic diagram illustrating an exemplary decoder-side~-motion-
vector-refinement (DM VR) searching procedure, consistent with some embodiments of the
present disclosure.

[021] FIG. 7 ts a schematic diagram illustrating an example of DMVR integer luma

sample searching pattern, consistent with some embodiments of the present disclosure.
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[022] FIG. 8is a schematic diagram illustrating exemplary DMVR and BDOF
processes implemented by a decoder, consistent with some embodiments of the present
disclosure.

(0231 FIG. 9is a schematic diagram tllustrating exemplary DMVR and BDOF
processes implemented by a decoder, consistent with some embodiments of the present
disclosure.

[024] FIG. 1915 an exemplary table including a merge data syntax structure with
flag signaling, consistent with some embodiments of the present disclosure.

[025] FIG. 11 1s an exemplary table including a coding tree unit syntax structure
with flag signaling, consistent with some embodiments of the present disclosure.

[026] FIG. 12A s an exemplary table including a coding tree unit syntax structure
with flag signaling, consistent with some embodiments of the present disclosure.

[027] FIG. 12B s an exemplary table including a merge data syntax structure with
flag signaling, consistent with some embodiments of the present disclosure.

[028] ¥IG. 13 15 an exemplary table including a merge data syntax structure with
flag and threshold signaling, consistent with some embodiments of the present disclosure.

[029] FIG. 14 illustrate examples of triangle partition based inter prediction,
consistent with some embodiments of the present disclosure.

[630] FIG. 15 llustrate examples of sub-block transform for inter predicted block,
consistent with some embodiments of the present disclosure.

{031] FIG. 161llustrate an example of sub-block transform for inter predicted block
when the triangle partition and sub-block transform mode are combined, consistent with
some embodiments of the present disclosure.

[032] FIG. 17 15 an exemplary table including a coding unit syntax structure,

consistent with some embodiments of the present disclosure.
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[033] FIG. 1815 a block diagram of a video processing apparatus, consistent with

some embodiments of the present disclosure.

PETALLED DESCRIPTION

{034] Reference will now be made in detail to exemplary embodiments, examples of
which are illustrated in the accompanying drawings. The following description refers to the
accompanying drawings in which the same numbers in different drawings may represent the
same or similar elements unless otherwise represented. The implementations set forth in the
following description of exemplary emabodiments do not represent all implementations
counsistent with the invention. Instead, they are merely examples of apparatuses and methods
consistent with aspects related to the invention as recited in the appended claims.

[035] FIG. 1is a block diagram illustrating an example video encoding and
decoding system 100 that may utilize techniques 1o compliance with various video coding
standards, such as HEVC/H 265 and VVC/H 266, As shown in FIG. 1, system 100 includes a
source device 120 that provides encoded video data to be decoded at a fater time by a
destination device 140. Consistent with some embodiments of the present disclosure, each of
source device 120 and destination device 140 may include any of a wide range of devices,
such as a deskiop computer, a notebook (e.g., laptop) computer, a tablet computer, a set-top
box, a mobile phone, a television, a camera, a wearable device (e.g., a smart watch or a
wearable camera), a display device, a digital media player, a video gaming console, a video
streaming device, or the like. Source device 120 and destination device 140 may be equipped
for wireless or wired communication.

[036] Referring to FIG. 1, source device 120 may include a video source 122, a
video encoder 124, and an output interface 126, Destination device 140 may include an input
interface 142, a video decoder 144, and a display device 146, In some embodiments, a source

device and a destination device may further include other components or arrangements. For
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example, source device 120 may receive video data from an external video source (not
shown}, such as an external camera. Likewise, destination device 140 may interface with an
external display device, rather than including an integrated display device.

(0371 Although in the following description, some techniques are explained as being
performed by a video encoding device, the technigues may also be performed by a video
encoder/decoder, typically referred to as a “CODEC.” Moreover, the techniques of the
present disclosure may also be performed by a video preprocessor. Source device 120 and
destination device 140 are merely examples of such coding devices in which source device
120 generates coded video data for transmission to destination device 140. In some
embodiments, source device 120 and destination device 140 may operate 1o a substantially
symmetrical manner such that each of source device 120 and destination device 140 includes
video encoding and decoding components. Hence, system 100 may support one-way or two-
way video transmission between source device 120 and destination device 140, e.g., for video
streaming, video playback, video broadcasting, or video telephony.

[038] Video source 122 of source device 120 may include a video capture device,
such as a video camera, a video archive containing previcusly captured video data, or a video
feed interface to receive video from a video content provider. As a further alternative, video
source 122 may generate computer graphics-based data as the source video, or a combination
of live video, archived video, and computer-generated video. The captured, pre-captured, or
computer-generated video may be encoded by video encoder 124, The encoded video
information may then be output by output interface 126 onto a communication medium 160

[039] Output interface 126 may include any type of medium or device capable of
transmitting the encoded video data from source device 120 to destination device 140. For
example, output interface 126 may include a transmitter or a transceiver configured to

transmit encoded video data from source device 120 directly to destination device 140 in real-
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time. The encoded video data may be modulated according to a communication standard,
such as a wireless communication protocol, and transmitted to destination device 140

[040] Communication medium 160 may tnclude transient media, such as a wireless
broadcast or wired network transmission. For example, communication medium 160 may
include a radio frequency (R¥F) spectrum or one or more physical transmission lines (e.g., a
cable). Communication medium 160 may form part of a packet-based network, suchas a
focal area network, a wide-area network, or a global network such as the Internet. In some
embodiments, communication medium 160 may include routers, switches, base stations, or
any other equipment that may be useful to facilitate commumnication from source device 120
to destination device 140, For example, a network server (not shown) may receive encoded
video data from source device 120 and provide the encoded video data to destination device
140, e.g., via network transmission.

[041] Communication medium 160 may also be in the form of a storage media (e.g.,
nou-transitory storage media), such as a hard disk, flash drive, compact disc, digital video
disc, Blu-ray disc, volatile or non-volatile memory, or any other suitable digital storage media
for storing encoded video data. In some embodiments, a computing device of a medium
production facility, such as a disc stamping facility, may receive encoded video data from
source device 120 and produce a disc containing the encoded video data.

[042] Input interface 142 of destination device 140 receives information from
communication medium 160. The received information may include syntax information
including syntax elements that describe characteristics or processing of blocks and other
coded uruts. The syntax information is defined by video encoder 124 and used by video
decoder 144. Display device 146 displays the decoded video data to a user and may include

any of a variety of display devices such as a cathode ray tube (CRT), a liquid crystal display
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(LCD), a plasma display, an organic light emitting diode (OLED) display, or another type of
display device.

[043] As another example, the encoded video generated by source device 120 may
be stored on a file server or a storage device. Input interface 142 may access stored video data
from the file server or storage device via streaming or download. The file server or storage
device may be any type of computing device capable of storing encoded video data and
transmitiing that encoded video data to destination device 140. Examples of a file server
include a web server that supports a website, a file transfer protocol (FTP) server, a network
attached storage (NAS) device, or a local disk drive. The transmission of encoded video data
from the storage device may be a streaming transmission, a download transmission, ot a
combination thereof.

[044] Video encoder 124 and video decoder 144 each may be implemented as any of
a variety of suitable encoder circuitry, such as one or more microprocessors, digital signal
processors {(DSPs), application specific integrated circutts {ASICs), field programmable gate
arrays {FPGAs), discrete logic, software, hardware, firmware or any combinations thereof,
When the techniques are implemented partially 1n the form of software, a device may store
instructions for the software in a suitable, non-transitory computer-readable medium, and
execute the instructions in hardware using one or more processors to perform the techniques
of this disclosure. Each of video encoder 124 and video decoder 144 may be included in one
or more encoders or decoders, either of which may be integrated as part of a combined
encoder/decoder (CODEC) in a respective device.

[045] Video encoder 124 and video decoder 144 may operate according to any video
coding standard, such as the Versatile Video Coding (VVC/H.266) standard, the High
Efficiency Video Coding (HEVC/H 265) standard, the ITU-T H.264 (also known as MPEG-

4} standard, etc. Although not shown in FIG. 1, in some embodiments, video encoder 124

9
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and video decoder 144 may each be integrated with an audio encoder and decoder, and may
include appropriate MUX-DEMUX units, or other hardware and software, to handle
encoding of both audio and video 10 a common data stream or separate data streams.

(0461 FIG. 2 s a schematic diagram tllustrating an exemplary video encoder 200,
consistent with the disclosed embodiments. For example, video encoder 200 may be used as
video encoder 124 in system 100 (FIG, 1). Video encoder 200 may perform intra- or inter-
coding of blocks within video frames, including video blocks, or partitions or sub-partitions
of video blocks. Intra-coding may rely on spatial prediction to reduce or remove spatial
redundancy in video within a given video frame. Inter-coding may rely on temporal
prediction to reduce or remove teroporal redundancy 1o video withio adjacent frames of a
video sequence. Intra modes may refer to a number of spatial based compression modes. Inter
modes {(such as uni-prediction or bi-prediction} may refer to a number of temporal-based
compression modes.

[047] Referning to FIG. 2, input video signal 202 may be processed block by block.

For example, the video block unit may be a 16x16 pixel block (e.g., a macroblock (MB)).

The size of the video block units may vary, depending on the coding techniques used, and the
required accuracy and efficiency. In HEVC, extended block sizes {e.g., a coding tree unit
(CTU)) may be used to compress video signals of resolution, e¢.g., 1080p and beyond. In
HEVC, a CTU may include up to 64x64 luma samples corresponding chroma samples, and
associated syntax elements. In VVC, the size of a CTU may be further increased to include
128x128 luma samples, corresponding chroma sarmples, and associated syntax elements. A
CTU can be further divided into coding units (CUs) using, for example, quad-tree, binary
tree, or ternary tree. A CU may be further partitioned into prediction units (PUs), for which
separate prediction methods may be applied. Each input video block may be processed by

using spatial prediction unit 260 or temporal prediction unit 262

10
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[048] Spatial prediction unit 260 performs spatial prediction {(e.g., intra prediction}
to the current block/CU using information on the same picture/slice containing the current
block. Spatial prediction may use pixels from the already coded neighboring blocks in the
same video picture frame/slice to predict the current video block. Spatial prediction may
reduce spatial redundancy inherent in the video signal.

[049] Temporal prediction unit 262 performs temporal prediction (e.g., inter
prediction} to the current block using information from picture(sy/slice(s) different from the
picture/slice containing the current block. Temporal prediction for a video block may be
signaled by one or more motion vectors. In unit-directional temporal prediction, only one
motion vector indicating one reference picture 1s used to generate the prediction signal for the
current block. On the other hand, in bi-directional temporal prediction, two motion vectors,
each indicating a respective reference picture, can be used to generate the prediction signal
for the current block. The motion vectors may indicate the amount and the direction of
motion between the current block and one or more associated block{s) in the reference
frames. If multiple reference pictures are supported, one or more reference picture indices
may be sent for a video block. The one or more reference indices may be used to identity
from which reference picture(s) in the reference picture store or decoded picture buffer
(DPB) 264, the temporal prediction signal may come.

[638] Mode decision and encoder control unit 280 in the encoder may choose the
prediction mode, for example, based on rate-distortion optimization. Based on the determined
prediction mode, the prediction block can be obtained. The prediction block may be
subtracted from the current video block at adder 216, The prediction residual may be
transformed by transformation unit 204 and quantized by quantization unit 206. The
quantized residual coetficients may be inverse quantized at inverse quantization unit 210 and

inverse transformed at inverse transform unit 212 to form the reconstructed residual, The

11
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reconstructed residual may be added to the prediction block at adder 226 to form the
reconstructed video block. The reconstructed video block before loop-filtering may be used
to provide reference samples for intra prediction.

{0511 The reconstructed video block may go through loop filtering at loop filter 266.
For example, loop filtering such as deblocking filter, samiple adaptive offset (SAO), and
adaptive loop filter (ALF) may be applied. The reconstructed block after loop filtering may
be stored in reference picture store 204 and can be used to provide inter prediction reference
samples for coding other video blocks. To form the output video bitstream 220, coding mode
(e.g., inter or intra), prediction mode information, motion information, and quantized residual
coefficients may be sent to the entropy coding unit 208 to further reduce the bit rate, before
the data are compressed and packed to form bitstream 220.

(6521 FIG. 3is a schematic diagram illustrating a video decoder 300, consistent with
the disclosed embodiments. For example, video decoder 300 may be used as video decoder
144 in system 100 (FIG. 1). Referring to FIG. 3, a video bitstream 302 may be unpacked or
entropy decoded at entropy decoding unit 308. The coding mode information can be used to
determine whether the spatial prediction unit 360 or the temporal prediction unit 362 is to be
selected. The prediction mode information can be sent to the corresponding prediction unit to
generate the prediction block. For example, motion compensated prediction may be applied
by the temporal prediction unit 362 to form the temporal prediction block.

[053] The residual coefficients may be sent to inverse quantization unit 310 and
inverse transtform unit 312 to obtain the reconstructed residual. The prediction block and the
reconstructed residual can be added together at 326 to form the reconstructed block before
loop filtering. The reconstructed block may then go through loop filtering at loop filer 366.
For example, loop filtering such as deblocking filter, SAQ, and ALF may be applied. The

reconstructed block after loop filtering can then be stored in reference picture store 364, The

12
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reconstructed data in the reference picture store 364 may be used to obtain decoded video
320, or used to predict future video blocks. Decoded video 320 may be displayed on a display
device, such as the display device 146 as described in system 100 (FIG. 1)

[054] Consistent with some embodiments of the present disclosure, the bi-directional
optical flow (BDOF) processing is described below. The BDOF process can be used to refine
the bi-prediction signal, for example, the prediction signal of a CU at the 474 sub-block level,
such as the 4x4 sub-block 402 as shown 1o FIG. 4. In some embodiments, application of the
BDOF process may be subject to certain constraints. For example, the BDOF process may be
applied to a CU if the following conditions are satistied: (1) the CU’s height is not 4, and the
CU%s width is not 4; (2) the CU has more than 64 luma samples; (3) the CU 1s not coded
using affine mode, combined tnter and intra prediction mode (CIIP) or the alternative
temporal motion vector prediction (ATMVP) merge mode; (4) the CU is coded using true bi-
prediction mode (that is, one of the two reference pictures used for coding the CU is prior to
the current picture in the display order, and the other is after the current picture in the display
order}; and (5) the CU is not coded using weighted prediction or bi-prediction with CU-level
weight (BCW) mode. In addition, BDOF can be applied to the luma components.

[055] The BDOF process s based on the optical tflow concept, which assumes that
the motion of an object is smooth. For each 4x4 sub-block, a motion refinement (vx, vy} can
be calculated by mintmizing the difference between the LO and L1 prediction samples. The
motion refinement can be used to adjust the bi-predicted sample values in the 424 sub-block.

Exemplary processing involved in the BDOF process 1s described in the example below.

e

artk
dy

pley )
[056] First, the horizontal and vertical gradients, %;m {(i,]) and (i), k=01,

of the two prediction signals can be computed by directly calculating the difference between

two neighboring samples, i.e,

13
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are

pw (i, = (ﬂ’“(i + LN -1~ j)) > 4
1A . :

5 ) = (190 + 1) =196 - 1) > 4

where [ (4, j) are the sample value at coordinate (7, j} of the prediction signal in list k, k =
0,1
[057] The auto- and cross-correlation of the gradients, §;, §,, 53, 55 and S¢, can be
calculated as
Sy = E(i,j)e(z Y6, )L ), Sz = E(i,j_)egﬁf(ip_i) P (L))

5; = Z(i_}‘)EQ “i)x(i»j) ’ Epv@d)
""" = Lanea®rG ) Y (L))  Ss = L e 80670 ¥y (L))

where
@;(L‘) {31(0‘;
Y (i) = ( ) (l i ng
@
l_i:y(i,j) = 5 (z,j)+ 5 (i,jYy 1>»n,

¥d

06,1 = (196 » 1) = (196 » ny)
where {1 is a 6x6 window around the 444 sub-block, such as 6x6 window 404 around 4x4

sub-block 402, as shown in FIG. 4
[058] The motion refinement (vx, vV) can be derived using the cross- and auto-

correlation terms based on the following:
Uy =8 > 07 czip3< z:hp,(,, sror —( (S5 277™a) > {log, S, j)> 10

v, = 8 > 07 Ciip?%( tth, ‘h;,‘,(},, - ((56 27T ((%Szm} K ng, + vszls)/2>

= {log, &j)) : 0

[059] Based on the motion refinement and the gradients, the following adjpustment

can be calculated for each sample in the 4x4 sub-block:

14



WO 2020/185427 PCT/US2020/020453

N

P,y P, y}) /2

ax dx

+ rnd Uy ( 3y

[060] The BDOF samples of the CU can be calculated by adjusting the bi-prediction

o1V, y) 0l (x,y) /2
dy )

samples as follows:

predppor(x,y) = (i'(o)(xr ¥y + 100 y) + bx,y) + Ooffset} > shift

[061] Inthe above example, the values of n,, 1y, and ng, are equal to 3, 6, and 12,
respectively. These values are selected such that the multipliers tn the BDOF process do not
exceed 15-bit, and the maximum bit-width of the intermediate parameters in the BDOF
process is kept within 32-bit.

[062] In order to derive the gradient values, some prediction samples [%(i, /) in list
k (k = (,1) outside of the current CU boundaries may need to be generated. As shown in
FIG. 4, the BDOF process uses one extended row/column 406 around the CU’s boundaries.
In some embodiments, to control the computational complexity associated with generating
the out-of-boundary prediction samples, bilinear filter can be used to generate prediction
samples in the extended area. Further, the normal 8-tap motion compensation interpolation
filter can be used to generate prediction samples within the CU. These extended sample
values can be used in gradient calculation. For the remaining procedures in the BDOF
process, if any sample and gradient values outside of the CU boundaries are needed, they can
be padded (i.e. repeated) from their nearest neighbors.

[663] The decoder side motion vector refinement (DMVR) process is a
bilateral-matching (BM) based decoder side motion vector refinement process. The DMVR
process can be used to increase the accuracy of the motion vectors (MVs) of the merge mode.

In bi-prediction operation, a refined MV can be searched around the initial MVs in the
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reference pictures, for example, reference picture list L0 and reference picture list L1 (for
example, as shown in FIG. §). The BM method can be used to calculate the distortion
between the two reference blocks in the reference picture list L0 and hist L1,

[064] FIG. 815 a schematic diagram tllustrating an example of the BMVR process
500, consistent with some embodiments of the present disclosure. As shown in FIG, 5, based
on the motion trajectory of the current block 512 in current picture 510, two reference blocks
522 and 532 can be identified in reference pictures 520 and 530, The sum of absolute
differences (SAD) between reference blocks 522 and 532 based on each MV candidate
around the initial MV can be calculated. The MV candidate with the lowest SAD can be
considered as the refined MV and used to generate the bi-prediction signal.

[065] In some embodiments, the DMVR process can be applied for CUs which
satisty the following conditions: (1) CU level merge mode with bi-prediction MV, {2} one
reference picture is in the past and another reference picture 1s in the future with respect to
the current picture; (3) the distances (i.e. picture order count (POC) difference) from both
reference pictures 1o the current picture are the same; (4) the CU has more than 64 luma
samples and both CU width and CU height are larger than or equal to 8 luma samples; and (5)
the CU is not coded using CIIP, weight prediction or BCW mode. The refined MV derived by
the DMVR process can be used to generate the inter prediction samples, and can also be used
in temporal motion vector prediction for coding future pictures. The original MV can be used
in deblocking process, or in spatial motion vector prediction for future CU coding.

[066] As shown FIG, §, the search points surrounding the nitial MV and the MV
offset obey the MV difference mirroring rule. In other words, any points that are checked by
the DMVR process, denoted by candidate MV pair (MVY0, MV 1), chey the following two

equations:
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MV1 = MV1 -~ MV offset,

where MV _of [ set represents the refinement offset between the imutial MV and the refined
MYV in a reference picture. In some embodiments, the refinement search range can be two
integer luma samples from the initial MV,

[067] FIG. 6 illustrates an exemplary DMVR searching process 600 of DMVR,
consistent with some embodiments of the present disclosure. As shown in FIG. 6, the
searching process can include an integer sample offset search stage 610 and a fractional
sarnple refinement stage 620 Tn some embodiments, to reduce the search complexity, a
searching method with an early termination mechanism can be applied in the integer sample
offset search stage 610. For example, instead of 25 points full search, a 2-iteration search
scheme can be applied to reduce the number of SAD checking points.

[068] As shown in FEG. 7, a maxim of 6 SADs can be checked 1n the first iteration.
First, the SAD of the five points (center and P1 ~ P4} are compared. I the SAD of the center
position is the smallest, the integer sample offset stage of the DMVR process (namely, 610 in
FIG. 6) can be terminated. If the SAD of the center position is not the smallest, one more
position PS can be checked. P5 can be determined by the SAD distribution of P1 ~ P4, The
position (among P1 ~ P5) with the smallest SAD can be selected as the center position of the
second iteration search. The process of the second iteration search can be substantially similar
to that of the first tteration search. The SAD calculated in the first iteration can be re-used in
the second iteration. Therefore, SAD of only 3 additional points mav need to be further
calculated.

[069] Referring back to FIG. 6, integer sample offset search stage 610 can be
followed by fractional sample refinement stage 620. In some embodiments, the fractional
sample refinement can be derived by using parametric error surface equation, tnstead of

additional search with SAD comparison. That way, computational complexity may be
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reduced. The fractional sample refinement stage 620 can be invoked based on the output of
the integer sample offset search stage. As noted above, the integer sample offset search stage
610 may be terminated if the center position has the smallest SAD. This may occur in either
the first iteration or the second iteration search. If this occurs, fractional sample refinement
stage 620 can be further applied.

[070] In parametric error surface based sub-pixel offsets estimation, the center
position cost and the costs at the four neighboring positions from the center can be used to fit

a 2-D parabolic error surface equation as follows:

E (X; ;‘v’:} = A@v """ xmin}z + B C}] y‘min)z +C,

where (X, Ymin) corresponds to the fractional position with the least cost and C
corresponds to the mintmum cost value. By solving the above equations using the cost value

of the five search points, the (X0, Yimin) can be computed as:

[071] The value of x,,;, and v,,,;, can be constrained to be between — 8 and 8, since
all cost values are positive and the smallest value is £(0,0). This can correspond to half-pel
offset with 1/16th-pel MV accuracy. The computed fractional (X5, Yimin) Can be added to
the integer distance refinement MV to obtain the sub-pixel accurate refinement delta MV,

(6721 A brief description of bilinear-interpolation and sample padding is provided
below. In VYV, for example, the resolution of the MVs 15 1/16th luma samples. The samples
at the fractional positions are interpolated using an 8-tap interpolation filter. In the DMVR
process, the search points surround the initial fractional-pel MV with integer sample offset.

Therefore, the samples of those fractional positions may need to be interpolated for the
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DMVR search process. To reduce the calculation complexity, the bi-linear interpolation filter
can be used to generate the fractional samples for the DMVR searching process.

[073] Another feature of using bi-linear filter 1s that with 2-sarople search range, the
DMVR process does not access more reference samples compared to the normal motion
compensation process. After the refined MV is attained with the DMVR search process, an &-
tap interpolation filter can be applied to generate the final prediction. The samples, which are
not needed for the interpolation process based on the original MV but needed for the
interpolation process based on the refined MV, can be padded (e.g. repeated) from those
available samples. That way, the DMVR search process does not need to access more
reference samples than the normal rootion compensation process.

[074] When the width and/or height of a CU are larger than 16 luma samples, it can
be further divided into sub-blocks with width and/or height equal to 16 luma samples.
Consistent with some embodiments of the present disclosure, the maximum unit size for the
DMVR searching process can be limited to 16x16.

(0751 Insome embodiments, a combination of the BDOF process and the DMVR
process can be implemented. For example, to predict an inter block, multiple processes
including motion compensation, the DMVR process and the BDOF process may need to be
performed. As Hustrated 1o FIG. 8, the refined motion vector after the DMVR process can be
used as the initial motion vector of BBOF process. In some embodiments, consistent with
FIG. 8, the DMVR process and the BDOF process can be sequentially processed.

[076] As shown in the exemplary decoder 800 in FIG. 8, the temporal prediction
unit 862 can include components to respectively perform motion compensation at 862C, the
DMVR process at 8628, and the BDOF process at 862A. The processing output from the
DMVR process at 8628 is used as the input for the BDOF process at 862A. Decoder 800

further includes various other units to process bitstream 302, for example, entropy decoding
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unit 808, inverse quantization unit 810, inverse transform unit 812, spatial prediction unit
860, loop filter 866, and reference picture store 864. Decoded video 820 may be obtained
based on the decoded data in reference picture store 864, The above units and components
may perform similar processing as those performed by cotresponding units described above
with reference to FIG. 3, the details of which are not repeated herein.

[077] Insome embodiments of the present disclosure, a merge mode 1s implemented
in which the motion information of the current CU can be directly derived by the spatially or
temporally coded blocks. In the merge mode, multiple motion information candidates are
derived and put into a merge candidate list. The encoder can select one from the candidate hist
and signal it in the bitstrearn. The merge candidate list can be constructed by including the
following five types of candidates in the following order: (1) spatial motion vector prediction
(MVP) candidates from spatial neighbor CUs; (2) temporal MVP candidates from collocated
CUs; (3) hustory-based MVP candidates from a First in, First Out (FIFO) table; (4) pairwise
average MVP candidates; and (5) zero MVs.

[078] In some embodiments, the size of the merge candidate list can be indicated in
the slice header and the maximum aliowed size of the merge candidate list can be, for
example, 6. For each CU coded using merge mode, an index of the best merge candidate can
be encoded using truncated unary (TU) binarization. The first bin of the merge index can be
coded with context. For the other bins, bypass coding can be used.

(6791 In some embodiments, both the DMVR process and the BDOF process can be
only applied on CUs coded using merge mode. After determining the merge candidate (that
is, the motion information is determined for the current CU), the decoder can check the
DMVR and BDOF applicability conditions. As noted above, the merge candidate can be
indicated by the merge index. H the conditions are satisfied, one or both of the DMVR

process and the BDOF process can be applied. Depending on applicability conditions such as
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the motion information and the block size, a merge mode coded CU may be processed by the
DMVR process only, the BDOF process only, both of them, or neither of them.

[080]  As described above with reference to FIG. 8, the DMVR and the BDOF
processes can both be applied for coding certain CUs. However, sequential processing of the
DMVR and BDOF process can be expensive and may not be practical for some hardware
designs. In certain hardware architecture, the two processes are put into the same hardware
pipeline stage. Due to the coroplex computation of the DMVR and the BDOF processes, it
may not be practical to fit both processes into the hardware cycle limitation. In addition, the
DMVR process and the BDOF process are applied when the applicability conditions are
satisfied. However, this may not be suitable for all blocks.

[081] To address the above problems, in some embodiments of the present
disclosure, only one of the DMVR and the BDOF processes is to be performed. As shown in
FIG. 9, temporal prediction unit 962 can include components to respectively perform motion
compensation at 962C, and one of the DMVR process at 9628 and the BDOF process at
962A. That is, when the DMVR process is performed at 9628, the BDOF process at 962A i3
not performed. Similarly, if the BDOF process at 962A is performed, then the DMVR
process at 9628 is not performed. The decoder 900 as shown in FEG. 9 further includes
various other units to process bitstream 902, for example, entropy decoding unit 908, inverse
quantization unit 910, inverse transform unit 912, spatial prediction unit 960, loop filter 966,
and reference picture store 964. Decoded video 920 may be obtained based on the decoded
data in reference picture store 964. The above units and components may perform sumilar
processing as those performed by corresponding units described above with reference to FIG.
3, the details of which are not repeated herein.

[082] According to some embodiments of the present disclosure, additional

information can be provided 1o the bitstream to determine whether the DMVR process or the



WO 2020/185427 PCT/US2020/020453

BDOF process is applied. The additional information can be explicitly signaled. For example,
a flag can be signaled to indicate whether the DMVR process or the BDOF process is
performed. The flag may be signaled at different levels. In some embodiments, a higher-level
flag can be signaled to indicate which one of the DMVR and the BDOF processes is
performed when both of the processes can be applied to the same block. This higher-level
flag may be signaled at the sequence parameter set (SPS) level, the picture parameter set
(PPS) level, the picture header structure syntax, the slice header, the tile group level, or the
CTU fevel.

[083] Asan example, the flag may be signaled at the CU level, together with the
merge index, as shown in table 1000 illustrated in FIG. 18, The syntax element drovr flag
{see syntax element 1010 in FIG. 16) can be used to indicate which one of the DMVR
process and the BDOF process is applied to the inter predicted block. If the flag is not present
or not signaled, the flag can be considered to be O, which indicates a default process 1s to be
applied. The default process can be set to indicate the DMVR process, or alternatively, the
BDOF process.

[084] In some embodiments, the flag may be signaled at the CTU level, as shown in
table 1100 illustrated in FIG. 11, The syntax dmvr_ctb flag (see syntax element 1110) can be
shared among all the CUs within a CTU, and 13 used to indicate which one of the DMVR
process and the BDOF process is performed for all the CUs. If the flag is not present or not
signaled at the CTU level, the flag can be considered to be 0, which indicates a default
process 18 to be applied for all the CUs within the CTU. The default process can be set to
indicate the DMVR process, or alternatively, the BDOF process.

[085] In some embodiments, a first flag may be signaled at the CTU level and a
second flag may be signaled at the CU level. As shown in table 1200 illustrated in FiGs. 12A

and 128, the syntax dmvr_ctb_flag (see syntax element 1210 in FEG. 124A) at the CTU level
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can be used to indicate whether the CU level dmvr_flag is signaled or not. For example, if the
dmvr ctb flagis equal to 1, the flag can indicate that the dmvr flag is signaled at the CU
level. On the other hand, when the dmvr_ctb flag is not present, the flag can be considered to
be 0, which can be used to indicate that the dmvr flag is not signaled at the CU level. That is,
the syntax dmvr flag at the CU level is only signaled when the dmvr ctb_flag at the CTU
level 1s equalto 1.

[0B6]  As an example of the above, when dmvr_ctb_ flag (see syntax element 1210 in
FIG. 12A) s equal to 1, a CU level flag dmvr_flag (see syntax element 1220 in FIG. 128) s
signaled to indicate which one of the DMVR process and the BDOF process is performed for
the CU. When dmvr_ctb flag (see syntax element 1210 in FIG. 12A) ts equal to 0, 1t can be
used to indicate that all the CUs within this CTU is coded with a default process. The default
process can be set to be either the BDOF process, or the DMVR process. No CU level flag s
signaled.

[087] In some embodiments, context-adaptive binary arithmetic coding (CABAC)
may be applied to code the dmvr_flag. The CABAC context may depend on characteristics of
the block. For example, the characteristics can relate to the size of the block, such as the
number of luma samples, the width of the block, the height of the block, or both the width
and height of the block. Further, the CABAC context may depend on dmvr_flag of the
neighboring blocks. For example, the block to its left and/or the block on top may be used to
form the CABAC context.

[088] According to some embodiments of the present disclosure, whether the
DMVR process or the BDOF process is performed can be signaled through the merge
candidate index. In some embodiments, the number of merge candidates in the merge
candidate hist can be doubled. Specifically, suppose that the original merge candidate list

includes a set of A candidates with the index from O to A-1. A second set of M candidates,
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same as the original set of M candidates, can be inserted at the end of the merge candidate
list, to generate an extended merge candidate list. That is, the Af candidates are repeated in

-

the merge candidate list. Therefore, the candidate with the index x (0 =x</} is the same as

the candidate with index x+A4. If one of the first set (i.e, the original set) of A candidates i3
indicated in the bitstream, one of the DMVR process and the BDOF process is selected and
performed. Alternatively, if one of the second set of M candidates is indicated in the
bitstream, the other one of the BDMVR process and the BDOF process is to be performed. As
an example, if one of the first set of M candidates is indicated in the bitstream, it can indicate
that the DMVR process is to be performed. Alternatively, if one of the second set of A7
candidates is indicated in the bitstream, then the BDOF process is to be performed. That way,
only one of the DMVR and the BDOF processes is applied to one block, as indicated by the
merge candidate index.

[089] In some embodiments, similar to the embodiments described above, the
number of merge candidates in the merge candidate list can be doubled. Suppose that the
original merge candidate list includes a set of M candidates with the index from 0 to A4-1. A
second set of A7 candidates, same as the original A candidates, can be inserted at the end of
the candidate list, to generate an extended merge candidate list. That is, the A candidates are
repeated in the merge candidate list. The candidate with the index x (0 = x<d4) 1s the sare as
the candidate with index x+A4. Different from the embodiments described above, the
positions of the DMVR candidates and the BDOF candidates can be adaptively changed. For
example, depending on the size and the shape of the current CU, the first set (i.e, original set)
of M candidates can be considered being processed using the DMVR process and the second
set of A candidates can be considered being processed by the BDOF process. Alternatively,
the first set of Af candidates can be considered being processed by the BDOF process and the

second set of A/ candidates can be considered being processed by the BMVR process. In
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some embodiments, the positions of the DMVR candidates and BDOF candidates may be
signaled in the bitstream, such as in the slice header, PPS, or SPS.

[090] In some embodirents, only a subset of the merge candidates are repeated in
the merge candidate list. Suppose that the original merge candidate list includes 6 merge
candidates with index from O to 5. Candidate 0, candidate 1 and candidate 5 satisfy DMVR
conditions, and candidate 1, candidate 3 and candidate S satisty BDOF conditions. As noted
above with reference to FIG. §, both the DMVR process and the BDOF process can be
applied for candidate 1 and candidate 3, as they satisty the conditions of both processes. In
some embodiments, only candidate 1 and candidate 5 are repeated in the merge candidate list
as candidates 6 and 7, respectively. To fix the length of merge candidate list, zero MVs can
be filled in until the number of candidates in the list is equal to 12. The positions of the
DMVR and the BDOF candidates may be fixed. 1f candidate 1 or candidate 5 is indicated in
the bitstream, only DMVR {(or BDOF) is applied. Alternatively, if candidate 6 or candidate 7
is indicated in the bitstream, only BDOF (or DMVR) 15 applied.

[091] In some embodiments, the position of the DMVR and the BDOF candidates
can be adaptively changed. In the above example, depending on the size and the shape of the
current CU, or based on information indicated in the bitstream, the DMVR process can be
applied for candidate 1 or candidate S, the BDOF process can be applied for candidate 6 or
candidate 7. Alternatively, the BDOF process can be applied on candidate 1 or candidate 5,
the DMVR process can be applied on candidate ¢ or candidate 7.

{092] Based on the embodiments described above, selection of the DMVR process
or the BDOF process can be implemented through explicit signaling. One advantage of
explicit signaling is that it can reduce the complexity of the DMVR and BDOF hardware

implementation. Although this could increase signaling cost, through explicit signaling, the
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encoder may select one of the DMVR process and the BDOF process by means of rate
distortion cost. That way, coding efficiency can be improved.

[093] In some embodirents of the present disclosure, implicit derivation at decoder
side regarding selection of the DMVR process and the BDOF process can be implemented.
According to some embodiments, when the conditions for applying the DMVR and the
BDOF processes are both met for the same block, one of the two processes can be disabled.
For example, when the conditions for applying both processes are met with respect to a
certain block, the BDOF process can be disabled, so the DMVR process is applied for that
block. Alternatively, when the conditions for applying both processes are met with respect to
a certain block, the DMVR process can be disabled, so the BDOF process 15 applied for that
block.

[094] In some embodiments, the DMVR or the BDOF process may be selected at the
U level at the decoder side. The selection may be based on the distortion of two reference
blocks of the current CU, the motion vectors of current CU, the size of the current CU, the
shape of the current CU, or the motion vectors and/or prediction mode of neighboring blocks
of the current CU, as further described in the following examples.

[095] In some embodiments, the selection can be based on the distortion of two
reference blocks of the current CU (e.g, two reference blocks used for bi-predicting the
current CU). When the distortion of two reference blocks is smaller than a pre-defined
threshold, a default mode is applied for the current CU, and the other mode can be disabled.
The default mode can be the DMVR process, in which case the BDOF process can be
disabled. Alternatively, the default mode can be the BDOF process, in which case the DMVR
process can be disabled.

[096] In some embodiments, the selection can be based on the motion vectors of the

current CU. When it 1s deterroined that the motion vectors of the current CU are symumetric to

o
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each other, the default mode can be applied for the current CU and the other mode can be
disabled. If the motion vectors of the current CU are not symmetric to each other, the default
mode can be disabled and the other mode can be applied. Tt 13 appreciated that the default
mode can be either the DMVR process or the BDOF process.

[697] Whether the two motion vectors are symmetric can be determined in different
manners. As an example, if the two motion vectors” magnitudes (including horizontal and
vertical components) are the same as each other, and the motion vectors” directions are
opposite 10 each other, the two motion vectors can be determined to be symmetric. As
another example, the two motion vectors can be rounded to the nearest integer, and the two
integer motion vectors can then be compared. I the magnitudes of the two integer motion
vectors are the same as each other, and the motion vectors’ directions are opposite, the two
motion vectors can be determined to be symmetric.

[098] Insome embodiments, the selection can be based on the magnitude of the
motion vector of the current CU. For example, when it is determined that the motion vector’s
magnitude is smaller than a pre-defined threshold, the default mode can be applied for the
current CU and the other mode can be disabled. Alternatively, when it is determined that the
motion vector’s magnitude 15 equal to or greater than a pre-defined threshold, the default
mode can be disabled, and the other mode can be applied. Tt 15 appreciated that the default
mode can be either the DMVR process or the BDOF process.

[099] Insome embodiments, the selection can be based on the size of the current
CU. For example, when it is determined that the size of the current CU is smaller than a pre-
defined threshold, the default mode can be applied for the current CU and the other mode can
be disabled. Alternatively, when it is determined that the size of the current CU is equal to or
greater than the pre-defined threshold, the default mode can be disabled and the other mode

can be apphied for the current CU. It is appreciated that the default mode can be the DMVR
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process or the BDOF process. Further, the size of the CU may be the width of the CU, the
height of the CU, the number of luma samples within the CU, or the width plus the height of
the CU.

(01007 In some embodiments, the selection can be based on the shape of the current
CU. Because the BDOF process can be performed at a finer granularity (4x4) than the
DMVR process {16x16), the BDOF process may be more suitable for blocks of a narrow-
and-tall or flat-and-wide shape than the DMVR process. In some embodiments, the ratio of
max{width, height} and min{(width, height) may be calculated. If the ratio is higher than a pre-
defined threshold, then the BDOF process may be applied and the DMVR process may be
disabled. Alternatively, it the ratio is equal to or lower than the pre-defived threshold, then
the DMVR process can be applied and the BDOF process can be disabled. The pre-defined
threshold may be adjustable and may vary in different implementations.

[0101] In some embodiments, the selection may be based on the motion vectors of
one or more neighboring blocks of the current CU. For example, the neighboring block may
be the block to the left and/or to the top of the current CUJ. When the motion vector of the
neighboring block is determined to be similar or substantially similar to the current CU, the
default mode can be applied for the current CU and the other mode can be disabled.
Alternatively, if the motion vector of the neighboring block 15 determined to be not
substantially similar to the current CU, the default mode can be disabled and the other mode
can be applied for the current CU. Whether the motion vector of the neighboring block is
simntlar to that of the current CU can be determined based on a difference in magnitudes
and/or directions between the two motion vectors. The difference can be further compared to
a pre-defined threshold. For example, the default mode can be selected if the difference is
greater than the pre-defined threshold. It is appreciated that the default mode can be the

DMVR process or the BDOF process.
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[0102] In some embodiments, the DMVR and the BDOF processes may be selected
based on the signal statistics. The signal statistics may be the statistics associated with all
previousty decoded blocks in the current picture/frame, the statistics assoctated with
previously decoded CTU(s), the statistics of collocated CTU(s) in a reference picture, or the
statistics of the CTU(s) to the left and/or above. For example, if the default mode is selected
for most of previously decoded blocks, the default mode can be selected to be performed for
the current block. It 1s appreciated that the default mode can be the DMVR process or the
BDOF process.

[0103] In some embodiments, selection of the DMVR and the BDOF processes may
be inferred from the neighboring blocks. For example, if the default mode is applied to both
of the left and top neighboring blocks, the default mode can be selected for the current block.
It is appreciated that the default mode can be the DM VR process or the BDOF process. In
some embodiments, the default mode may be signaled at the SPS level, the PPS level, the tile
group level, or the CTU level.

[0104] In some embodiments, the current CU can be split into a plurality of sub-
blocks. Selection of the DMVR and the BDOF processes can be performed at the sub-block
level for each sub-block. The selection methods described above at the CU level may be
applied for selection at the sub-block level, the details of which are not repeated herein. Ags an
example, a CU can be split into 16x16 sub-blocks. For each sub-block, one of the DMVR and
the BDOF processes can be selected based on the distortion of the corresponding two
reterence sub-blocks. The other selection methods described above can be similarly applied.

[0105] One advantage of implicitly selecting one of the DMVR and the BDOF
process at the decoder side is that there is no signaling overhead, which may improve the
coding efficiency. In some embodiments, a combination of explicit signaling and 1mplicit

derivation at the decoder side can be implemented.
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[0106] In some embodiments, a flag may be signaled for a block of a size larger than
or equal to a pre-defined threshold. The flag can be used to indicate which one of the DMVR
and the BDOF processes is performed. For a block of a size smaller than the pre-defined
threshold, one of the DMVR and the BBOF processes can be implicitly selected at the
decoder side using the methods described above.

[0107] In some embodiments, when the number of luma sample within a block is
farger than or equal to a pre-defined threshold, a CU level flag can be signaled, as shown in
table 1300 illustrated in FIG. 13 (see syntax element 1310). When the number of luma
sample within a block is smaller than the pre-defined threshold, in some embodiments, only
the BDOF process is performed for the block if the conditions for the DMVR and the BDOF
processes are both satistfied.

[010¥] In some embodiments, when the number of luma sample within a block 1s
targer than or equal to a pre-defined threshold, a CU level flag can be signaled. When the
number of luma sample within a block is smaller than the pre-defined threshold, the selection
of the BDOF and the DMVR processes can be inferred from the neighboring blocks using
one of the methods described above. For example, if the neighboring block(s) is intra-coded,
the BDOF process can be applied as a default mode.

[0109] In some embodiments, the block shape may be further used in combination
with the block size in the selection of the DMVR and the BDOF processes. For blocks that
are large enough, a CU level flag can be signaled. Whether the size of a block s large encugh
can be determined based on, for example, the number of luma samples in the block. i the
block is not large enough (e.g., the number of luma samples in the block is below a pre-
defined threshold), the selection of the BDOF process and the DMVR process can be inferred
from the block shape. For example, if the block is narrow-and-tall or wide-and-flat, then the

BDOF process can be applied; otherwise, the DMVR process can be applied.
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[0110] In some embodiments, the pre-defined thresholds regarding the size or ratic in
the method embodiments described above may be signaled at ditferent levels, for example,
the CTU level, tile level, or SPS level In some embodiments, the pre-defined thresholds can
be defined based on the sequence resolution.

[0111] As noted above, in the coding process, a CU can be further partitioned into
smaller units using different partition modes. In some embodiments of the present disclosure,
triangle partition mode may be applied in the inter prediction process. For example, the
triangle partition mode can be applied to CUs that are 8x8 or larger and are coded using skip
or merge mode. For a CU satisfving these conditions, a CU-level flag can be signaled to
indicate whether the triangle partition mode 18 applied ot not.

[0112] When the triangle partition mode is applied, a CU is split evenly into two
triangle-shaped partitions, using either the diagonal split or the anti-diagonal split. As shown
in FEG. 14, using the triangle partition mode, a CU can be sphit into partitions 1401 and 1402,
or partitions 1403 and 1404 Each triangle partition 1o the CU can be inter predicted using its
own motion vector. Further, consistent with some embodiments of the present disclosure,
only uni-prediction can be applied for each partition. That is, each partition has one motion
vector and one reference index. With the uni-prediction motion constraint, it can be ensured
that only two motion compensated predictions are needed tor each CU, similar to
conventional bi-prediction.

[0113] If a current CU 1s coded using the triangle partition mode, a CU-level flag can
be signaled to indicate the triangle partition mode 1s used. In some embodiments, if the
triangle partiion mode 15 used, then a flag indicating the direction of the triangle partition
(diagonal or anti-diagonal}, and two merge indices {one for each partition} can be further
signaled. After predicting each of the triangle partitions, the sample values along the diagonal

or anti-diagonal edge can be adjusted using a blending processing with adaptive weights. The
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prediction signal for the whole CU can be obtained. Transform and quantization process can
be applied to the whole CU as in other prediction modes. Further, the motion field of a CU
predicted using the triangle partition mode can be stored in 4x4 units.

[0114] In some embodiments, sub-block transform can be applied for inter predicted
block. In sub-block transform, a residual block can be split into two residual sub-blocks, as
shown in FIG. 18, One of the two residual sub-blocks can be coded. For the other residual
sub-block, the residue can be set equal to 0. For an inter prediction block with residue, a CU
jevel flag can be signaled to indicate whether sub-block transform is applied or not. If the
sub-block transform mode is used, parameters can be signaled to indicate that the residual
block 1s symmetrically or asymmetrically split into two sub-blocks in either horizontal or
vertical direction.

[0115] Problems exist with the application of the triangle prediction and sub-block
transform. For example, the sub-block transform mode may be applied to triangle partition
inter block. An illustration of combining the triangle partition and sub-block transtorm mode
is shown in FIG. 16, where a residual sub-block only contains parts of residue from two
triangles. This may affect quality of the coding process.

[0116] To address the above problem, consistent with some embodiments of the
present disclosure, the sub-block transform mode can be disabled when the triangle partition
mode s used. Alternatively, when the sub-block transform mode ts used, the triangle partition
mode can be disabled. As an exemplary implementation, as shown table 1700 in FIG, 17, the
sub-block transform flag cu_sbt flag (see syntax element 1710 in FIG. 17) may not be
signaled when the triangle partition mode is used.

[0117] FIG. 18 1s a block diagram of an exemplary video processing apparatus 1800,
consistent with some embodiments of the present disclosure. For example, apparatus 1800

may embody a video encoder (e.g., video encoder 200 in FEG. 2) or video decoder (e.g.,
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video decoder 300 in FIG, 3) described above. Apparatus 1800 may be configured to perform
the method embodiments described above. For example, apparatus 1800 may be configured
to perform procedures described above for selecting one of the DMVR aund the BDOF
processes through explicitly signaling associated information in the bitstream, or through
implicit derivation at the decoder side.

[011¥] Referring to FIG. 18, apparatus 1800 may include a processing component
1810, a memory 1820, and an input/output (I/0) iuterface 1830. Apparatus 1800 may also
include one or more of a power component and a multimedia component (not shown}, or any
other suitable hardware or software components.

[0119] Processing component 1810 may countrol overall operations of apparatus 1800,
For example, processing component 1810 may include one or more processors that execute
instructions to perform the above-described methods for selecting one of the DMVR and the
BDOF processes. Moreover, processing component 1810 may include one or more modules
that facilitate the interaction between processing component 1810 and other coraponents. For
instance, processing component 1810 may include an VO module to facilitate the interaction
between the VO interface and processing component 1810,

[0120] Memory 1820 can be configured to store various types of data or instructions
to support the operation of apparatus 1800, Memory 1820 may include a non-transitory
computer-readable storage medium including instructions for applications or methods
operated on apparatus 1800, executable by the one or more processors of apparatus 1800,
Common forms of non-transitory media include, for example, a floppy disk, a flexible disk,
hard disk, solid state drive, magnetic tape, or any other magnetic data storage medium, a CD-
ROM, any other optical data storage medium, any physical medium with patterns of holes, a

RAM, a PROM, and EPROM, cloud storage, a FLASH-EPROM or any other flash memory,
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NVRAM, a cache, a register, any other memory chip or cartridge, and networked versions of
the same.

[0121] VO interface 1830 provides an interface between processing component 1810
and peripheral interface moduies, such as a camera or a display. VO interface 1830 may
employ communication protocols/methods such as audio, analog, digital, serial bus, universal
serial bus (USB), infrared, PS/2, BNC, coaxaal, RF antennas, Bluetooth, etc. VO interface
1830 may also be configured to facilitate communication, wired or wirelessly, between
apparatus 1800 and other devices, such as devices connected to the Internet. Apparatus can
access a wireless network based on one or more communication standards, such as WiFi,
LTE, 26, 3G, 4G, 53¢, etc.

01221 In some embodiments, a non-transitory computer-readable storage medium
including instructions 1s also provided, and the instructions may be executed by a device
{(such as the disclosed encoder and decoder), tor performing the above-described methods.
Common forms of non-transitory media inchude, for exarple, a floppy disk, a flexible disk,
hard disk, solid state drive, magnetic tape, or any other magnetic data storage medium, a CD-
ROM, any other optical data storage medium, any physical medium with patterns of holes, a
RAM, a PROM, and EPROM, a FLASH-EPROM or any other flash memory, NVRAM, a
cache, a register, any other memory chip or cartridge, and networked versions of the same.
The device may include one or more processors (CPUs), an input/output interface, a network
interface, and/or a memory.

{0123} It should be noted that, the relational terms herein such as “first” and “second”
are used ouly to differentiate an entity or operation from another entity or operation, and do
not require or imply any actual relationship or sequence between these entities or operations.
Moreover, the words “comprising,” “having,” “containing,” and “including,” and other

similar forms are intended to be equivalent in meaning and be open ended 1n that an ttem or
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items following any one of these words is not meant to be an exhaustive listing of such item
or items, or meant to be limited to only the listed item or items.

[0124] As used herein, unless specifically stated otherwise, the term “or”
encompasses all possible combinations, except where infeasible. For example, if it ts stated
that a component may include A or B, then, unless specifically stated otherwise or infeasible,
the component may include A, or B, or A and B. As a second example, if it is stated that a
component may include A, B, or C, then, unless specifically stated otherwise or infeasible,
the component may include A, or B, or C,orAand B,orAand C,or Band C, or A and B
and C.

[0125] It 1s appreciated that the above described embodiments can be implemented by
hardware, or software (program codes), or a combination of hardware and software. If
implemented by software, it may be stored in the above-described computer-readable media.
The software, when executed by the processor can perform the disclosed methods. The
computing units and other functional units described in the present disclosure can be
implemented by hardware, or software, or a combination of hardware and software. Oune of
ordinary skill in the art will also understand that muitiple ones of the above described
modules/units may be combined as one module/unit, and each of the above described
modules/units may be further divided into a plurality of sub-modules/sub-units.

[0126] Some embodiments of the present disclosure may further be described using
the following clauses:

I. A method implemented by a decoder of video data, the method comprising:
selecting one of a decoder side motion vector refinement (DMVR) process and a
bi-directional optical flow (BDOF) process, based on a video bitstream; and

inter predicting an image block based on the selected process.
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2. The method according to clause 1, wherein selecting the one of the DMVR
process and the BDOF process comprises:

selecting the one of the DMVR process and the BDOF process based on one or more
flags signaled in the video bitstream.

3. The method according to clause 2, wherein the one or more flags inchude a flag
signaled at a coding tree unit (CTU) level for a CTU including the image block, and the
method further comprises:

in response to the flag having a first value, selecting the BMVR process; or
in response to the flag having a second value, selecting the BDOF process.

4. The method according to clause 2, wherein the one or more flags include a flag is
signaled at a coding unit (CU} level for the image block, and the method further comprises:

in response to the flag having a first value, selecting the DMVR process; or

in response to the flag having a second value, selecting the BDOF process.

S. The method according to clause 4, further comprising:

decoding the flag using context-adaptive binary arithmetic coding (CABAC).

6. The method according to clause 2, wherein the one or more flags include a first
flag signaled at the CTU level for a CTU including the image block, and the method further
comprises:

determining whether the video bitstream includes a second tlag signaled at the CU
tevel for the image block, based on a value of the first flag;

in response to the video bitstream including the second flag, selecting the one of the
DMVR process and the BDOF process based on a value of the second flag; and

in response to the video bitstream not including the second flag, selecting the one of

the DMVR process and the BDOF process based on a default rule.
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7. The method according to clause 1, wherein selecting the one of the DMVR
process and the BDOF process comprises:

selecting the one of the DMVR process and the BDOF process based on a merge
candidate index signaled in the video bitstream, the merge candidate index pointing to a
merge candidate in a merge candidate list.

8. The method according to clause 7, wherein:

the merge candidate list is an extended merge candidate list that comprises a first
merge candidate and a second merge candidate, the first merge candidate being same as the
second merge candidate and having a smaller merge candidate index than the second merge
candidate; and

the selecting the one of the BDMVR process and the BDOF process comprises:

selecting the one of the DMVR process and the BDOF process based on

whether the merge candidate index signaled in the video bitstream corresponds to the first or
the second merge candidate.

9. The method according to clause 8, further comprising:

determining whether the first merge candidate corresponds to the DMVR process
and the BDOF process, based on at least one of a shape or a size of the image block.

10. The method according to clause 1, wherein the selecting the one of the DMVR
process and the BDOF process comprises:

selecting the one of the DMVR process and the BDOF process based on at least one
of the following: a distortion of two reference blocks of the image block, a motion vector of
the image block, a size of the image block, a shape of the image block, a motion vector
associated with a neighboring block of the image block, or signal statistics.

11, The method according to clause 10, wherein the selecting the one of the DMVR.

process and the BDOF process further comprises:
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determining whether the distortion of the two reference blocks of the image block is
smaller than a pre-defined threshold; and

in response to the distortion of the two reference blocks being smaller than the pre-
defined threshold, selecting the one of the DMVR process and the BDOF process.

12. The method according to clause 10, wherein the selecting the one of the DMVR
process and the BDOF process further comprises:

determining whether two motion vectors for bi~predicting the image block are
symmetric; and

in response to the two motion vectors being symmetric, selecting the one of the
DMVR process and the BDOF process.

13. The method according to clause 10, wherein the selecting the one of the DMVR
process and the BDOF process further comprises:

determining whether a magnitude of the motion vector of the image block is smaller
than a pre-defined threshold; and

in response to the magnitude of the motion vector being smaller than the pre-defined
threshold, selecting the one of the DMVR process and the BDOF process.

14. The method according to clause 10, wherein the selecting the one of the DMVR
process and the BDOF process further comprises:

determining whether the size of the image block is smaller than a pre-defined
threshold; and

in response to the size of the image block being smaller than the pre-defined
threshold, selecting the one of the DMVR process and the BDOF process.

15. The method according to clause 10, wherein the selecting the one of the DMVR

process and the BDOF process further comprises:
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determining a ratio of max(width, height) and min(width, height) associated with the
image block; and

in response to the ratio being higher than a pre-defined threshold, selecting the
BDOF process.

16. The method according to clause 10, wherein the selecting the one of the DMVR
process and the BDOF process further comprises:

determining whether the motion vector of the neighboring block is substantially
similar to a motion vector of the image block; and

in response to the motion vector of the neighboring block being substantially similar
to the motion vector of the image block, selecting the one of the DMVR process and the
BDOF process.

17. The method according to clause 10, wherein the signal statistics includes at least
one of the following:

statistics associated with a previously decoded block in a frame;

statistics associated with a previously decoded CTU;

statistics associated with a collocated CTU in a reference frame; or

statistics associated with a neighboring CTU.

18. The method according to clause 10, wherein the selecting the one of the DMVR
process and the BDOF process further comprises:

determining a process applied for the neighboring block, the process being the
BDOF process or the DMVR process; and

selecting the process applied for the neighboring block as the process to be applied
for the image block.

19. The method according to any of clauses 1-18, wherein the selecting the one of

the DMVR process and the BDOF process comprises:
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splitting the image block into a plurality of sub-blocks; and

selecting one of the DMVR process and the BDOF process for each of the plurality
of sub-blocks.

20. The method according to clause 1, wherein the selecting the one of the DMVR
process and the BDOF process further comprises:

determining whether a size of the image block is larger than or equal to a pre-
defined threshold; and

in response to the size of the unage block being determined to be larger than or
equal to the pre-defined threshold, selecting the one of the DMVR process and the BDOF
process for the image block based on a flag signaled at a CU level for the image block.

21. The method according to clause 20, further comprising:

in response to the size of the image block being determined to be smaller than the
pre-defined threshold, selecting the BDOF process for the image block.

22. The method according to clause 20, further comprising:

in response to the size of the image block being determined to be smaller than the
pre-defined threshold, selecting the one of the DMVR process and the BDOF process for the
image block based on a shape of the image block.

23. The method according to any of clauses 20-22, wherein the size of the image
block ts determined based a number of luma samples within the image block.

24. The method according to any of clauses 20-22, wherein the pre-defined
threshold is determined based on:

information signaled at at least one of: the CTU level, & tile level, or a sequence
parameter set (SPS) level; or

information associated with sequence resolution.

25. A method for processing video data, comprising;
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determining whether a triangle partition mode is applied to inter prediction of an
image block; and

in response to the triangle partition mode being determined to be applied to the inter
prediction of the image block, disabling a sub-block transform mode with respect to the
image block.

26. A video processing apparatus, comprising:

a memory storing instructions; and

a processor configured to execute the instructions to cause the device to:

select one of a DMVR process and a BDOF process, based on a video
bitstream; and
inter predict an image block based on the selected process.

27. The apparatus according to clause 26, wherein the processor is further
configured to execute the instructions to:

select the one of the DMVR process and the BDOF process based on one or more
flags signaled in the video bitstream.

28. The apparatus according to clause 27, wherein the one or more flags include a
flag signaled at a CTU level for a CTU including the image block, and the processor is
further configured to execute the instructions to cause the device to:

in response to the flag baving a first value, select the BMVR process; or

in response to the flag having a second value, select the BDOF process.

29. The apparatus according to clause 27, wherein the one or more flags include a
flag signaled at a CU level for the image block, and the processor is further configured to
execute the instructions to cause the device to:

in response to the flag having a first value, select the DMVR process; or

in response to the flag having a second value, select the BDOF process.
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30. The apparatus according to clause 29, wherein the processor is further
configured to execute the instructions to cause the device to:

decode the flag using CABAC coding.

31. The apparatus according to clause 27, wherein the one or more flags include a
first tlag signaled at the CTU level for a CTU including the image block, and the processor is
further configured to execute the instructions to cause the device to:

determine whether the video bitstream includes a second flag signaled at the CU
jevel for the image block, based on a value of the first flag; and

perform operations comprising:

in response to the video bitstream including the second flag, selecting the one
of the DMVR process and the BDOF process based on a value of the second flag, or

in response to the video bitstream not including the second flag, selecting the
one of the DMVR process and the BDOF process based on a default rule.

32. The apparatus according to clause 26, wherein the processor 1s further
configured to execute the tnstructions to:

select the one of the DMVR process and the BDOF process based on a merge
candidate index in the video bitstream, the merge candidate index pointing to a merge
candidate in a merge candidate list.

33. The apparatus according to clause 32, wherein:

the merge candidate list is an extended merge candidate list that comprises a first
merge candidate and a second merge candidate, the first merge candidate being same as the
second merge candidate and having a smaller merge candidate index than the second merge
candidate; and

the processor 1s further configured to execute the instructions to:
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select the one of the DMVR process and the BDOF process based on whether

the merge candidate index signaled in the video bitstream corresponds to the first or the
second merge candidate.

34. The apparatus according to clause 33, wherein the processor is further
configured to execute the instructions to:

determine whether the first merge candidate corresponds to the DMVR process and
the BDOF process, based on at least one of a shape or a size of the image block.

35. The apparatus according to clause 26, wherein the processor is further
configured to execute the instructions to:

select the ove of the DMVR process and the BDOF process based on at least one of
the following: a distortion of two reference blocks of the image block, a motion vector of the
image block, a size of the image block, a shape of the image block, a motion vector
associated with a neighboring block of the image block, or signal statistics.

36. The apparatus according to clause 35, wherein the processor 1s further
configured to execute the tnstructions to:

determine whether the distortion of the two reference blocks of the image block is
smaller than a pre-defined threshold; and

if the distortion of the two reference blocks 15 smaller than the pre-defined threshold,
select the one of the DMVR process and the BDOF process.

37. The apparatus according to clause 35, wherein the processor is further
configured to execute the instructions to:

determine whether two motion vectors for bi-predicting the image block are
symmetric; and

if the two motion vectors are symmetric, select the one of the DMVR process and

the BDOF process.
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38. The apparatus according to clause 35, wherein the processor is further
configured to execute the instructions to:

determine whether a magnitude of the motion vector of the image block 13 smaller
than a pre-defined threshold; and

if the magnitude of the motion vector is smaller than the pre-defined threshold,
select the one of the DMVR process and the BDOF process.

39. The apparatus according to clause 35, wherein the processor 1s further
configured to execute the instructions to:

determine whether the size of the image block 1s smaller than a pre-defined
threshold; and

if the size of the umage block is smaller than the pre-defined threshold, select the one
of the DMVR process and the BDOF process.

40. The apparatus according to clause 35, wherein the processor is further
configured to execute the instructions to:

determine a ratio of max(width, height) and min(width, height) associated with the
image block; and

it the ratio is higher than a pre-defined threshold, select the BDOF process.

41. The apparatus according to clause 35, wherein the processor 13 further
configured to execute the instructions to:

determine whether the motion vector of the neighboring block is substantially
simnilar to a motion vector of the image block; and

if the motion vector of the neighboring block 1s substantially similar to the motion
vector of the image block, select the one of the DMVR process and the BDOF process.

42. The apparatus according to clause 35, wherein the signal statistics includes at

least one of the following:
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statistics associated with a previously decoded image block in a frame;

statistics associated with a previously decoded CTU;

statistics associated with a collocated CTU in a reference frame; or

statistics associated with a neighboring CTU.

43. The apparatus according to clause 35, wherein the processor is further
configured to execute the instructions to:

determine a process applied for the neighboring block, the process being the BDOF
process ot the BDMVR process; and

select the process applied for the neighboring block as the process to be applied for
the image block.

44, The apparatus according to any of clauses 26-43, wherein the processor ts
further configured to execute the instructions to:

split the image block into a plurality of sub-blocks; and

select one of the DMVR process and the BDOF process for each of the plurality of
sub-blocks.

45. The apparatus according to clause 26, wherein the processor is further
configured to execute the instructions to:

determine whether a size of the image block is larger than or equal to a pre~defined
threshold; and

if the size of the image block is determined to be larger than or equal to the pre-
defined threshold, select the one of the DMVR process and the BDOF process for the image
block based ou a flag signaled at a CU level for the image block.

46. The apparatus according to clause 45, wherein the processor is further

configured to execute the instructions to:
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if the size of the image block is determined to be smaller than the pre-defined
threshold, select the BDOF process for the image block.

47. The apparatus according to clause 45, wherein the processor is further
configured to execute the tnstructions to:

if the size of the image block is determined to be smaller than the pre-defined
threshold, select the one of the DMVR process and the BDOF process for the image block
based on a shape of the image block.

48. The apparatus according to any of clauses 45-47, wherein the size of the image
block is determined based a number of luma samples within the image block.

49. The apparatus according to any of clauses 45-47, wherein the pre-defined
threshold is determined based on:

information signaled at at least one of: the CTU level, a tile level, or an SPS level, or

information associated with sequence resolution.

S0. A video processing apparatus, comprising:

a memory storing instructions; and

a processor configured to execute the instructions to cause the device to:

determine whether a triangle partition mode 15 applied to inter prediction of to

an image block; and

if the triangle partition mode 1s determined to be applied to the inter prediction
of the image block, disable a sub-block transform mode with respect to the image

block.

51. A non-transitory computer-readable medium storing a set of instructions that is
executable by one or more processors of a video processing device to cause the device to
perform a method comprising:

selecting one of a DMVR process and a BDOF process, based on a video bitstream;

and
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inter predicting an image block based on the selected process.

52. The non-transitory computer-readable medium according to clause 51, wherein
selecting the one of the DMVR process and the BDOF process comprises:

selecting the one of the DMVR process and the BDOF process based on ong or more
flags signaled in the video bitstream.

53. The non-transitory computer-readable medium according to clause 52, wherein
the one of more flags include a flag signaled at a CTU level for a CTU wncluding the troage
block, and the method further comprises:

in response to the flag having a first value, selecting the DM VR process; or

in response to the flag having a second value, selecting the BDOF process.

54. The non-transitory computer-readable medium according to clause 52, wherein
the one or more flags include a flag signaled at a CU level for the image block, and the
method further comprises:

in response to the flag having a first value, selecting the DMVR process; or

in response to the flag having a second value, selecting the BDOF process.

55. The non-transitory computer-readable medium according to clause 54, wherein
the method further comprises:

decoding the flag using CABAC coding.

56. The non-transitory computer-readable medium according to clause 52, wherein
the one or more flags include a first flag signaled at the CTU level for a CTU including the
image block, and the method further comprises:

determining whether the video bitstream includes a second flag signaled at the CU
level for the image block, based on a value of the first flag;

in response to the video bitstream including the second flag, selecting the one of the

DMVR process and the BDOF process based on a value of the second flag; and
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in response to the video bitstream not including the second tlag, selecting the one of
the DM VR process and the BDOF process based on a default rule.

S7. The non-transitory computer-readable medium according to clause 51, wherein
selecting the one of the DMVR process and the BDOF process comprises:

selecting the one of the DM VR process and the BDOF process based on a merge
candidate index signaled in the video bitstream, the merge candidate index pointing to a
merge candidate in a merge candidate list.

58. The non-transitory computer-readable medium according to clause 57, wherein:

the merge candidate list 1s an extended merge candidate list that comprises a first
merge candidate and a second merge candidate, the first merge candidate being same as the
second merge candidate and having a smaller merge candidate index than the second merge
candidate; and

the set of instructions is executable by the one or more processors of the device to
cause the device to further perform:

selecting the one of the DM VR process and the BDOF process based on
whether the merge candidate index signaled in the video bitstream corresponds to the first or
the second merge candidate.

59. The non-transitory computer-readable medium according to clause 58, wherein
the set of instructions is executable by the one or more processors of the device to cause the
device to further perform:

determining whether the first merge candidate corresponds to the DMVR process

and the BDOF process, based on at least one of a shape or a size of the image block.
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60. The non-transitory computer-readable medium according to clause 51, wherein
the selecting the one of the DMVR process and the BDOF process comprises:

selecting the one of the DMVR process and the BDOF process based on at least one
of the following: a distortion of two reference blocks of the image block, a motion vector of
the image block, a size of the image block, a shape of the image block, a motion vector
associated with a neighboring block of the image block, or signal statistics.

61. The non~transitory computer-readable medium according to clause 60, wherein
the selecting the one of the DMVR process and the BBOF process further comprises:

determining whether the distortion of the two reference blocks of the image block 1s
smaller than a pre-defined threshold; and

in response to the distortion of the two reference blocks of the image block being
smaller than the pre-defined threshold, selecting the one of the DM VR process and the BDOF
Process.

62. The non-transitory computer-readable medium according to clause 60, wherein
the selecting the one of the DM VR process and the BDOF process further comprises:

determining whether two motion vectors for bi-predicting the image block are
symmetric; and

in response to the two motion vectors being symmetric, selecting the one of the
DMVR process and the BDOF process.

63. The non-transitory computer-readable medium according to clause 60, wherein
the selecting the one of the DMVR process and the BDOF process further comprises:

determining whether a magoitude of the motion vector of the image block is smaller
than a pre-defined threshold; and

in response to the magnitude of the motion vector being smaller than the pre-defined

threshold, selecting the one of the DMVR process and the BDOF process.
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64. The non-transitory computer-readable medium according to clause 60, wherein
the selecting the one of the DMVR process and the BDOF process further comprises:

determining whether the size of the image block 15 smaller than a pre-defined
threshold; and

in response to the size of the image block being smaller than the pre-defined
threshold, selecting the one of the DMVR process and the BDOF process.

65. The non-transitory computer-readable medium according to clause 60, wherein
the selecting the one of the DMVR process and the BBOF process further comprises:

determining a ratio of max{width, height) and min{width, height) associated with the
image block; and

in response to the ratio being higher than a pre-defined threshold, selecting the
BDOF process.

66. The non-transitory computer-readable medium according to clause 60, wherein
the selecting the one of the DMVR process and the BDOF process further comprises:

determining whether the motion vector of the neighboring block ts substantially
similar to a motion vector of the image block; and

in response to the motion vector of the neighboring block being substantially similar
to the motion vector of the image block, selecting the one of the DMVR process and the
BDOF process.

67. The non-transitory computer-readable medium according to clause 60, wherein
the signal statistics includes at least one of the following:

statistics associated with a previously decoded block in a frame;

statistics associated with a previously decoded CTU;

statistics associated with a collocated CTU in a reference frame; and

statistics associated with a neighboring CTU.
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68. The non-transitory computer-readable medium according to clause 60, wherein
the selecting the one of the DMVR process and the BDOF process further comprises:

determining a process applied for the neighboring block, the process being the
BBOF process or the DMVR process; and

selecting the process applied for the neighboring block as the process to be applied
for the image block.

69. The non-transitory computer-readable medium according to any of clauses S1-
68, wherein the selecting the one of the BMVR process and the BBOF process comprises:

splitting the image block into a plurality of sub-blocks; and

selecting one of the DMVR process and the BDOF process for each of the plurality
of sub-blocks.

70. The non-transitory computer-readable medium according to clause 51, wherein
the selecting the one of the DMVR process and the BDOF process further comprises:

determining whether a size of the image block 1s larger than or equal to a pre-
defined threshold; and

in response to the size of the image block being determined to be larger than or
equal to the pre-defined threshold, selecting the one of the DMVR process and the BDOF
process for the image block based on a flag signaled at a CU level for the image block.

71. The non-transitory computer-readable medium according to clause 70, wherein
the set of instructions is executable by the one or more processors of the device to cause the
device to further perform:

in response to the size of the image block being determined to be smaller than the

pre-defined threshold, selecting the BDOF process for the image block.
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72. The non-transitory computer-readable medium according to clause 70, wherein
the set of instructions is executable by the one or more processors of the device to cause the
device to further performu

in response to the size of the image block being determined to be smaller than the
pre-defined threshold, selecting the one of the DMVR process and the BDOF process for the
image block based on a shape of the image block.

73. The non~transitory computer-readable medium according to any of clauses 70-
72, wherein the size of the image block is determined based a number of fuma samples within

the image block.

74. The non-transitory computer-readable medium according to any of clauses 70-
72, wherein the pre-defined threshold is determined based on:
information signaled at at least one of: the CTU level, a tile level, or an 8PS level; or
information associated with sequence resolution.

75. A von-transitory computer-readable medium storing a set of instructions that is
executable by one or more processors of a video processing device to cause the device to
perform a method comprising:

determining whether a triangle partition mode is applied to inter prediction of an
image block; and
in response to the triangle partition mode being determined to be applied to the inter
prediction of the image block, disabling a sub-block transtform mode with respect to the
image block.
[0127] In the foregoing specification, embodiments have been described with
reference to numerous specific details that can vary from implementation to implementation.

Certain adaptations and modifications of the described erabodiments can be made. Other
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embodiments can be apparent to those skilled in the art from consideration of the
specification and practice of the invention disclosed herein. | 1s intended that the
specification and examples be considered as exemplary only, with a true scope and spirit of
the invention being indicated by the following claims. It is also intended that the sequence of
steps shown in figures are only for illustrative purposes and are not intended to be limited to
any particular sequence of steps. As such, those skilled in the art can appreciate that these
steps can be performed in a different order while implementing the same method.

[0128] It is appreciated that the present invention is not limited to the exact
construction that has been described above and illustrated in the accompanying drawings.
Various modifications and changes can be made without departing from the scope thereof. It

is intended that the scope of the invention should only be limited by the appended claims.
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WHAT IS CLAIMED IS:

1. A method implemented by a decoder of video data, the method comprising:
selecting one of a decoder side motion vector refinement (DMVR) process and a
bi-directional optical tflow (BDOF) process, based on a video bitstream; and

inter predicting an image block based on the selected process.

2. The method according to claim 1, wherein selecting the one of the DMVR
process and the BDOF process comprises:
selecting the one of the DMVR process and the BDOF process based on one or more

flags signaled in the video bitstream.

3. The method according to claim 2, wherein the one or more flags include a flag
signaled at a coding tree unit (CTU) level for a CTU including the image block, and the
method further comprises:

in response to the flag having a first value, selecting the DMVR process; or

in response to the flag having a second value, selecting the BDOF process.

4. The method according to claim 2, wherein the one or more flags include a flag is
signaled at a coding unit {CU) level for the image block, and the method further comprises:
in response to the flag having a first value, selecting the DMVR process; or

in response to the flag having a second value, selecting the BDOF process.

5. The method according to claim 4, further comprising:

decoding the flag using context-adaptive binary arithmetic coding (CABAC).
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6. The method according to claim 2, wherein the one or more flags include a first
flag signaled at the CTU level for a CTU including the image block, and the method further
comprises:

determining whether the video bitstream includes a second flag signaled at the CU
tevel for the image block, based on a value of the first flag;

in response to the video bitstream including the second flag, selecting the one of the
DMVYR process and the BDOF process based on a value of the second flag; and

in response to the video bitstream not including the second flag, selecting the one of

the DMVR process and the BDOF process based on a default rule.

7. The method according to claim 1, wherein selecting the one of the DMVR
process and the BDOF process comprises:

selecting the one of the DMVR process and the BDOF process based on a merge
candidate index signaled in the video bitstream, the merge candidate index pointing to a

merge candidate in a merge candidate list.

8. The roethod according to claim 7, wherein:

the merge candidate list is an extended merge candidate list that comprises a first
merge candidate and a second merge candidate, the first merge candidate being same as the
second merge candidate and having a smaller merge candidate index than the second merge
candidate; and

the selecting the one of the DMVR process and the BDOF process comprises:
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selecting the one of the DMVR process and the BDOF process based on
whether the merge candidate index signaled in the video bitstream corresponds to the first or

the second merge candidate.

9. The method according to claim 8, further comprising:
determining whether the first merge candidate corresponds to the DMVR process

and the BDOF process, based on at least one of a shape or a size of the image block

10. The method according to claim 1, wherein the selecting the one of the DMVR
process and the BDOF process comprises:

selecting the one of the DMVR process and the BDOF process based on at least one
of the following: a distortion of two reference blocks of the image block, a motion vector of
the image block, a size of the image block, a shape of the image block, a motion vector

associated with a neighboring block of the image block, or signal statistics.

11. The method according to claim 10, wherein the selecting the one of the DMVR
process and the BDOF process further comprises:

determining whether the distortion of the two reference blocks of the tmage block is
smaller than a pre-defined threshold; and

in response to the distortion of the two reference blocks being smaller than the pre-

defined threshold, selecting the one of the DMVR process and the BDOF process.

12. The method according to claim 10, wherein the selecting the one of the DMVR.

process and the BDOF process further comprises:
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determining whether two motion vectors for bi-predicting the image block are
symmetric; and
in response to the two motion vectors being symmetric, selecting the one of the

DMVR process and the BDOF process.

13. The method according to claim 10, wherein the selecting the one of the DMVR
process and the BDOF process further comprises:

determining whether a magnitude of the motion vector of the image block is smaller
than a pre-defined threshold; and

in response to the magnitude of the motion vector being smaller than the pre-defined

threshold, selecting the one of the DMVR process and the BDOF process.

14. The method according to claim 10, wherein the selecting the one of the DMVR.
process and the BDOF process further comprises:

determining whether the size of the image block is smaller than a pre-defined
threshold: and

in response to the size of the image block being smaller than the pre-defined

threshold, selecting the one of the DMVR process and the BDOF process.

15. The method according to claim 10, wherein the selecting the one of the DMVR
process and the BDOF process further comprises:

determining a ratio of max{width, height) and min{width, height) associated with the
image block; and

in response to the ratio being higher than a pre-detined threshold, selecting the

BDOF process.
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16. The method according to claim 10, wherein the selecting the one of the DMVR.
process and the BDOF process further comprises:

determining whether the motion vector of the neighboring block ts substantially
similar to a motion vector of the image block; and

in response to the motion vector of the neighboring block being substantially similar
to the motion vector of the image block, selecting the one of the DMVR process and the

BDOF process.

17. The method according to claim 10, wherein the signal statistics includes at least
one of the following:

statistics associated with a previously decoded block in a frame;

statistics associated with a previously decoded CTU;

statistics associated with a collocated CTU in a reference frame; or

statistics associated with a neighboring CTU.

18. The method according to claim 10, wherein the selecting the one of the DMVR
process and the BDOF process further comprises:

determining a process applied for the neighboring block, the process being the
BDOF process or the DMVR process; and

selecting the process applied for the neighboring block as the process to be applied

for the image block.

19. The method according to claim 1, wherein the selecting the one of the DMVR

process and the BDOF process comprises:
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splitting the image block into a plurality of sub-blocks; and
selecting one of the DMVR process and the BDOF process for each of the plurality

of sub-blocks.

20. The method according to claim 1, wherein the selecting the one of the DMVR
process and the BDOF process further comprises:

determining whether a size of the image block 1s larger than or equal to a pre-
defined threshold; and

in response to the size of the image block being determined to be larger than or
equal to the pre-defined threshold, selecting the one of the DMVR process and the BDOF

process for the image block based on a flag signaled at a CU level for the image block.

21. The method according to claim 20, further comprising:
in response to the size of the image block being determined to be smaller than the

pre-defined threshold, selecting the BDOF process for the image block.

22. The method according to claim 20, further comprising:
in response to the size of the image block being determined to be smaller than the
pre-defined threshold, selecting the one of the DMVR process and the BBOF process for the

image block based on a shape of the image block.

23. The method according to claim 20, wherein the size of the image block 1s

determined based a number of luma samples within the image block.
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24. The method according to claim 20, wherein the pre-defined threshold is
determined based on:

information signaled at at least one of: the CTU level, & tile level, or a sequence
parameter set (SPS) level; or

information associated with sequence resolution.

25. A roethod for processing video data, comprising:

determining whether a triangle pastition mode is applied to inter prediction of an
image block; and

in response to the triangle partition mode being determined to be applied to the inter
prediction of the image block, disabling a sub-block transform mode with respect to the

image block.

60



PCT/US2020/020453

WO 2020/185427

/19

|9 K

091
WHHPOA]

UCHROUNURTO )

/,
Bi OORION] gl OPODR(]  pepd  QDEAS(]
oy O3PEA Aepdsiy

\M Ob 1 301A3(] UOHBUTSA(] V|.\

}/
2OBLISIN]  be FpOaTY 30IN0OG
mding O3PIA O3PIA

AH 071 991A8(] 90INOY U|\

00t




PCT/US2020/020453

WO 2020/185427

2/19

¢ Ol

o1 dooy

2I0I2¢ NOOTH PaIotuSuo3ay]

ULICISUBI] 9SIsAU]

$9C
31018 hd
201 SDUQRJOY
3 3 k
wig dooy gy R .
\ N 297 Hu(} 097 [y
PO pIITI0TY uondIpasg riodwo g, uonoipaid enedg :
997 11 dooy
300 HONOIPRI] m
9Tl +
zizyun 08¢

HU[} [OIUO ) JOPOdUT
puy u0IsI3(Y 3O

HOHO] i
SPON UOIDIPaI] ¥o0ig
SPOW BUIPO)) oLz Hun} UCUSIPaLd
GONBZIUEN ) ISISAUY
T 1 502 bz ¥
02z 807 31} Fuipo) b ¢ e
weansg [ Adonugg RETEIAIE ) HEA * HUL e @A
: PADISY UOHRZIURNY) WOIsuRI], {ENPISaY ™
[EnpIsoy monomparg
plznueng) TS h

00¢

T 917

0T
O3PIA
nduy




PCT/US2020/020453

WO 2020/185427

3/19

€ Did

07¢
OAPIA PRpPO2a(Y
3
oy dooy yy -
99¢ N0 POIDTUISUOOdY poL
T B I01S 2I0ig
13117 doo] U
SJURIITY
&
g dooy ooy
¥30]g PIIOILISUOIIY
79¢
Uy vondipayd jriodwio
7 A201H UORDIPaI
()3 o
S TANANG
09¢
UOHOW MUy UonOIPad fenedg
BPON UCHOIPRL]
“9POJA] FUIPO )y
cle hufy gleHuny
: RS ILLI] (4433
HHOJSuRL] 4 UOUEZHUBNG i | Suiposaqy Adonug N wesnsig
9SIOAU] 9SISAUY OIS0 : :
[EnPIsaYy

o
2D
[ag!




WO 2020/185427 PCT/US2020/020453

4/19

A6

FIG. 4



PCT/US2020/020453

5/19

WO 2020/185427

l

» ‘ » g
0¢s OLs 0zs
/7 ISUT ul o1 4jaa UMD JUDLN)) 7] IS} UL Olgfad

D
D
LU0

‘I



PCT/US2020/020453

WO 2020/185427

6/19

A I K |

uonRpaad
eulg

N

Y2reas
AN TRt

f

SOX

078
o3mig ewsugey adwey [puonder g

&

0= AN

So A

YOIRos

A p oA s08otuf

++1

(o xep > 1

019

SAN Stepdny

EANPAIN
0=1

28eIG yourays 1S odwrg 10301

009




PCT/US2020/020453

WO 2020/185427

7/19

Center

P4

FIG. 7



PCT/US2020/020453

WO 2020/185427

8/19

8 "Dld

OIPIA POPOIR(

078

g doog

BYY 3°0ld £98
POIOIUISHODSY 3 ,&ﬁ
998 12314 dooy » 2IMOLJ SOUIBIOY
3
@11 doog siogeg 798 e w(\ sssssss
OO0 PRICTUISUOD2Y] U uoRIpalg w . M
rerodwn g, | |
! 98 [
w uonesusdwioy UOHO M
j [
| : |
[
w q798 [
M VAW !
| [
| ¥ m
- | V798 M
JO0J UOUDIPAILY | J0oad M
9 |
o T I .
UOTION 098
SPON UOHIIPII4 R nun A
PO SWIPOy uonopaig euedg
718N B 018 Huny B0 Uy
WIOJSURI] OSISAU] | UONBZHURNY) SSISAU] N WSRO Fupoodg Adonug
[enipisSy
008

708
WRINSIY




PCT/US2020/020453

WO 2020/185427

9/19

6 "Dld

0C6

OOPIA POPOOd(]

11t
door] 1e)Jy yoolg P96
906 PONNSUCIOY 0101g
1114 dooy 2IMDIJ QOUIIY
&
4 dooy 210509 ‘ Y
§O0(E POIONISUCIY €96 Y _
Uy woudiparg | . A |
' s ! 3796 _
rerodwn g, | ) \ |
m uonesuadiuoy |
w UCHOI !
{ w I
- |
| g296 ¥Z96 ||
L MANG aoag ||
|
R S S
Ot O _
4§ !
307¢f UOHOIPS

A307d uoHspald —~ G |

9,

v HOHO
Wu PO 096 11UN
BOUDIPI] O sondpard jeneds
‘OPOIN BuIpo)y
Zi6 Huny P Ol6 Hufy P 806 MUy 206
ULIOJSURL OSISAU] | UOTIRZOUEN() ASISAU] | JU2I011J307) Surpooaq Adonug Weensiig
fenpisay

006




PCT/US2020/020453

WO 2020/185427

10/19

010t

01 "DidA

Fatn’

PESN

(vor (o0l ov Txpr oRmm

{ 1 < PUBDOTIOPUIINXEIA MY 9510 §
{a)om o4 H ox Jispr ySueny 853w
{(Ayor [ os 1 ox loxpt ofurmLyy odom
{A)or [ o 1] ox lop nds spdurny sdow

3 {f oA H ox |3y ojSueny 310w )R
{a)oe Fod ] ox [8eyy aswp
{0==10581 ox [3e offuem ofiow
BE P9 =< WSIOHGD » WIPTAGD B § =< WIPHP B

ey poigeus jopdg sds wp Sef poigeus 1awp ods W g == 244 dnoxd om p
{(Ayor [ oA 1 ox [Seyy oSurLyy odsom
{ 9 =< REFOHP  PPIMP B% 0==[04 ] ox 9oy duo

¥ g==2d8 dowd opg 22 Seg poigqeud op8uvuy sds )@

RIGTHRRTGT] Y OMSoHO WEPIARGD ‘oA ox Yeep o8row

0001




PCT/US2020/020453

WO 2020/185427

11/19

OILL

"ol

o

T,

(YL FEINIS 0 TASZISTE 0D @A (K yoaupenb Suipos

3519

{ 0 "ASZISZI0TQD "4 @D ) mpds b yondwt con jenp

(aye

[ 22717300 << D4 I ASZISTR0TaID << QID¥ |8y g1 aamp

{ Geyy poqeuo jopg sds pw ey pojqend daurp sds 2w g = = odAy dnoxd om )

{

[ oz 7807 << gL szisqnz8oy << qix H 7 192y qis w

(¢ == opt ewomo e || 7 == 0PI eWwompo Je)p

[ 0717807 << QDA 1 97180780 T << qiDx H 1 19u1f g3 v

(¢ == Op1 BUIOND Jj || 1 == Op1 PUIOHD Jj¥ )1

[ o1ISqI0 7807 << POA [ 0Z1SPT30T << X H ¢ 182y 30" je

3 Feyy pojquus Jg dnoxd oym )p

{ ASZISTEOTQD << @A ASASTIOIRPD << QOX JoBs

{ Seyy ewiomo ovs dnoid om || Jeyg wumy ovs dnoid o i

ASZIGTOY > { ASEDUIIPIMOL] / SHMBPPPY QD ) = BDA

ASZIST8U TN >> { ASQOUIRMMOI 9% SYUHPPY @D ) = DX

RTOTHIRRTIT el

¥ (Onmum oon Gu1po0

GOTL




PCT/US2020/020453

WO 2020/185427

12/19

\Z4 9K

PN

(MLl TTIONIS 0 ASZISTIOTOD ‘@0 A QDY Jesnpunb Furpoo

253

{ ¢ "ASTSTEOIQD @A I ) pyds 16 nonpdwr son jeap

(3ey enw oo Erp ngb W == 044 damd om B

{a¥oe

L ASZISTEOIM) << oA J] X0ZIS7801010 << @)X [Sey @i aaup

{ Seyy pojgeusy Jopq sds Wiy ey poigeuy 4awp sAs W g = = odAy dnoxd o )

£
L8

[ azigqinzdoy << @DA  2asqiDrdoy << X i ¢ [8ey q ge

(€ == OPT BWORD J[B || T == OPI BWONYD JjB)J

[ o21SqID 80T << GOA L s SQID BT << @x | ¥ {Fey g3 12

P

(¢ == opr ewomd fe || | == 0PI Bwono ey

{ 0ZISQIDTEOT << @A | 2zISqIDTE0T << @x | ¢ [8ey g1 j1e

¥ Feyy popguue v dnoad om

{ ASTSTIOIRPD << WOAADU[TBOIND << GIOX Jous

{ Sey ewonyn oes dnoxd org || Fey ewmy ovs dnoid o Ip

APZISTEOIMD >> ( ASHOURBPIAM I / SEEEPPV QD ) = QIDA

ARZISZEOTRT >> ( ASEOUREHPIADIG % SHEUPPYBD ) = GIOX

aopduassag

¥ Opun 201 Smpoes

00T




PCT/US2020/020453

WO 2020/185427

13/19

ac

=

471 "Oid

{a)oe

oA ox jxpisisom

{ T < PUBSSISNTENXEIN JJT 9519 {

{(ayor

ol ox Jixpr ofueny asaom

(a)ou

oA H ox Joxpr sSuenay s8xawm

{A)om

{ oA 1 ox lp 3ds ofSurLyy s8som

P (Loal ox [8eiy oBuein 280w

(a)om

oAl ox BB Jrmp

o wRLASASTEOIR) << qiDA I AS4G780I) << @iDX
ey qro aawp ¥ 19 =< WHHP » PP B 8 =< WIDHP B

ey popaeud yopq sds 292 Seyy pojqeud 1awup 5ds w9 g = = odAl dnosd opt p

RITISPD « ( ASFISAID / 04 ) = iD4

ASZISOIY 5 L ADTISPD / 0% ) = QOX

{a)oe

[ oa H ox |98y ojduwiyy oR.owm

{ $9 =< WFBHP - WPIMQ %% o==| 04 | ox [Seyy dmo

W% g ==0o0d4 dnoid om 2y feyy porgeus opdury sds )p

KT THARCET

¥ (WSOHGY YIPTAMGO 04 ‘ox Jmep o8iow

00C1




PCT/US2020/020453

WO 2020/185427

14/19

olel

€l "Dl

o~

-

{

{Ayop ol H ox xpr sEacw

{ 1 < pUB oS IONTINXBIAL M 950 §
{A)om Fof T ox Jpxpr oSueny oSnm
{a)omr F oA T ox loxpr 2 ueiy a8sauw
{ayw [ oA H ox p ppde sfuery sdaom

Y {{ pA 1 ox |8y orFuemy ofour )t
{Ayom [oAdE ox [Sey aamp
(g ==10All ox |8y oifueuy o31ow
FW PI0T =< WIBHAD 4 WPLMIP B § =< HSLHP ¥

ey porgeua Jopq sds 2y Feyy poraeno Jauwp sds W g = = odAy dnoid om p
{a)yom oA 1 ox [8vy siFueng Y8aam
{ §9 =< WISHP » PPIMGD % 0 == [ o4 ] ox j8ey dno

WW 9= =0od4y dnoid o[ Wy SRy pojgeus opfuein sds )y

Jo3dassagg 3 (SO WPLMOY oA ‘ox yeirp oSiow

0ocl




WO 2020/185427

15/19

ey
1402

FIG. 14

PCT/US2020/020453




WO 2020/185427 PCT/US2020/020453

16/19

172 172 1/4 3/4

1/2




WO 2020/185427 PCT/US2020/020453

17/19

FIG. 16



PCT/US2020/020453

WO 2020/185427

18/19

L1 7D

O1L1

{
{
(aye FIOTIETI TR
( Cuopnasmofe || GRAGSMOLE || HIOHIQSMONR || FHEOAIGS MO I
91 =< WFOHGD = OIOHIGSMOfR
8 =< WOITH = HIOHIMSMOfE
91 =< WPIMG = OIAIGEMOfE
8 =< YIPIMA = HIOAIGEMO[fE
+(OZISIGRNRIN => WSIOHGD W9 SZISIGENBIN => WPIAGO I
{05 1 OX 8By opsueLg od1out| 9% § 0A Hl OX fory 4o
9% BB POJBUD 1G5 505 5% HALNI AQUN == 1 0~ 1 0% JOPopadns i
$(§go o )p
(aye JTEIRTS]
(0 == [ o4}l o |3eg odzow ®% VYINI AGOW =i |04 ox Jopoppardnd it
FOLoa Hox j9eyy wead) )
A03dLIS3g 3 (2dA 001 WEBOHAY WMPIAGD 04 OX JINm FuIpoo

Q0L1




PCT/US2020/020453

WO 2020/185427

19/19

81 "Dld

0€8l
ERIAREIDT)
ndinganduy

0781
AIOUISIN

0181
1puodwo))

Fu15592044

-




INTERNATIONAL SEARCH REPORT

International application No.

PCT/US20/20453

A.
IPC

CLASSIFICATION OF SUBJECT MATTER

HO4N 19/503, 19/573, 19/577, 19/105, 19/136, 19/176, 21/234 (2020.01)

CPC - HO4N 19/503, 19/573, 19/577, 19/105, 19/136, 19/176, 21/234

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

See Search History document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

See Search History document

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

See Search History document

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X WO 2018/121506 A1 (MEDIATEK INC.) 05 July 2018; paragraphs [0041], [0044], [00102] 1,2, 7,10, 11, 19, 20, 23,
- 24
- 14, 21, 22
A e

3-6,8,9,12,13, 15-18
Y =1 CA 3 065 492 A1 (KT CORPORATION) 22 November 2018; paragraph [00221] 14, 21,22
A US 2018/0278949 A1 (QUALCOMM INCORPORATED) 27 September 2018; entire document 1-24
A WO 2019/001786 A1 (HUAWEI TECHNOLOGIES CO., LTD) 03 January 2019; entire 1-24

document

D Further documents are listed in the continuation of Box C.

I:, See patent family annex.

* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“D” document cited by the applicant in the international application

“E” earlier application or patent but published on or after the international
filing date

“L” document which may throw doubts on priority claim(s) or which
is cited to establish t gﬁpubllcatlon date of another citation or other
special reason (as specified)

“Q” documentreferring to anoral disclosure, use, exhibition or other means

“P” document published prior to the international filing date but later than

the priority date claimed

“T" later document published after the international filing date or priority
date and not in conflict with the apﬁllc_:auon but cited to understand
the principle or theory underlying the invention

“X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step
when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot

be considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

26 April 2020 (26.04.2020)

Date of mailing of the international search report

01JuUL 2020

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.0O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-8300

Authorized officer
Shane Thomas

Telephone No. PCT Helpdesk: 5§71-272-4300

Form PCT/ISA/210 (second sheet) (July 2019)




INTERNATIONAL SEARCH REPORT International application No.

PCT/US20/20453

Box No. H Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. HI  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

Group I: Claims 1-24; Group II: Claim 25

-***.Continued within extra sheet-"**-

I D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. K{ No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
to the invention first mentioned in the ¢laims; it is covered by claims Nos.:

1-24

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.
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-***_Continued from Box No. Ili - Observations where unity of invention is lacking-***-

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fee must be paid.

Claims 1-24 are directed towards a method comprising a decoder side motion vector refinement "DMVR" and a bi-directional optical flow
"BDOF".
Claim 25 is directed towards a method for processing video data, comprising a triangle partition mode.

The inventions listed as Groups ! - |l do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons:

The special technical features of Group | are at least selecting one of a DMVR process and a BDOF process based on a video bitstream,
which are absent in Group II.

The special technical features of Group |l are at least determining whether a triangle partition mode is applied to inter prediction of an
image block; and in response to the triangle partition mode being determined to be applied to the inter prediction of the image block,
disabling a sub-block transform mode with respect to the image block, which are absent in Group 1.

The common technical features of Groups | and Il is inter predicting an image block. However, this common feature is previously
disclosed by WO 2018/121506 A1 to MEDIATEK INC. (hereinafter ‘MEDIATEK'). MEDIATEK teaches inter predicting an image block
(refined MVs are used to generate a final bi-predicted prediction block for the current block; reference picture 270a can be located from
the corresponding location 210a of the current block (image block); paragraph [0012]).

Since the common technical feature is previously disclosed by MEDIATEK, this common feature is not special and so Groups | - Il lack
unity.
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