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GEOMETRIC PARTITIONING MODE IN VIDEQ CODING

INCORPORATION BY REFERENCE

[6001]  This present application claims the benefit of U.S. Patent Application No.
17/091,253, “GEOMETRIC PARTITIONING MODE IN VIDEQ CODING” filed on November
6, 2020, which claims the benefit of U.S. Provisional Application No. 62/938,894,
“SIMPLIFICATION FOR GEO/WEDGE INTER BLOCK” filed on November 21, 2019, The

disciosures of the prior applications are hereby incorporated by reference in their entirety.

TECHNICALFHELD

{0002}  The present disclosure describes embodiments generally related to video coding.

BACKGROUND

{0603}  The background description provided herein is for the purpose of generally
presenting the context of the disclosure. Work of the presently named inventors, to the extent the
work 18 described in this background section, as well as aspects of the description that may not
otherwise qualify as prior art at the time of filing, are neither expressly nor iropliedly admitted as
prior art against the present disclosure.

[3004]  Video coding and decoding can be performed using inter-picture prediction with
motion compensation. Uncompressed digital video can include a series of pictures, each picture
having a spatial dimension of, for example, 1920 x 1080 luminance samples and associated
chrominance samples. The series of pictures can have a fixed or variable picture rate {informally
also known as frame rate) of, for example, 60 pictures per second or 60 Hz. Uncompressed
video has significant bitrate requirements. For example, 1080p60 4:2:0 video at & bit per sample
{1920x 1080 luminance sample resolution at 60 Hz frame rate) requires close to 1.5 Gbit/s
bandwidth. An hour of such video requires more than 600 GBytes of storage space.

{00665} One purpose of video coding and decoding can be the reduction of redundancy in
the input video signal, through compression. Compression can help reduce the aforementioned
bandwidth or storage space requirements, in some cases by two orders of magnitude or more.
Both lossless and lossy compression, as well as a combination thereof can be employed.

Lossless compression refers to techniques where an exact copy of the original signal can be
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reconstructed from the compressed original signal. When using lossy compression, the
reconstructed signal may not be identical to the original signal, but the distortion between
original and reconstructed signals is small encugh to make the reconstructed signal useful for the
intended application. In the case of video, lossy compression is widely employed. The amount
of distortion tolerated depends on the application; for example, users of certain consumer
streaming applications may tolerate higher distortion than users of television distribution
applications. The compression ratic achievable can reflect that: higher allowable/tolerable
distortion can vield higher compression ratios.

[0086] A video encoder and decoder can utilize technigues from several broad categories,
including, for example, motion compensation, transform, quantization, and entropy coding.

80871 Video codec technologies can include technigues known as inter prediction. For
each inter-predicted coding unit (CU), motion parameters include motion vectors, reference
picture indices and reference picture list usage index, and additional information to be used for
inter-predicted sample generation. The motion parameters can be signaled in an explicit or
implicit manner. When a CU is coded with skip mode, the CU is associated with one prediction
unit (PU) and has no significant residual coefficients, no coded motion vector delta or reference
picture index. A merge mode is specified whereby the motion parameters for a current CU are
obtained from neighboring CUs, including spatial and temporal candidates, and additional
schedules introduced, for example in VV{. The merge mode can be applied to any inter-
predicied CU, not only for skip mode. The alternative to merge mode is the explicit transmission
of the motion parameters. Motion vector, corresponding reference picture index for each
reference picture list and reference picture list usage flag and other needed information are
signaled explicitly per each CU.

{0068}  Some inter prediction coding tools include extended merge prediction, merge
mode with motion vector difference (MMVD), advanced motion vector prediction mode
(AMVP) with symmetric motion vector difference (MVD) signaling, affine motion compensated
prediction, subblock-based temporal motion vector prediction {(SbTMVP), adaptive motion
vector resolution (AMVR), motion field storage (1/16th luma sample MV storage and 8x8
motion field compression), bi-prediction with weighted averaging (BWA), bi-directional optical
flow (BDOF), decoder side motion vector refinement (DMVR), triangular partitioning mode

(TPM), and combined inter and intra prediction {CHP).
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{0069} In some cases, extended merge prediction is used. A merge candidate list is
constructed by including the following five types of candidates in order: (1) spatial MVP from
spatial neighbor CUs; (2) temporal MVP from coliocated CUs; (3) history-based MVP from an
FIF( table; (4) pairwise average MVP; and (5) zero MVs.

{0018}  The size of the merge list is signaled in a slice header and the maximum allowed
size of the merge list is for example 6 in some cases. For each CU code in merge mode, an index
of the best merge candidate is encoded using truncated unary binarization (TU). The first bin of
the merge index is coded with context and bypass coding is used for other bins.

{0011} FIG. 1A shows exemplary positions of spatial merge candidates. In some cases,
up to four merge candidates can be selected among candidates located in the positions depicted
in FIG. 1A, The selection order is Bi, Al, BO, ACG, and B2, The candidate at position B2 1s
considered only when any CU at positions A0, BO, B1, or Al is not available (e.g , the CU at
position A0 belongs to another slice or tile) or not inter coded. After the candidate at position
Al is added to the merge candidate list, the addition of the remaining candidates is subject to a
redundancy check that ensures that candidates with same motion information are excluded from
the merge candidate list so that coding efficiency is improved.

{0612}  FIG. 1B shows candidate pairs considered for the redundancy check of the spatial
merge candidates. To reduce computational complexity, not all possible candidate pairs are
considered in the redundancy check Instead, only the pairs linked with an arrow in FI1G. 1B are
cousidered and a candidate is only added to the merge candidate list if the corresponding
candidate used for the redundancy check has not the same motion information.

{6013}  FIG. 1C shows a motion vector scaling for a temporal merge candidate. In some
cases, only one temporal merge candidate can be added to the merge candidate list. Particulardy,
in the derivation of this temporal merge candidate, a scaled motion vector is derived based on a
co-located CU belonging to the collocated reference picture. The reference picture list used for
the derivation of the co-located CU is explicitly signaled in the slice header. The scaled motion
vector for the temporal merge candidate is obtained as tllustrated by the dotted Hine in FIG. 1C.
The scaled motion vector is derived from the motion vector of the co-located CU using the
picture order count (POC) distances th and td, where tb is defined as the POC difference between

a reference picture of the current picture and the current picture and td is defined as the POC
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difference between a reference picture of the co-located picture and the co-located picture. The
reference picture index of the temporal merge candidate can be set equal to zero.

{6614}  FIG. 1D shows exemplary positions for the temporal merge candidate. The
temporal merge candidate is selected between CUs at positions CO and C1. I the CU at position
0 is not available, not inter coded, or ocutside of the current row of CTUs, the CU at position Ct
is used. Otherwise, the CU at position C0 is used in the derivation of the temporal merge
candidate.

SUMMARY

{0015} Aspects of the disclosure provide methods and apparatus for video encoding and
decoding. In some examples, an apparatus for video decoding includes processing circuitry.
The circutiry can be configured to receive a syntax element from a bitstream of a coded video
associated with a current coding block that is partitioned into a first part and a second part along
a partition edge for prediction in a geometnic partitioning mode, and determine a weight index at
a sample position of the current coding block. The weight index is used to derive a blending
weight for blending two prediction signals corresponding to the first part and the second part of
the current coding block. The circuitry can further be configured to determine a stored motion
vector type for a first motion storage unit in a motion field of the current coding block based on a
motion index of the first motion storage untt, the wetght index at the sarople position of the
current coding block being used as the motion index of the first motion storage unit, and store the
motion field of the current coding block based on the stored motion vector type determined for
the first motion storage unit in the motion field of the current coding block.

{0016}  In an embodiment, the sample position of the current coding block at which the
weight index is used as the motion index of the first motion storage unit is a sample position
within the first motion storage unit in the motion field of the coding block. In an embodiment,
the sample position of the current coding block at which the weight index is used as the motion
index of the first motion storage unit is a sample position neighboring a center position of the
first motion storage unit in the motion field of the coding block. In an embodiment, the first
motion storage unit has a size of 4x4 samples, and the sample position of the current coding
block at which the weight index is used as the motion index of the first motion storage unitis a
sample position of a coordinate (2, 2) within the first motion storage unit in the motion field of

the coding block.
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{00171 In an embodiment, the first motion storage unit has a size of 4x4 samples and is at
a position of (g, Vep ) in the motion field of the current coding block, and the sample position of
the current coding block has a coordinate of ((_ Xop K 2)+2,{yep K23 + 2) in the current
coding block, the weight index at the coordinate of {{x; « 2) + 2, {(vgp & 2) + 2) being used
as the motion index of the first motion storage unit.

{60181  In an embodiument, the circuitry can further be configured to perform a calculation
to convert the weight index at the sample position of the current coding block to the blending
weight for blending the two prediction signals. The conversion can be based on a linear function
of the weight index at the sample position of the current coding block without using a tookup
table.

{6019} In an embodiment, the circuitry can further be configured to determine the weight
index at the sample position of the current coding block based on a value ppug, used to shift the
partition edge from a corner of the current coding block, the value gy, varying according to a
width or a height of the cusrent coding block and an angel of the partition edge.

[0028]  In an embodiment, the circuitry can further be configured to determine the weight

index at the sample position of the current coding block based on

wldx(x,y) = (x - ((w X (4n +30)) > (3 + log, n))) % cos(q@) ~

(y - (:(h X (4n + 38} > (3 + log, n))> ® Cos (ga + -g) (Eq 1)

where widx denotes the weight index, X and y denote a coordinate of the sample position in the
current coding block, w and h denote a width and a height of the current coding block, ¢ denotes
an angle of the partition edge, n denotes a number of distance quantization steps, and 1 denotes a
distance quantization step index.

{0023}  In an embodiment, the circuitry is further configured to determine the weight
index at the sample position of the current coding block based on

wldx(x,y) = {(((x w1+ 1) & 3) - (((w X (4n + 3i}) K 1) > log. n)\) x cos{@l] —

7

((((y K1) +1)« 3) - (((h X (4n +3D)) < 1) > log, n)) X €0S [(p + -g-] (Eg. 2)

where wldx denotes the weight index, x and y denote a coordinate of the sample position in the

current coding block, w and h denote a width and a height of the current coding block, ¢ denotes
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an angle of the partition edge, n denotes a number of distance quantization steps, and i denctes a
distance guantization step index.
{6624}  In an embodiment, the circuitry is further configured to determine the weight

index at the sample position of the current coding block based on

widx(x,y) =
/ wx {4n +30) ) / hx(4n+ §;) P s
(x B we— x cos{g) — (v X cos (ga + -g} when 0 < ¢ < 3
w X (4n — 3i) A X (4 +3*=

(x %4) % cos(g) — ( v ( tre ) X C08 (:p + Z) when —;—i Sp<na

" w X (4n — 3i) /  hX (4?2 - 3§} n 3w

(xm———mg;;——«—m> co H(qfi“(v " €OS (zp +E>,wh€nn§<p\ 5

w X (4n -+ 31} « cos( e ’ hx(/in~21) w cos ( +7r} ; 371'( .
“{ o cos{p) (y cos ({,} S J when — < g <2n
(Eq. 3)

where widx denotes the weight index, x and y denote a coordinate of the sample position in the
current coding block, w and h denote a width and a height of the current coding block, ¢ denotes
an angle of the partition edge, n denotes a nurnber of distance quantization steps, and 1 denotes a
distance quantization step index.

{00251  Inan embodiment, the circuitry is further configured to determine the weight
index at the sample position of the current coding biock based on a weight index of a left or
upper neighboring sample of the sample position of the current coding block with a fixed offset
value. In an embodiment, the circuitry is further configured to determine the weight index at the
sample position of the current coding block based on a weight index at a coordinate of (0, 0} in
the current coding block.

{06261 In an embodiment, the circuitry is further configured to determine a motion index
of a second motion storage unit in the motion field of the current coding block based on

motionddx (X, Vep)
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= ({((xgh K3 +1)« 3) - (((W X (4n + 30)) « 1} » log, n) + 3) X cos{@l —

7

(( (ysp € 3+ 1) < 3) (((h X {4n+30)) « 1) » log, n) + 3) X cos [(p -’3} (Eq. 4)

where motionidx denotes the motion index of the second motion storage unit, Xy, and yg, denote
a coordinate of the second motion storage unit in the motion field of the current coding block, w
and b denote a width and a height of the current coding block, ¢ denotes an angle of the partition
edge, n denotes a number of distance quantization steps, and i denotes a distance quantization
step tndex.

{00277 Aspects of the disclosure also provide a non-transitory computer-readable
medium storing instructions which when executed by a computer for video decoding cause the

computer 1o perforny any one or a combination of the methods for video decoding,

BRIEF DESCRIPTION OF THE DRAWINGS

{0028}  Further features, the nature, and various advantages of the disclosed subject
matter will be more apparent from the following detatled description and the accompanying
drawings in which:

{0029  FIG. 1A shows exemplary positions of spatial merge candidates;

{00387  FIG. 1B shows exemplary candidate pairs considered for a redundancy check of
the spatial merge candidates;

{0031} FIG 1C shows an example of motion vector scaling for a temporal merge
candidate;

{08321  FIG. 1D shows exemplary positions for the teraporal merge candidate;

{0033} FIG. 2 shows a schematic illustration of a simplified block diagram of a
communication system in accordance with an embodiment;

{0034}  FIG. 3 shows a schematic illustration of a simplified block diagram of a
communication system in accordance with an embodiment;

{0035}  FIG. 4 shows a schematic illustration of a simplified block diagram of a decoder

in accordance with an embodiment;
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{00367  FIG. 5 shows a schematic illustration of a simplified block diagram of an encoder
in accordance with an embodiment;

{86377 FIG. 6 shows a block diagram of an encoder in accordance with ancther
embodiment;

{0638}  FIG. 7 shows a block diagram of a decoder in accordance with another
embodiment;

{06331 FIGs. BA and 8B show two exemplary triangular partitions in accordance with
some embodiments;

{0048}  FIG. 9 shows a uni-prediction motion vector selection for the triangle partition
mode in accordance with some embodiments;

[6048]  FIGs 10A and 10B show exemplary weight maps for luma and chroma o
accordance with some embodimenis;

{00421  FIG. 11 shows an exemplary geometric partitioning mode according to some
embodiments of the disclosure;

j0043]  FIG. 12 shows a flow chart cutlining an exemplary process in accordance with an
embodiment; and

{0044}  FIG. 13 shows a schematic illustration of a computer system in accordance with

an embodiment.

DETAILED BESCRIPTION OF EMBODIMENTS
{6845} {. Video Encoder and Decoder

{0046]  FIG. 2 illustrates a simplified block diagram of a communication system (200}
according to an embodiment of the present disclosure. The communication system (200}
includes a plurality of terminal devices that can communicate with each other, via, for example, a
network (250). For example, the communication system (200) includes a first pair of terminal
devices (210) and (220) interconnected via the network (250). In the FIG. 2 example, the first
pair of terminal devices (210) and (220) performs unidirectional transmission of data. For
example, the terminal device (210} may code video data {e.g., a stream of video pictures that are
captured by the terminal device (210)) for transmission to the other terminal device (220} via the
network (250). The encoded video data can be transmitted in the form of one or more coded

video bitstreams. The terminal device (220} may receive the coded video data from the network
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{250}, decode the coded video data to recover the video pictures and display video pictures
according to the recovered video data. Unidirectional data transmission may be common in
media serving applications and the like.

{00471  In another example, the communication system {200) includes a second pair of
terminal devices (230} and (240} that performs bidirectional transmission of coded video data
that may occur, for example, during videoconferencing. For bidirectional transmission of data,
in an example, each terminal device of the terminal devices (230} and (240) may code video data
{e.g., a stream of video pictures that are captured by the ternmunal device) for fransmission to the
other terminal device of the terminal devices (230) and (240} via the network (250). Each
terminal device of the terminal devices (230} and (240} also may receive the coded video data
transmoitted by the other terminal device of the terminal devices {230} and (240}, and may decode
the coded video data to recover the video pictures and may display video pictures at an
accessible display device according to the recovered video data.

{0048}  Inthe FIG. 2 example, the terminal devices (210), {220), (2303 and (240) may be
tlustrated as servers, personal computers and smart phones but the principles of the present
disciosure may be not so limited. Embodiments of the present disclosure find application with
laptop computers, tablet computers, media players and/or dedicated video conferencing
equipment. The network (250} represents any number of networks that convey coded video data
among the terminal devices (210}, {2203}, {230} and (240), including for example wireline (wired)
and/or wireless communication networks. The communication network (250) may exchange
data in circuit-switched and/or packet-switched channels. Representative networks include
telecommunications networks, local area networks, wide area networks and/or the Internet. For
the purposes of the present discussion, the architecture and topology of the network {250) may be
immaterial to the operation of the present disclosure unless explained herein below.

[0049]  FIG. 3 illustrates, as an example for an application for the disclosed subject
matter, the placement of a video encoder and a video decoder in a streaming environment. The
disclosed subject matter can be equally applicable to other video enabled applications, including,
for example, video conferencing, digital TV, storing of compressed video on digital media
including CD, DVD, memory stick, and the like.

{0058} A streaming system may include a capture subsystem (313) that can include a
video source (301}, for example a digital camera, creating for example a stream of video pictures
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(302} that are uncompressed. In an example, the stream of video pictures (302) includes samples
that are taken by the digital camera. The stream of video pictures {302), depicted as a bold line
to emphasize a high data volume when compared to encoded video data (304) {or coded video
bitstreams}, can be processed by an elecironic device (320) that includes a video encoder (303)
coupled to the video source (301). The video encoder (303) can include hardware, software, or a
combination thereof to enable or implement aspects of the disclosed subject matter as described
in more detail below. The encoded video data (304} {or encoded video bitstream (304)),
depicted as a thin line to emphasize the lower data volume when compared to the stream of video
pictures (302), can be stored on a streaming server (303) for future use. One or more streaming
client subsystems, such as client subsystems (306) and (308) in FIG. 3 can access the streaming
server {305) to retrieve copies (307) and (309} of the encoded video data (304). A client
subsystem {306} can include a video decoder (310}, for example, in an electronic device {330).
The video decoder (310) decodes the incoming copy (307) of the encoded video data and creates
an putgoing stream of video pictures (311} that can be rendered on a display (312) {e.g., display
screen) or other rendering device (not depicted). In some streaming systems, the encoded video
data (304), (307}, and (309} (e.g., video bitstreams) can be encoded according to certain video
coding/compression standards. Examples of those standards include ITU-T Recommendation
H.265. 1o an example, a video coding standard under development is informally known as
Versatile Video Coding (VVC). The disclosed subject matter may be used in the context of
VvV,

{0051} It is noted that the electronic devices (320} and (330) can include other
components {not shown). For example, the electronic device (320} can include a video decoder
{not shown) and the electronic device (330) can include a video encoder {(not shown) as well.

{8652}  FIG 4 shows a block diagram of a video decoder {(410) according to an
embodiment of the present disclosure. The video decoder (410) can be included in an electronic
device (430). The electronic device (430} can include a receiver (431) (e.g., receiving circuitry}.
The video decoder {410} can be used in the place of the video decoder (310} in the FIG. 3
example.

[0033]  The receiver (431) may receive one or more coded video sequences to be decoded
by the video decoder (410}; in the same or another embodiment, one coded video sequence at a
time, where the decoding of each coded video sequence is independent from other coded video
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sequences. The coded video sequence may be received from a channel {(401), which may be a
hardware/software link to a storage device which stores the encoded video data. The receiver
(431) may receive the encoded video data with other data, for example, coded andio data and/or
ancillary data streams, that may be forwarded to their respective using entities (not depicted).
The receiver {431} may separate the coded video sequence from the other data. To combat
network jitter, a buffer memory (415) may be coupled in between the receiver (431) and an
entropy decoder / parser (420} ("parser (420)" henceforth}. In certain applications, the buffer
mermory (415) is part of the video decoder (410). In others, it can be outside of the video
decoder (410) (not depicted). In still others, there can be a buffer memory (not depicted) outside
of the video decoder (410}, for example to combat network jitter, and in addition another buffer
memory {415} inside the video decoder (410), for example to bandle playout timing. When the
receiver (431} is receiving data from a store/forward device of sufficient bandwidth and
controllability, or from an isosynchronous network, the buffer memory (415) may not be needed,
of can be small. For use on best effort packet networks such as the Internet, the buffer memory
{415) may be required, can be comparatively large and can be advantageously of adaptive size,
and may at least partially be implemented in an operating system or similar elements (not
depicted) outside of the video decoder (410}

{06541  The video decoder (410) may include the parser (420} {o reconstruct symbols
{421} from the coded video sequence. Categories of those symbols include information used to
manage operation of the video decoder (410), and potentially information to control a rendering
device such as a render device {412} {e.g., a display screen) that is not an integral part of the
electronic device (430) but can be coupled to the electronic device (430), as was shown in FIG.
4. The control information for the rendering device(s) may be in the form of Supplemental
Enhancement Information (SEI messages) or Video Usability Information (VUI) parameter set
fragments (not depicted). The parser (420) may parse / entropy-decode the coded video
sequence that is received. The coding of the coded video sequence can be in accordance with a
video coding technology or standard, and can follow various principles, including variable length
coding, Hutfman coding, arithmetic coding with or without context sensitivity, and so forth. The
parser {420} may extract from the coded video sequence, a set of subgroup parameters for at least
one of the subgroups of pixels in the video decoder, based upon at least one parameter

corresponding to the group.  Subgroups can include Groups of Pictures {GOPs), pictures, tiles,
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slices, macroblocks, Coding Units {CUs), blocks, Transform Units (TUs), Prediction Units (PUs)
and so forth. The parser (420} may also exiract from the coded video sequence information such
as transform coefficients, quantizer parameter values, motion vectors, and so forth.

{0655}  The parser (420) may perform an eniropy decoding / parsing operation on the
video sequence recetved from the buffer memory (415), so as to create symbols (421}

[0036]  Reconstruction of the symbols (421) can involve multiple different units
depending on the type of the coded video picture or parts thereof (such as: inter and intra picture,
inter and tntra block), and other factors. Which units are tnvolved, and how, can be controlled
by the subgroup control information that was parsed from the coded video sequence by the
parser {420). The flow of such subgroup control information between the parser (420} and the
multiple units below 1s not depicted for clarity.

{0057} Beyond the functional blocks already mentioned, the video decoder (410) can be
conceptually subdivided into a number of functional units as described below. In a practical
implementation operating under commercial constraints, many of these units interact closely
with each other and can, at least partly, be integrated into cach other. However, for the purpose
of describing the disclosed subject matter, the conceptual subdivision into the functional units
below is appropriate.

[0088] A first unit is the scaler / inverse transform unit (451). The scaler / inverse
transform unit (451} receives a quantized transform coefficient as well as control information,
including which transform to use, block size, quantization factor, quantization scaling matrices,
etc. as symbol{s} (421) from the parser (420} The scaler / inverse transtorm unit {451} can
output blocks comprising sample values that can be input into aggregator {455).

{0059] In some cases, the output samples of the scaler / inverse transform (451) can
pertain to an intra coded block; that is: a block that is not using predictive information from
previously reconstructed pictures, but can use predictive information from previously
reconstructed parts of the current picture. Such predictive information can be provided by an
intra picture prediction unit (452). In some cases, the intra picture prediction unit (452)
generates a block of the same size and shape of the block under reconstruction, using
surrounding already reconstructed information fetched from the current picture buffer (458).

The current picture buffer (458) buffers, for example, partly reconstructed cusrent picture and/or

fully reconstructed current picture. The aggregator (455), in some cases, adds, on a per sample
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basis, the prediction information that the intra prediction unit {452) has generated to the output
sample information as provided by the scaler / inverse transform unit (451},

{86601  In other cases, the output samples of the scaler / inverse transform unit (451) can
periain to an inter coded, and potentially motion compensated block. In such a case, a motion
compensation prediction unit (453) can access reference picture memory (457) to fetch samples
used for prediction. After motion compensating the fetched samples in accordance with the
symbols {421} pertaining to the block, these samples can be added by the aggregator {455) to the
output of the scaler / inverse transform unit (451} (in this case called the residual samples or
residual signal} so as to generate output sample information. The addresses within the reference
picture memory (457) from where the motion compensation prediction unit {453) fetches
prediction saraples can be controlied by motion vectors, available to the ruotion compensation
prediction unit (453} in the form of symbols (421) that can have, for example X| Y, and reference
picture components. Motion compensation also can include interpolation of sample values as
fetched from the reference picture memory (457) when sub-sample exact motion vectors are in
use, motion vector prediction mechanisms, and so forth,

{0061}  The cutput samples of the aggregator (455) can be subject to various loop filtering
techniques in the loop filter unit (456). Video compression technologies can include in-loop
filter technologies that are controlied by parameters included 1n the coded video sequence (also
referred to as coded video bitstream)} and made available to the loop filter unit (456) as symbols
(421) from the parser {(420), but can also be responsive to meta-information obtained during the
decoding of previous {in decoding order) parts of the coded picture or coded video sequence, as
well as responsive to previously reconstructed and loop-filtered sample values.

{00621  The output of the loop filter unit (456} can be a sample stream that can be cutput
to the render device (412) as well as stored in the reference picture memory (457) for use in
future inter-picture prediction.

{0063}  Certain coded pictures, once fully reconstructed, can be used as reference pictures
for future prediction. For example, once a coded picture corresponding {0 a current picture is
fully reconstructed and the coded picture has been identified as a reference picture (by, for
example, the parser (420)), the current picture bufter (458) can become a part of the reference
picture memory {457}, and a fresh current picture buffer can be reallocated before commencing

the reconstruction of the following coded picture.

1
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j0064]  The video decoder (410) may perform decoding operations according to a
predetermined video compression technology in a standard, such as ITU-T Rec. H265 The
coded video sequence may conform to a syntax specified by the video compression technology
or standard being used, in the sense that the coded video sequence adheres to both the syntax of
the video compression technology or standard and the profiies as documented in the video
compression technology or standard. Specifically, a profile can select certain tools as the only
tools avaiiable for use under that profile from all the tools available in the video compression
technology or standard. Also necessary for compliance can be that the complexity of the coded
video sequence is within bounds as defived by the level of the video compression technology or
standard. In some cases, levels restrict the maximum picture size, maximum frame rate,
maximum reconstruction sample rate (measured 1o, for example, mega samples per second),
maximum reference picture size, and so on. Limits set by levels can, in some cases, be further
restricted through Hypothetical Reference Decoder (HRD) specifications and metadata for HRD
buffer management signaled in the coded video sequence.

[0065]  In an embodiment, the receiver {(431) may receive additional (redundant) data
with the encoded video. The additional daia may be included as part of the coded video
sequence(s). The additional data may be used by the video decoder (410} to properly decode the
data and/or to more accurately reconstruct the original video data. Additional data can be in the
form of, for example, temporal, spatial, or signal notse ratio (SNR} enhancement layers,
redundant shices, redundant pictures, forward error correction codes, and s0 on.

{0066}  FIG. 5 shows a block diagram of a video encoder (503) according to an
embodiment of the present disclosure. The video encoder {(503) 18 included in an electronic
device (520). The electronic device (520) includes a transmitter (540} {e.g., transmiiting
FIG. 3 example.

{0067}  The video encoder (503} may receive video samples from a video source (501}
{that is not part of the electronic device (520} in the FIG. S example) that may capture video
image(s) to be coded by the video encoder (503). In another example, the video source (501)isa
part of the electronic device (520},

j0068}  The video source (501) may provide the source video sequence 1o be coded by the

video encoder (503) in the form of a digital video sample siream that can be of any suitable bit
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depth (for example: 8 bit, 10 bit, 12 bit, ...}, any color space (for example, BT.001 ¥ CrCB,
RGH, ...}, and any suitable sampling structure (for example Y Crlb 4:2:0, Y Grb 4:4:4). Ina
media serving system, the video source (501) may be a storage device storing previously
prepared video. In a videoconferencing system, the video source (501) may be a camera that
captures {ocal image information as a video sequence. Video data may be provided as a plurality
of individual pictures that impart motion when viewed in sequence. The pictures theruselves
may be organized as a spatial array of pixels, wherein each pixel can comprise one or more
samples depending on the sampling structure, color space, ete. in use. A person skilled in the art
can readily understand the relationship between pixels and samples. The description below
focuses on samples.

{80691  According to an embodiment, the video encoder (503} may code and compress
the pictures of the source video sequence into a coded video sequence (543) in real time or under
any other time constraints as required by the application. Enforcing appropriate coding speed is
one function of a controller (550). In some embodiments, the controller (550) controls other
functional units as described below and is functionally coupled to the other functional units. The
coupling is not depicted for clarity. Parameters set by the controller (550} can include rate
control related parameters (picture skip, quantizer, lambda value of rate-distortion optimization
techniques, ), picture size, group of pictures (GOP) layout, maximum motion vector allowed
reference area, and so forth. The controller (550} can be configured to have other suitable
functions that pertain to the video encoder (503) optimized for a certain systern design.

{66781 In some embodiments, the video encoder {503} is configured to operate in a
coding toop.  As an oversimplified description, in an example, the coding loop can include a
source coder (530} (e.g., responsible for creating symbols, such as a symbol stream, based on an
input picture to be coded, and a reference picture(s)), and a (local) decoder (533) embedded in
the video encoder (S03). The decoder (533) reconstructs the symbols {0 create the sample data in
a similar manner as a {remote} decoder also would create {(as any compression between symbols
and coded video bitstream is lossless in the video compression technologies considered in the
disclosed subject matter). The reconstructed sample stream (sample data) is input to the
reference picture memory (534). As the decoding of a symbeol stream leads to bit-exact results
independent of decoder location (local or remote), the content in the reference picture memory

(534} is also bit exact between the local encoder and remote encoder. In other words, the
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prediction part of an encoder "sees” as reference picture samples exactly the same sample values
as a decoder would "see” when using prediction during decoding. This fundamental principle of
reference picture synchronicity (and resulting drift, if synchronicity cannot be maintained, for
example because of channel errors) is used in some related arts as well.

{00711 The operation of the "local” decoder (533} can be the same as of 3 "remote”
decoder, such as the video decoder (410), which has already been described in detail above in
conjunction with FIG. 4. Briefly referring also to FIG. 4, however, as symbols are available and
encoding/decoding of symbols to a coded video sequence by an entropy coder {(345) and the
parser {420) can be lossless, the entropy decoding parts of the video decoder (410), including the
buffer memory (415} and the parser (420} may not be fully implemented in the local decoder
(533}

{0072}  An observation that can be made at this point is that any decoder technology
except the parsing/entropy decoding that is present in a decoder also necessarily needs to be
present, in substantially identical functional form, in a corresponding encoder. For this reason,
the disclosed subject matter focuses on decoder operation. The deseription of encoder
technologies can be abbreviated as they are the inverse of the comprehensively described
decoder technologies. Only in certain areas a more detail description is required and provided
below.

{06731 During operation, in some examples, the source coder {530} may perform motion
compensated predictive coding, which codes an input picture predictively with reference to one
or more previously coded picture from the video sequence that were designated as "reference
pictures." In this manner, the coding engine (532} codes differences between pixel blocks of an
input picture and pixel blocks of reference picture(s} that may be selected as prediction
reference(s) to the input picture.

{0074}  The local video decoder (533) may decode coded video data of pictures that may
be designated as reference pictures, based on symbols created by the source coder (530).
Operations of the coding engine (532) may advantageously be losay processes. When the coded
video data may be decoded at a video decoder {not shown in FIG. 3}, the reconstructed video
sequence typically may be a replica of the source video sequence with some errors. The local
3

video decoder {533) replicates decoding processes that may be performed by the video decoder

on reference pictures and may cause reconstructed reference pictures to be stored in the reference
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picture cache (534). In this manner, the video encoder (503} may store copies of reconstructed
reference pictures focally that bave commoun content as the reconstructed reference pictures that
will be obtained by a far-end video decoder {(absent transmission errors).

{00751 The predictor {535) may perform prediction searches for the coding engine (532).
That is, for a new picture to be coded, the predicior (5335) may search the reference picture
memory {534) for sample data (as candidate reference pixel blocks) or certain metadata such as
reference picture motion vectors, block shapes, and so on, that may serve as an appropriate
prediction reference for the new pictures. The predictor (535) may operate on a sample block-
by-pixel block basis to find appropriate prediction references. In some cases, as determined by
search results obtained by the predictor (535}, an input picture may have prediction references
drawn from multiple reference pictures stored in the reference picture merory (534).

{0076}  The controller {550) may manage coding operations of the source coder {530},
including, for example, setting of parameters and subgroup parameters used for encoding the
video data.

{00777 Output of all aforementioned functional units may be subjected to entropy coding
in the entropy coder {545}, The entropy coder {545} translates the symbols as generated by the
vartous functional units into a coded video sequence, by lossless compressing the symbols
according to technologies such as Huffman coding, variable length coding, aritbmetic coding,
and so forth.

{0078}  The transmitter {540) may butfer the coded video sequencels) as created by the
entropy coder (545} to prepare for transmission via a communication channel (560), which may
be a hardware/software link to a storage device which would store the encoded video data. The
transmitter (540) may merge coded video data from the video coder (503 with other data to be
transmitted, for example, coded audio data and/or ancillary data streams (sources not shown).

{00791  The controller (550) may rnanage operation of the video encoder (503). During
coding, the controller (550) may assign to each coded picture a certain coded picture type, which
may affect the coding techniques that may be applied to the respective picture. For example,
pictures often may be assigned as one of the following picture types:

[0088]  An Intra Picture (I picture) may be one that may be coded and decoded without
using any other picture in the sequence as a source of prediction. Some video codecs allow for

different types of intra pictures, tncluding, for example Independent Decoder Refresh (“IDR™)

1
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Pictures. A person skilled in the art is aware of those variants of { pictures and their respective
applications and features.

{0681} A predictive picture (P picture) may be one that may be coded and decoded using
intra prediction or inter prediction using at most one motion vector and reference index to predict
the sample values of each block.

j0082] A bi-directionally predictive picture (B Picture) may be one that may be coded
and decoded using intra prediction or inter prediction using at most two motion vectors and
reference indices to predict the sample values of each block. Similarly, multiple~-predictive
pictures can use more than two reference pictures and associated metadata for the reconstruction
of a single block.

{80831  Source pictures commonly may be subdivided spatially into a plurality of sample
blocks (for example, blocks of 4x4, 8x8, 4x8, or 16x16 samples each) and coded on a block-by-
block basis. Blocks may be coded predictively with reference to other {already coded) blocks as
determined by the coding assignment applied to the blocks' respective pictures. For example,
blocks of [ pictures may be coded non-predictively or they may be coded predictively with
reference to already coded blocks of the same picture (spatial prediction or inira prediction).
Pixel blocks of P pictures may be coded predictively, via spatial prediction or via temporal
prediction with reference to one previously coded reference picture. Blocks of B pictures may be
coded predictively, via spatial prediction or via temporal prediction with reference to one or two
previously coded reference pictures.

{0084}  The video encoder {503} may perform coding operations according to a
predetermined video coding technology or standard, such as ITU-T Rec. H265  In its operation,
the video encoder (503} may perform various compression operations, including predictive
coding operations that exploit temporal and spatial redundancies in the input video sequence.
The coded video data, therefore, may conform to a syntax specified by the video coding
technology or standard being used.

{0085] In an ewbodiment, the transwitter (540) may transmit additional data with the
encoded video. The source coder (530) may include such data as part of the coded video
sequence. Additional data may comprise teraporal/spatial/SNR enhancement layers, other forms
of redundant data such as redundant pictures and slices, SE{ messages, VUI parameter set

fragments, and so on.
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{00867 A video may be captured as a plurality of source pictures (video pictures) in a
temporal sequence. Intra~picture prediction {often abbreviated to intra prediction) makes use of
spatial correlation in a given picture, and inter-picture prediction makes uses of the (temporal or
other} correlation between the pictures. In an example, a specific picture under
encoding/decoding, which s referred to as a current picture, is partitioned into blocks. Whena
block in the current picture is similar to a reference block in a previously coded and still buffered
reference picture in the video, the block in the current picture can be coded by a vector that is
referred to as a motion vector. The motion vector points to the reference block in the reference
picture, and can bave a third dimension identifving the reference picture, in case multiple
reference pictures are in use.

{66871  In some embodiments, a bi-prediction technigue can be used in the nter-picture
prediction. According to the bi-prediction technique, two reference pictures, such as a first
reference picture and a second reference picture that are both prior in decoding order to the
current picture in the video {but may be in the past and future, respectively, in display order) are
used. A block in the current picture can be coded by a first motion vector that points to a first
reference block in the first reference picture, and a second motion vector that points to a second
reference block in the second reference picture. The block can be predicted by a combination of
the first reference block and the second reference block.

{00881  Further, a merge mode technique can be used in the inter-picture prediction to
improve coding efficiency.

{0089  According to some embodiments of the disclosure, predictions, such as tnter~
picture predictions and intra-picture predictions are performed in the unit of blocks. For
example, according to the HEVC standard, a picture in a sequence of video pictures is
partitioned into coding tree units (CTU) for compression, the CTUs in a picture have the same
size, such as 64x64 pixels, 32x32 pixels, or 16x16 pixels. In general, a CTU includes three
coding tree blocks (CTBs), which are one luma CTB and two chroma CTBs. Each CTU can be
recursively quad-tree split into one or multiple CUs. For example, a CTU of 64x64 pixels can be
split intc one CU of ¢64x64 pixels, or 4 CUs of 32x32 pixels, or 16 CUs of 16x16 pixels. Inan
example, each CU is analyzed to determine a prediction type for the CU, such as an inter
prediction type or an intra prediction type. The CU is split into one or more prediction units

(PUs) depending on the temporal and/or spatial predictability. Generally, each PU includes a

19



WO 2021/101791 PCT/US2020/060281

tuma prediction block (PB), and two chroma PBs. In an embodiment, a prediction operation in
coding {encoding/decoding} is performed in the unit of a prediction block. Using a luma
prediction block as an example of a prediction block, the prediction block includes a matrix of
values {(e.g., lurna values) for pixels, such as 8x8 pixels, 16x16 pixels, Bx16 pixels, 16x8 pixels,
and the like.

[00%8]  FIG. 6 shows a diagram of a video encoder {603} according to another
embodiment of the disclosure. The video encoder (603) is configured to receive a processing
block (e.g., a prediction block) of sample values within a current video picture in a sequence of
video pictures, and encode the processing block into a coded picture that is part of a coded video
sequence. In an example, the video encoder {603} is used in the place of the video encoder (303}
in the FIG. 3 example,

{0091}  In an HEVC example, the video encoder (603) receives a matrix of sample values
for a processing block, such as a prediction block of 8x8 samples, and the like. The video
encoder {603) determines whether the processing block is best coded using intra mode, inter
mode, or bi-prediction mode using, for example, rate-distortion optimization. When the
processing block is to be coded in intra mode, the video encoder (603) may use an intra
prediction technique to encode the processing block into the coded picture; and when the
processing block is to be coded in inter mode or bi-prediction mode, the video encoder (603)
may use an inter prediction or bi-prediction technique, respectively, to encode the processing
block into the coded picture. In certain video coding technologies, merge mode can be an inter
picture prediction submode where the motion vector is derived from one or more motion vector
predictors without the benefit of a coded motion vector component outside the predictors. In
certain other video coding technologies, a motion vector component applicable to the subject
block may be present. In an example, the video encoder {603) includes other components, such
as 2 mode decision module {(not shown) to determine the mode of the processing blocks.

{0092}  Inthe FIG. 6 example, the video encoder {603) includes the inter encoder (630),
an intra encoder {022), a residue calculator (623), a switch (626), a residue encoder (624), a
general controller (621}, and an entropy encoder (625) coupled together as shown in FIG. 6.

{00937  The inter encoder {(030) is configured to receive the samples of the current block
(e.g, a processing block), compare the block to one or more reference blocks in reference

pictures {e.g., blocks in previous pictures and later pictures), generate inter prediction
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information {e.g., description of redundant information according to inter encoding technigue,
maotion vectors, merge mode information), and calculate inter prediction results {e.g., predicted
block) based on the inter prediction information using any suitable technique. In some examples,
the reference pictures are decoded reference pictures that are decoded based on the encoded
video information.

[00%4]  The intra encoder {(622) is configured to receive the samples of the current block
{e.g, a processing block), in some cases compare the block to blocks already coded in the same
picture, generate quantized coefficients after transform, and in some cases also intra prediction
information (e.g., an intra prediction direction information according to oneg or more intra
encoding techniques). In an example, the intra encoder (622} also calculates intra prediction
results {e.g., predicted block) based on the intra prediction information and reference blocks in
the same picture.

[00695]  The general controller (621) 13 configured to determine general control data and
control other components of the video encoder (603} based on the general conirol data. Inan
example, the general controller (621) determines the mode of the block, and provides a control
signal to the switch (626) based on the mode. For example, when the mode is the inira mode, the
general controller {621) controls the switch (626} to select the intra mode result for use by the
residue calculator (623), and controls the entropy encoder (625} to select the ntra prediction
information and include the intra prediction information in the bitstream; and when the mode is
the inter mode, the general controller (621) controls the switch (6206) to select the inter prediction
result for use by the residue calculator (623), and controls the entropy encoder (625} to select the
inter prediction information and include the inter prediction information in the bitstream.

{0096}  The residue calculator (623) is configured to calculate a difference (residue data)
between the received block and prediction resuits selected from the intra encoder (622) or the
inter encoder {630}, The residue encoder (624} is configured to operate based on the residue data
to encode the residue data to generate the transform coefficients. In an example, the residue
encoder {624) 18 configured to convert the residue data from a spatial domwain to a frequency
domain, and generate the transform coefficients. The transform coefficients are then subject to
quantization processing to obtain guantized transform coetficients. In various embodiments, the
video encoder (603} also includes a residue decoder (628). The residue decoder (628} is

configured to perform inverse-transform, and generate the decoded residue data. The decoded

21



WO 2021/101791 PCT/US2020/060281

residue data can be suitably used by the intra encoder (622} and the inter encoder (630). For
example, the inter encoder (630) can generate decoded blocks based on the decoded residue data
and inter prediction information, and the intra encoder (622} can generate decoded blocks based
on the decoded residue data and the intra prediction information. The decoded blocks are
suitably processed to generate decoded pictures and the decoded pictures can be buffered in a
memory circuit {not shown) and used as reference pictures in some examples.

{00977 The entropy encoder (625) is configured to format the bitstream to include the
encoded block. The entropy encoder (625} 1s configured to include various information
according to a suitable standard, such as the HEVC standard. In an example, the entropy
encoder {625) 1s configured to include the general control data, the selected prediction
iwnformation {e.g., intra prediction information or tuter prediction nformation), the residue
information, and other suitable information in the bitstream. Note that, according to the
disclosed subject matter, when coding a block in the merge submode of either inter mode or bi-
prediction mode, there is no residue information.

j00%8]  FIG. 7 shows a diagram of a video decoder (710) according to another
embodiment of the disclosure.  The video decoder {710} is configured to receive coded pictures
that are part of a coded video sequence, and decode the coded pictures to generate reconstructed
pictures. In an example, the video decoder (710) is used in the place of the video decoder (310)
in the FIG. 3 example,

[0099]  Inthe FIG. 7 example, the video decoder {710} includes an entropy decoder (771},
an inter decoder {780), a residue decoder {773}, a reconstruction module (774), and an intra
decoder {772) coupled together as shown in FIG. 7.

{01687  The entropy decoder (771) can be configured to reconsiruct, from the coded
picture, certain symbols that represent the syntax elements of which the coded picture 1s made
up.  Such symbols can include, for example, the roode in which a block is coded {such as, for
example, intra mode, inter mode, bi-predicted mode, the latter two in merge submode or another
submode)}, prediction 1uformation (such as, for example, intra prediction information or inter
prediction information) that can identify certain sample or metadata that is used for prediction by
the intra decoder (772) or the inter decoder (780), respectively, residual information in the form
of, for example, quantized transform coefficients, and the like. In an example, when the

prediction mode is inter or bi-predicted mode, the inter prediction information is provided to the
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inter decoder (780}, and when the prediction type is the inira prediction type, the intra prediction
information is provided to the intra decoder (772). The residual information can be subject to
inverse quantization and is provided to the residue decoder (773).

{0161}  The inter decoder (780) is configured to recetve the inter prediction information,
and generate inter prediction resuits based on the inter prediction information.

[0162]  The intra decoder (772) 18 configured to receive the intra prediction information,
and generate prediction results based on the intra prediction information,

{0103} The residue decoder (773) is configured to perform inverse quantization to extract
de-quantized transform coefficients, and process the de-quantized transforn coefficients to
convert the residual from the frequency domain to the spatial domain. The residue decoder (773}
may also requite certain control information (to include the Quantizer Parameter (QP)), and that
information may be provided by the entropy decoder {771} (data path not depicted as this may be
tow volume control information only}).

{0104f  The reconstruction module (774) is configured to combine, in the spatial domain,
the residual as output by the residue decoder (773} and the prediction results (as output by the
inter or intra prediction modules as the case may be} to form a reconstructed block, that may be
part of the reconstructed picture, which in turn may be part of the reconstructed video. It is noted
that other suitable operations, such as a deblocking operation and the like, can be performed to
improve the visual quality.

[0185] It is noted that the video encoders (303}, (503), and {603), and the video decoders
(310), (410}, and (710) can be implemented using any suitable technique. In an embodiment, the
video encoders (303), (503), and (603), and the video decoders (310}, (410}, and (710) can be
implemented using one or more integrated circuits. In another embodiment, the video encoders
{303}, {503), and (603), and the video decoders (310}, (410}, and (710) can be implemented
using one ot more processors that execute software instructions.

{61861 1L Triangle Partition Mode (TPM) for Inter Prediction

19167} fn some cases, a TPM can be supported for inter prediction. The TPM can only
be applied to CUs that are 8x8 or larger. The TPM can be signaled using a CU-level flag as one
kind of merge mode, with other merge modes, such as the regular merge mode, the MMVD

mode, the CHP mode, and the subblock merge mode.
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{0168}  When the TPM is used, a CU can be split evenly into two triangle-shaped
partitions, using cither a diagonal split or an anti-diagonal split, as shown in FIGs 8A and 8B for
example. Each triangle partition in the CU can be inter-predicted using its own motion
parameters. Only uni-prediction can be allowed for each partition. That is, each partition has
one motion vector and one reference index. The uni-prediction motion constraint is applied to
ensure that the triangle partition is the same as the conventional bi-prediction. That is, only two
motion compensated predictions are needed for each CU. The uni-prediction motion for each
partition can be derived using the process described in F1Gs. 1A-1D.

{01091  If the TPM is used for a current CU, then a flag indicating a direction (diagonal or
anti-diagonal) of the TPM and two merge indices {one for each partition} can be further signaled.
The maximum TPM candidate size can be signaled explicitly at the shice level and specity syntax
binarization for the TMP merge indices. After predicting each of the triangular partitions, the
sample values along the diagonal or anti-diagonal edge can be adjusted using a blending process
with adaptive weighting values. After deriving the prediction signal for the whole CU, transform
and quantization process can be further applied to the whole CU as in other prediction modes.
Finally, the motion field of the CU that is predicted using the TPM can be stored.

{0118}  In some cases, the TPM cannot be used in combination with subblock transform
(SBT). That is, when the sigualed triangle mode ts equal to 1, the cu_sbt flagis inferred tobe 0
without signaling,

0111} IL1 Uni-prediction candidate list construction

{0112} The uni-prediction candidate list can be derived directly from the merge candidate
list constructed according to the extended merge prediction process. Denote N as the index of
the uni-prediction motion in the triangle uni-prediction candidate list. The LX motion vector of
the N-th extended merge candidate, with X equal to the parity of N, is used as the N-th uni-
prediction motion vector for TPM. These motion vectors are marked with “X” w0 FIG. 9. In
case a corresponding LX motion vector of the N-the extended merge candidate does not exist,
the L{1-X} motion vector of the same candidate is used instead as the uni-prediction motion
vector for TPM.

0113 11.2 Blending along trisngle partition edge

{0114}  After predicting each triangular partition using its own motion parameters, the

blending process can be applied to the two prediction signals to derive samples around the
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diagonal or anti-diagonal edge. The following weighting values are used in the blending process:
{7/8, 6/8, 5/8, 4/8, 3/8, 2/8, 1/8} for luma and {6/8, 4/8, 2/8} for chroma, as shown in FIGs. 10A
and 10B.

{0115}  In some cases, the motion vectors of a CU coded in TPM can be generated using
LG and the other from L1}, then Myl and Mv2 are simply combined to form the bi-prediction
motion vector. Otherwise, if Mvl and Mv2 are from the same list, only uni-prediction motion
Mv2 is stored.

09116} L Geometric Merge Mode (GEQ)

j0117F  Techniques related with geometric merge mode (GEQ) are described in: (i} Han
Gao, Semih Esenlik, Elena Alshina, Anand Meher Kotra, Biao Wang, Max Blaser, Johanves
Sauer, “CE4: CE4-1.1, CE4-1.2 and CE4-1.14: Geometric Merge Mode (GEQ)”, JVET-P000S,
Joint Video Experts Team (JVET) of ITU-T SG 10 WP 3 and ISO/AEC JTC 1/SC 29/WG 1,
16th Meeting: Geneva, CH, 1-11 October 2019; (i1) Han Gao, Semih Esenlik, Elena Alshina,
Anand Meher Kotra, Biao Wang, Max Bliser, Johannes Sauer, “Simplified GEG without
mudtiplication and minimum blending mask storage”, IVET-P0884, Joint Video Experts Team
(JVET) of I'TU-T SG 16 WP 3 and ISG/AEC JTC 1/8C 29/WG 11, 16th Meeting: Geneva, CH,
111 October 2019; (i) Kevin Reuzél, Chun-Chi Chen?, Han Huang3, Wei-Jung Chien, Vadim
Seregin, Marta Karczewicz, Ru-Ling Liao4, Jie Chen5, Yan Ye, Jiancong Luo, Max Blaser,
Johannes Sauer of [TU-T 3G 16 WP 3 and ISO/IEC JTC VSC 29/WG 11, 16th Meeting:
Geneva, CH, 111 Getober 2019, The documents of JVET-P0OO6S, IVET-P0884, and JVET-
POO8S are incorperated by reference herein.

{0118}  Geometric merge mode (GEQO), also referred to as geometric partitioning mode
{(GPM), can support a plurality of different partitioning manners. The partitioning manners can
be defined by angles and edges. For example, 140 different partitioning manuvers can be
differentiated by 32 angles {quantized between 0 and 360° with 11.25° of equal separation) and &
edges relative to the center of a CU.

j011%}  FIG 11 shows an exemplary GEQ. In FIG. 11, an angle @, represents a quantized
angle between 0 and 360 degrees and a distance offset p; represents a quantized offset of the
largest distance puax. The value of pua can be geometrically derived by Eq. 5 foreitheraw orh

that is equal to § and scaled with log2 scaled short edge length. The variables h and w represent
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the height and width of the current block. When ¢ 1s equal 10 0%, ppg is equal 1o w2, When ¢ is
equal 10 90°, pray 15 equal to 2. In Eq. 1, puaein =1.0 15 to prevent the split boundary from being

too close to the comer of the current block.

- S h w ki . -
P (@, W, 1) = cos{g) (——— ] + 7) ~ Prnargine B <@ << (Eq. 5
e TR ) -

{0120}  Each partition mode (i.e., a pair of an angle index and an edge index) in GEQ can
be assigned with a pixel-adaptive weight table to blend samples in the two partitioned parts. The
weighting value of a sample can range from for example 0 to 8 and be determined by the 1.2
distance from the center position of a pixel to the edge. A unit-gain constraint can be followed
when the weighting values are assigned. For example, when a small weighting value s assigned
to a GE( partition, a large complementary one is assigned to the other partition, summing up to
8.

j0121} IV, Weighted Sample Prediction Process for GEQ

{0122}  1V.1 Blending weight calculation

{01231 In GEOQ, a final sample predictor Py can be derived with two 3-bit blending masks
{(i.e., weighting values or weighting factors) Wy and W, and two predictors Pg and Py according
to Eg. 6.

Py = (WePy + WP, +4) >3 (Eq. 6)

{0124}  The blending masks Wy and W, can be derived from a look-up table based on
their weighting indices. A blending weight index {also referred to as a blending weight in some
contexts) can be derived based on a distance between the sample position {(x, v} and the split

boundary, as shown inEq. 7.

wildx{(x,v) = x % cos{p) +y X cos ((p + -}) (p + -‘-;-? *x cos{p) + 321- X Cos ((p + %)) (Eq. 7

where
n
) ,fh ., oW )
=1iX U\"é' X tan{g) + "E\) X cos(@) - i:jmargm)lln (Eq. 9)
. w ) h T - .
=iX {(7; X cos(@) + E X cos(g + '—Z)\’ - pmarf.{in:)//n’ {Eq. 10
7 :

[0125]  In Eq. 10, n represents the total distance quantization steps, and 1 represents the
distance step index for the GEO with the angle ¢, and i<n.
26
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j0126}  Finally, the blending masks Wy and W {or the weighting values} of the sample
can be set using Table 3 denoted as GeoFilter, as shown in Eqg. 11.
weight{(x,v) = widx(x,y) < 07 GeoFilter{{widx{x, v){] : € — GeoFilterfiwidx{x,v}1] (Eg 11

{01273 An exemplary weighted sample prediction process is described as follows. Inputs
to this process include two variables nCbW and nCbH specifying the width and the height of the
current coding block, two (nChWix(nCbH) arrays predSamplesL A and predSampleslB, a
variable angleldx specifying the angle index of the geometric partition, a variable distanceldx
specifying the distance idx of the geometric partition, and a variable cldx specifying a color
component index. Outputs of this process include a (nCbWx(nCbH) array pbSamples of
prediction sample values and a (nCoW>>2x(nCbH>>2} array motionldx.

i6128]  The variable bitDepth can be derived as follows: if cldx=(, bitDepth=BitDepthY;
otherwise, bitDepth=BitDepthC.

{0129} The variables shifti=Max(5, 17-bitDepth)} and offsetl=1<<(shift1-1)}.

{01387 The weights array sampleWeightLIx}ly] for luma and sampleWeightClx}{y] for
chroma with x=0. nCbW—1 and y=0..nCbH—1 can be derived as follows:

{0131} The variables widx=log2{(nChW) and hldx=log2{(nCbH).

{0132}  The variable whRatio=(widx>= hldx)?widx—hldx hldx-wldx, scaleldx={widx >=
hidx )?hldx—3 widx-3.

{01331 The variables displacementX=angleldx and
displacement Y =(displacementX+8)%32.

{0134}  The variable angleN=(widx>=hldx)?{(angleldx>>3& 1)7angleldx %88~
angleldx%8 (angleldx>>3&1)78-angleldx%68 angleldx %68,

{0135}  The variable rho can be set to the following value using the fook-up tables
denoted as stepDis and Dis, specified in Table 1 and Table 2.
rho=distanceldx*(atepDis{whRatic|[angleN <<scaleldx }+{Dis{displacementX | <<<wldx y+{Dis[dis
placementY [<<hidx}.

{0136]  The variable weightldx and weightidx Abs can be caleulated using the look-up
Table 2 with x=0.nCbW—1 and y=0.. .nCbH-1L.
weightlds=({x<<1 3+ 1y*Disfdisplacement X J+{y<<1y+1)}y*Dis{displacementY |-tho.
weightldx Abs=Clip3(0, 26, {(abs{weightldx)+4} >>3).

{0137}  The variable partidx can be set to weightldx>0, if x=0 and y=nCbhH-1.

2
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j0138}  The value of sampleWeightL{x][v] with x=0. nCbW—1 and y=0..nCbH-1 can be
set according to Table 3 denoted as GeoFilter,
sampleWeightL[x [y =weightldx<=07GecFilter]weightidx Abs]:8—GeoFilter[weightidx Abs].
{0139}  The value sampleWeightC{x}[y] with x = 0. nCbW-1 and y=0. nCbH-1 can be
set as follows: sampleWeightClx}{v =sampleWeightL[{(x<<(SubWidthC-
DI(y<<{SubHeightC-1)].

Table 1
whiRatioe 0 0 0 0 0 0 0 0 i 1 i i i 1 i i i
angleN 0 i 2 3 4 5 [ 7 8 0 1 2 3 4 3 ) 7 8
step Bis
fwhRatie] { 77 | 95 {108|116{119\ 1161108 95 [ 77 | 77 {1151 147{1731192{202|2031195179
{ angleN}
whRatio 2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 3
angleN O i 2 3 4 § [ 7 3 0 2 3 4 5 6 7 8
stepDis | 77 |155i226|287{336|37213092|3961384| 77 {235{382{515]626{712|7701798|794
{whRatio]
| angleN}
Table 2
idx [\ i 2 3 4 5 6 7 8 9 W0 12§13 i4 1 15
Brisiidxi 64 1 63 | 39 1 53 1 45 1 36 | 24 ¢ 12 G {-12 )24 {-361 45| 53| -39 |63
idx o1 17 1 18 0 19 | 20 1 21 1 22 1 23 4 24 1 25 126 1 27 28 {29 | 3¢ { 31
Disjidx] B4 1631390530 45136240 -12 1 O 12 1 24 1 36 | 45 | 33 | 59 | 63
Table 3
idx 4] i 2 3 4 5 6 7 3 9 16§ i1 ] 12 {3
GeoFilterfidx] 4 4 4 3 5 3 5 5 5 3 5 & 6 )
idx 4015 1 te 17 118 1 19 ) 20 1 21 | 22 123 124 1 25 26
GeoFilterfids} | 6 | 6 | 6 {6 1 7 1 7171721 717171718

{0146} IV.2 Minimom blending weight mask storage

{0141}  In order to reduce the storage requirement of the pre-caleulated blending masks, a
minimum blending mask storage method can achieve an 84-91% memory requirement reduction
for the blending weights storage.

{01421  Let g sampleWeighty | | represent the pre-defined masks for blending weights.
Assuming that N represents the number of pre-defined masks in each set, and N is set to NA>>1,
where NA is the number of angles supported in GEG. M XM represents the size of the pre-
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defined masks for the blending weights, and M is set to 128+({(ND-1px{(128>>8))<<1, where ND
is the number of steps supported in GEO and 5 is set to ND-1. For the 32 angles with S steps
setting, N is set to 16 and M is set to 192, For the 24 angles with 4 steps setting, N is set to 12
and M is set o 224

{01431 For a block of size WxH with geometric partitioning index K| the blending
weights for luma samples are derived as follows. Variables angle ¢ and distance p are obtained
from a look-up table using the geomeltric partitioning index K. Varjables offsetX and offsetY
cart be calculated as follows:

M=Wiy»1, %N = Sor (%N # OandH 2 W

ndH 2 W) (Eq. 12)
WI» 1+ <N2(pxW)»5:~{(p x W)} » §), otherwise ‘

v = b
of fsetX = E((M

%N = Bor(p%N = 0andH = W) (Egq. 13)

{(M-H)y»U+p<NpxH)»$:~{(pxH)» S},
{of fsetY =
(M — HY » 1, otherwise

sampleWeight; [x1ly] = g_sompleWeight; o % Ni[x + of fsetXly + of fsetY} {Eg. 14)

{0144}  An exemplary weighted sample prediction process with minimum blending
weight mask storage for GEQ is described as follows. Inputs to this process inchade two
vartables nChW and nCbH specitying the width and the height of the current coding block, two
(nCObW)x(nCbH) arrays predSamplesl.A and predSamplesLB, a variable angleldx specifying the
angle index of the geometric partition, a variable distanceldx specifying the distance 1dx of the
geometric partition, and a variable cldx specifying a color component index. Outputs of this
process include a (nCbW)x{nCbH)} array pbSamples of prediction sample values and a variable
partidx.

{6145} The variable bitDepth can be derived as follows: if cldx=0, bitDepth=BitDepthY;
otherwise, bitDepth=BitDepthC.

81461  The variables shift1=Max(5, 17-biiDepth) and offseti=1 <<{shifti—1).

[01477  The weights array sampleWeightL{x][y] for luma and sampleWeightClx]{v] for
chroma with x=0. 0CbW—1 and y=0..aCbH—1 can be derived as follows:

{0148}  The variable hwRatio=nCbH/nCbW.

{0149}  The variables displacementX=angleldx and
displacementY={displacementX+81%32.

[0158]  The variable parntldx={angleldx>=13&& angleldx<=27)? 1.0
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j0181}  The variable rho can be set to the following value using the look-up Table 2.
rho=(DisfdisplacernentX]<< 8y+(Disldisplacement Y }<<8}.

{61521  If one of the following conditions is true, the varnable shiftHor=0: {1}
angleldx%16=8; and (2) angleldx%16!=0 and hwRatio=1. Otherwise, shiftHor=1.

{01531 If shifiHor=0, offsetX=(256—nCbW)>>1,
offset Ve={256-nChH)>> 1+angleldx <1 67(distanceldx*nCbH}>>3 ~{({distanceld< *nChH)>>3).

{0134} Otherwise, if shiftHor=1,
offsetX=(256-nChW)>>+angleldx<167{distanceldx *oCb W >>3 ~({distanceldx * nCb W >>3),
offsetY=(256—nChbH)}>>1.

{0155}  The variable weightidx and weightidx Abs can be calculated using the look-up

welghtids=(({x+offsetXj<<)+1y*Dis{displacement X +{({(y+offset Y y<<1)+1))*Dis[displacemen
tY}-rho, weightldx Abs=Clip3(0, 26, abs(weightldx)).

{0156}  The value of sampleWeightL] x [ y | with x=0. nCbW—1 and y=0. nCbH-1 can
be set according o Table 3 denoted as GeoFilter.
sampleWeightl [x]{yl=weightldx<=0?GeoFilter{weightidx Abs] 8—GeoFilter{weightldx Abs].

{0187} The value sampleWeightC{xiy] with x=0. nChW-1 and y=0..nCbH-1 can be set
as follows: sampleWeightClxivi=sampleWeight L{{x<<{SubWidthC-1 N {y<<(SubHeightC-
)¢

D158] V. Moetion Vector Storing Process for GEO

181591 V.1 TPM-like motion vector derivation

{0168}  In some cases, luminance sample weights at four corners of a 4x4 motion storage
unit can be summed up. The sum can be compared with two thresholds to determine whether
one of two uni-prediction motion information and bi-prediction motion wnformation is stored.
The bi-prediction motion information can be derived using the same process as TPM.

{0161} An exemplary motion vector storage process for GEQ is described as follows.

{0162}  The array motionldx{xSbldx ] ySbldx] with xSbldx=0.. (nChW>>2}-1 and
ySbldx=0{(nCbH>>2}-1 can be derived as follows:

{01631  The variables threshScaler=(widx-+hidx}>>1)-1, threshLower
=32>>thresh8caler, threshUpper=32—threshLower,
Cnt=sampleWeight LI {(x Sbldx<<2}}[ {(y Sbldx<<2}}+sampleWeight L] (xSbldx<<2}+3{{{(ySbldg<<
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2yHsampleWeight LI (xSbldx<<2}}[(ySbldx<<2y+3 HsampleWeightL{(x Sbldx<<Z 3 H{ySbidx<
<2yH3], Cot=partldx?32-Cnt:Cnt,
motionddx{xShldx{{yShldx|=Cnt<=threshLower? 0:Cnt>=threshiipper?1.2.

{0164}  If the merge geo flagixChi[yChl=1, sType=motionldx{xSbldx{ySbldx] with
xSbldx=0 numSbX—1, and ySbldx=0_num8bY-1.

{0165} V.2 Simplified motion vector storage process

{0166}  In some cases, the motion vector storage process is further simplified. The
distance between the central position of a 4x4 motion storage unit and the split boundary can be
calculated and compared with a fixed threshold to determine whether uni- or bi-prediction
motion information is stored for the 4x4 motion storage unit. The sign of the distance indicates
which uni-prediction motion information should be stored in the uni-prediction storage case.

The dependency of blending mask and motion storage can be removed.

{0167} If the merge geo tlagfxChi{vChi=1, wids=log2{cbWidth), hidx=log2({cbHeight),
whRatio=(wldx >= hidx)?wids—hldxhidx—wldx, scaleldx={wldx>=hldx}?hidx—3 wlidx—3,
displacementX=angleldx, displacementY={displacementX+8)%632,
angleN={widx>=hldx}?{(angleldx>>3&1}?angleldx% & 8—angleldx%8 (angleldx>>3&1378-
angleldx%o8 angleldx%8.

{0168}  The variable rho is set to the following value using the look-up tables denoted as
steps and Dis, specified in Table 1 and Table 2.
rho=distanceldx*(atepDis{whRatic}[angleN <<scaleldx }+{Dis[displacementX | <<wlid y+{Dis] dis
placementY [<<hldx} .

{0169}  The variable motionOffset is set to the following value using the look-up tables
denoted as Dis, specified in Table 1 and Table 2.
motionOffset=3*Dis[displacement X}+3*Dis[displacement Y] .

[6178]  The variable motionidx is calculated using the look-up Table 2 as follows:
motionkdx=({xS8bldx <<3)}+1)*Dis[displacementX+{{(xSbldx<<3y+1)y*Dis[displacement Y}~
rhotmotionOffset.

{0171} The variable sType is derived as follows: if partldx=1,
sType=abs{motionldx }<25672 :motionkldx<=071.0; otherwise,
sType=abs(motionldx}<25672:motionidx <= 070:1.

{0172} V.3 Minimum motien vector storage process

3l
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{01731 Toreduce the memory needed for storing the masks for motion field storage, ina
process, all the wnformation from a pre-defined mask can be detived for the masks of motion
field storage. This process is invoked when decoding a coding unit with
MergeWedgeFlag{xCbl[yCb]=1. Inpuis to this process include a luma location (xCb, yCh)
specifving the top-left sample of the current coding block relative 1o the top left luma sample of
the current picture, a variable chWidth specifying the width of the current coding block in luma
samples, a variable cbHeight specifying the height of the current coding block in luma samples,
the loma motion vectors in 1/16 fractional-sample accuracy mvA and mvB, the reference indices
refldx A and refldxB, and the prediction list flags predlisiFlagA and predListFlagB.

{0174}  The variables numSbX and numSb¥ specifying the number of 4x4 blocks in the
current coding block in horizontal and vertical direction are set equal to numShbX=cbWidth>>2
and numSbY=cbHeight>>2

{0175}  The variables displacementX=angleldx, displacementY=(displacementX+8)%:32,
hwRatio=n{CbH / nCbW.

[0176]  If one of the following conditions is true, the variable shiftHor=0: (1)
anglelds%16=8; and (2) angleldx%16!=0 and hwRatio=1. Otherwise, shiftHor=1.

10177 The variable partldx=(angleld>=13&&angleldx<=27)71.0.

[0178]  If shifiHor=0, offset X=(64-numShX}>>1,
offsetY=(64—numSb¥)>> +angleldx<167(distanceldx*nChH P> 5 —({distanceldx*nChH)>>5).
Otherwise, if shiftHor=1, offsetX=(64-
numShX > 1+angleldx<167(distanceldx*nChbW)>>5 —({distanceldx *nCbW)>> 5},
offsetY=(64— numSb¥)>>1.

{6179}  The value of the variable rho is derived according to the equation below and the
Dis lookup table specified in Table 2. rho=(Dis{displacementX J<<8)+(Dis[displacerentY]<<8}.

[0180f  The variable motion{}¥set is set equal to the following value using the look-up
tables denoted as Dig, specified in Table 1 and Table 2.
motionOffset=3*Dis[displacement X +3*Dis[displacementY] .

{0181}  For each 4x4 subblock at subblock index (xSbldx, ySbidx) with
xSbldx=0. numSbX-—1, and y3bldx=0 num8bY-1, the variable motionldx is calculated using

the lock-up Table 2 as follows:
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motionkdx=({{(xSbldx+offsetX )<< 1 ¥ Dis[displacement X +H{{{xSbldx+offset Y <<3)+1)y*Dns[d
isplacementY j-rhotmotionOffset.

{6182 VI Blending Process and Motion Field Storage

{01831  In GEO as described in Sections HI, IV, and V, the weighted sample prediction
process and motion field storage determination are computationally expensive.  In some
examples {e.g , as described in Section IV .1 and V. 1), if the blending weights and the stored
motion vector type are calculated on-the-fly, the number of multiplications, shifts, and additions
for a block of size WxH samples can be as follows:

- Multiplication: 3+2xWxH+O<{(WxH/16)

- Shift; 6+3xWxH+8x{(W=H/16)

- Addition: 10+H0=WXH+7«(WxH/16)
For example, for an 8x8 block, 2.04 multiplications, 3.09 shifts and 6.16 additions are required
per sample. In addition, three look-up tables are used for the on-the-fly calculations in some
examples. The pin Eq. 4 is a complicated function with floating-point operations, and is
realized by using a look-up table. Other two look-up tables are a cos{. ] value lookup table and a
transform table for converting a blending weight index to a blending weight value. Therefore, it
is computationally demanding to calculate blending weight masks and motion vector type masks
for each GEO coded blocks on-the-fly.

{01841  In order to reduce the computational complexity, the blending weight masks and
the motion vector storage type masks can be calculated and stored in a memory in advance in
some examples. However, the huge memory storage size is a design challenge. Taking the 140-
mode variation of GEO as an example, the memory needed to store that information can be
calculated as follows:

- Forblending weights: (Bx 8+ 8x 16 +8x324+8x64+16x8+16x 16+ 16x
324+ 16X64+32X8B4+3EZX16+32X32+32X64+64xB+64x16+64 %32+
64 x64+64x128+128x 64+ 128x128) x 140 x4 = 26,414,080 bits =
3,301,760 bytes = 3.3 Mbytes

-  Formotion field storage:(2x2+2x44+2%x8+2x 16+ 4 X2+ 4X4+4Xx8+4x
164+8X2+8x4+83xB+8X16+16x2+16%x4+16x8+16x16+16%x 32+
32X 16+ 32 X32)x 140 x 2 = 825,440 bits = 103,180 bvtes = 103 Kbytes
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j0185}  Based on the above calculation, memory storage requirement for three variations
of GEO 1s listed 1o the Table 4;
Table 4
140 partitioning 108 partitioning 80 partitioning
modes modes modes
biending weights 3,301,760 bytes 2,547 072 bytes 1,886,720 bytes

motion storage

103,180 bytes

79,596 byies

58,960 byies

Overall

3,404,940 bytes
~ 3 4 Mbytes

2,626,668 bytes
~ 2.6 Mbytes

1,945,680 bytes
~ 1.9 Mbytes

[0186]

Duue to the large number of partitioning modes, it may be difficult to store all the

adaptive weights and the motion vector type masks for motion field storage tor each block size
and partitioning mode in practical implementations. In order to reduce the memory veeded for
storing the adaptive weights and the motion vector type masks for motion field storage, two sets
of pre-defined masks, one for the blending weights derivation and the other for the masks of
motion field storage, can be employed using the techniques described in Sections IV.2 and V 3.
The memory needed for the blending weights and the mask for motion field storage can be
reduced. But the amount of required memory is still large for practical implementations.
Assume N is set to Ny >> 1, where Ny is the number of angles supported in GEQ, and M is set to
128 + {((Np — 13 # (128 >> 833 << 1, where Ny is the number of steps supported in GEQ mode,

and 8 is setto Np — 1. The number of bits needed to store the pre-defined masks are listed as

follows:
- Forblending weights: (M X M) X N x 4
- For motion field storage:{M x M)/16 X N x 2
{01877  Memory storage requirement for three variations of GEO is listed in the Table 5
below:
Table S
140 partitioming modes | 108 partitioning modes 80 partitioning
modes
blending weights 294,912 bytes 401,408 bytes 301,056 bytes
motion storage 9,216 bytes 12,544 bytes 9,408 bytes
Overall 304,128 bytes 413,952 bytes 310,464 bytes
Previous design 3,404,940 bytes 2,626,668 bytes 1,945 680 byies
% of reduction 91% 84% 84%

10188

Embodiments to further simplify the weighted blending process and the motion

field storage process in GEO are described below. The technigues in these embodiments enable
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on-the-fly weighting factor calculation and motion vector storage type determination with a
small fook-up table of irigonometric values {e.g., cosine values),

{01891  As described, the blending weight masks of the geometric merge mode can be
derived from the distance of the sample position and the split boundary using lock-up tables with

Eg. 7 and Eq. 9 that are reproduced below.

. , n
widx{x,v) = x X cos(@) +y X o3 (g(; + E)

W h * - (Eq. 7)
- (p +~2u>< cos{@) —e—-ﬁx oS (q) +~2~))
where
hoo W oy
] (-E X tan{@} + “;j‘) X cos(p) - Proargin T (Eg. 9
p=ix - ,WhereOSg@<§ )

{01801  In Eqg 3, the @ represents the angle value corresponding to the partition edge and
the p is the distance between the center of the current coding block and the split boundary. In
Eg. 5, the n represents the total number of distance quantization steps, and the i represents the
distance step index for the GEO partition with the angle ¢. The shifted back pyy, value in Eq.
5 is to avoid that the split boundary is too close to the corner of the current coding block. Asan
example, the typical value of Py, for the 848 block can be 1.0 in some examples.

{0191}  Block and angel dependent g0, 4in

{8192} In an embodiment, the value puarea 10 Eq. S, which is used to avoid that a split
boundary (a partition edge) is too close to the corner of a coding block, i3 not a constant. For
example, the value Oy, can vary depending on a block width and/or height and/or ¢ (the angle
of the split boundary).

{0193}  The value ppargia can be defined to be a function of the GEO partition angle @
and the width and the height of the current coding block. For example, the puargin can be

derived from the following equations:

Pmargin = ((W » 3 X+ 3)x tan(qa_}) x co s{g) (Fq. 15)
i ) T ;
={w» 3)xcos{g)+{h>3)xcos ((p + E) (Eq. 16)

{0194]  According to the Eq. 17 and Eq. 18, the distance offset p can be simplified as

shown below.
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s
p ' cos{@) X ( —{(w » M) - €08 {\(p T~2-:) A (m —{(h>» 3)) (Eq 17)
=i X
n
3iw 3ik T -
Lo () ot Bg. 18
= X cos{g) - ® €OS (q}+2} (Eq. 18)

Accordingly, calculation of the distance offset p can be accomplished by shift, multiplication,
and addition operations in addition to cosine value lookup table operations. The calculation has
been simplified compared with using a constant g, value.

jB195] Blending weight index calculation on-the-fly with a single look-up table

[6196]  In an embodiment, only a look-up table for cosine calculation is used during the
blending weight index calculation. As a result, all the weighting index calculation may be
implemented on-the-fly without checking a large table for storing blending weight masks.

{0197f  Based on the above Eq. 18, the blending masks of GEO derived from the distance

of the sample position to the split boundary as shown in Eq. 3 can be further simplified as

follows.
, ; W ‘ I e (Y -
wildx(x,y) = (x - mzw:} X cos{(@)+i{y— 3 X cos{ ¢+ ~2-/) —p {Eq. 19}
’ /
Y (L mN (3w o 3k
= {x ) x cos(@) + ( ;/} ¥ ces(g) : 2) (M x cos{@) ek (Eq. 20)
cos ((ﬂ + *))

/ W\(*@?’*SE) ) " hx {(4n+30)

=(xm )xcas(¢)~<y—~w
an (Eq. 21)

7/ .
X ¢os ( @+ -2)
{0198}  If the distance step number n ig a value of a power of 2, the division operations in
Eg. 21 can be realized by using right shift operations as shown in Hq. 22, with or without

rounding oftset before the right shifts.

= {:x ({w < {(dn + 30 )3 B3 (3 +logy ny ) > X cos{p)
widx(x, y) ~ (v~ ((nx @n+30)» 3+ log, np}) (Eq. 22)
\. o n .
X ¢S ((_;) + ~2—>
{01991  According to Eq. 22, the blending weight index for each sample can be obtained

by using multipliers, adders, and one cos[. | look-up table. Also, Eq. 20 shows that only one
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cosl.] table is used for the blending weight index of all samples within the current CU. It also
gives a hint that this cos{.] value could be accessed once and then be propagated to all samples
within the current CU for the weight index calculation.

0260]  Integer-ouly calculation

{02011 In an embodiment, in order to avoid floating-point operations, components for
deriving the blending weight index can be scaled up, resulting in a scaled-up value of the weight
index. The scaled-up value can later be scaled back to its normal value range.

{0202} For example, each cosine value in the cos|. ] lookup table can be realized as a m-
bit fixed-point value, where m may be a positive value such as 6 or 3. In addition, the sample
center 18 also adopted 1n digital image with discrete sampling for the blending weight index
calculation. The weight index widx(x, y) can be scaled with a scaling factor of 2" to avoid
the floating-point operation and to compensate the discrete sampling situation. The Eq. 22 can
thus be rewritten as Eq. 23. To keep relatively high precision, rounding offset may be applied.

/

((w = (4 +a) « 1
= ({(x«' 1)+1) <<3),,L\“ (4n+30)) < )

s

x cos{e]
n

7

i) | : ((h X (4n+30)) « 1\3‘ (Eq. 23)
(((}’ W+ 1)KL 3} _

i
\ /

X £OS [(ﬂ “Z"]

are implemented as a m-bit look-up table.

where cos[q] and cos {(p +3
0283} if the distance step number n i3 a value of a power of 2, the division operations in
Eq. 23 can be realized by using right shift operations as shown in Eq. 24. Rounding offset may
also be applied.
= (({\(\c X +1) 3} - (((W % (4n+30)) « 1) » log, n))
% cos{p]
widx(x,y) (( (y )« 5) (Eq. 24)

AY

L{;‘x(éln—k%z) K ), ug»n))Xeos[thg}

{02641  Angels in four quadrants

l4d
~d
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j0203F  In an embodiment, weighting index calculation may be implemented by using
different formulas, depending on the quadrant of the angle ¢ of split boundary. For example, for
the split boundary calculation, both of the value of cos{g) and cos (ap -g) can be positive.
Accordingly, four different blending weight mask formulas can be used for the partition angle
index corresponding to four different quadrants. The blending weight index equation for four

different quadrants is shown below.

widx{x,y) =
(x - M’X(L;Z—PulE) % cos{g) — E; ‘ h}\(zgl+3l)) X €08 {(p + - ) when 0 < ¢ < Z
T w X {(4n — 30 { kX {4n+3i) 2
(x—mmng-am)st(qo) ( -——-—-—----§------—-—>><gos ((p wheﬁ ~2~ags< s N
(X_H;EM)X(M@ ( M}xwi (W“} whenm < ¢ <o (Eq. 25)
8n 8 2
(X_W\(M:av n ( hx (4n—30Y NN 3w
} T ) X cos w) + - 5 }owhen — <@ <2n

\
{0206} Row-by-row and columu-by-column based blending weight index caleulation
{82671 In an embodiment, the weight index widx{(x, v} can be calculated row by row, 1 e,

the vaiue of the current row, widx(x, v}, is derived based on the value of a previous row widx(x,

y-1). Alternatively, the weight index wldx(x, v} can be calculated column by column, i.e,

weight tndices of the current column, wids(x, y), is derived based on weight indices of a

previous column, wldx{(x-1, v}.

{0208}  For the saraple position (x,y), the blending mask can be derived by using Eq. 26-

28 based on the Hg. 23,

/. 4 4An + 3 ) 1
= (K(((x—l)*i) <<1,;+1§ « 2/_((% x { nn 15) )>><c(~;s[@}
Wi ) / ) / (Eq. 26)
l oo (dn + 3 i !
Q{((V« D+1)« 3\ K( @ :, ) < ﬂ;%ms[qwg]
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4

[ N \ w X {4n + 3i) <<1\
= ({1 « 4) X cosig] + f ((((‘( -1} « ﬂ + 1) & g} - (( ; ) )
, {h x (4n +30)) « 1) (Eg. 27)
x cosfg] (((}’ KD+ K %} (k - 3) /3
/
A
X ¢os [ap + ZE
= {1 «4) xcosfe] +widx{x —1,y) {Eq. 28}

{82097  Asshown in Eq. 26, the weight index widx{(x, y) can be derived from the
blending weight index of the neighboring left pixel of the previous column with a fixed offset
value. The fixed offset value is cos{@), which is a simple look-up table value with a
corresponding angle index, with a scaling factor. Therefore, only one columun of blending weight
index values is required for mask storage. The other columns of weight indices can be
determined by using the blending weight index values of the previous column with a fixed offset
value.

10210}  For the sample position {(x, ¥}, the blending mask or blending weight index of this

pixel sample can also be derived by using Eq. 29-31 based on the Eq. 23.

/ 7.
[, . wxdn+30) « ii.>\

=t {{tey+y« 3) -2 — } x cos[g]
\ /

y
widx{x, v}

( (‘((((ﬁy -1+ 1)« 1) + 1:‘; « 3) ( -

\

(B x (4n +3i)) « 1)\ (Eq. 29)
/
I
“ cus E:p + j

= {1 « 4} x cos <p+ +

/ rx (dn 4+ 3w 1 ‘
(«(X«l){»l)«ﬂ K("‘X(nn ) ))
\ - |

/

n

{(hx (4n +30)) « 1) ) {Eq. 30}

i
z

s

{
» cosfp] ( (y-1)«<1}+ 1} & 3) o
\crsE +—£

Z
= {1« 4) % cos tgﬁ +-—E + widx{x, v~ 1} (Eq. 31

[0211]  In Eqg. 29, the weight index wldx(x, y) can be derived from the blending weight

index of the upper neighboring pixel in the above row with a fixed offset value. The fixed offset
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value, (1 € 4) X cos Igo + %} can be derived from a simple look-up table, cosi. |, by using the
given angle index with a g— phase shift. Therefore, only ove row of blending weight values s
required for mask storage. The other rows can be implemented by using the blending weight
values of the previous row with a fixed offset value.

{0212  Independent derivation of weighting indices

{0213} In an embodumnent, the weigh index at position (x, v} in a coding block can be
derived from a specific weight index value, widx{0,0} (which can be determined based on a
block size, the distance offset p, the partition angle @), depending on the coordinate (x, yyand a
cosine table. In this way, the weighting index of each sample in the coding block can be derived
independently.

{0214}  From Eq. 7, the equation below can be derived:

’ - 7
widx(x,v) = wldx(0,0) + x X cos{¢@) +y X cos ((p -+ JE) {Eq. 32)
where
. W . h Ty N
widx(0,8) = — (p +— % cos{@)} +— A cos (go + __:)) {Eg. 33}
2 2 2

{02151  Accordingly, after determining the value of widx{0,0), the weight index of each
sample in a block can be calculated with the Eg. 32 in parallel.

0216}  Lookup table free conversion from weight index to blending weight

j0217F  In an embodiment, fockup table based weight index to final blending weight
conversion s replaced by calculation based conversion. As operations of checking the lookup
table has been removed, a final weighting factor of each sample may be derived in paraliel.

{92181 In some examples, such as the weighted sample process of GEO described in
Section V1, the value of sample weight is set according to a lockup table (e.g., the GeoFilter [ ]
tockup table, Table 3). In order to remove the restriction associated with the look-up table and
enable weighting derivation in parallel, a weight value of a sample can be derived on-the-fly
based on a linear function of weight index. The linear function can convert a weight index to a
blending weight without help of the look table.

02191 As an example, the equation (Eq. 34} below can be employed for converting a
weight index to a blending weight.

weight(x,y) = (zimw&‘hii"fﬂif*'z — wldx(x,y)) » idx2wShif tBit (Eq. 34)
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j0226f  For the floating-point operation based calculation {e.g., Eq. 19 and Eg. 20), no
scaling up is used for calculating wids{x, v}, and the idx2wShiftBitin Eq. 32 can be “0”. The

sample weight can be derived as follows.

weight(x, vy} = 4 — widx{x, v) {Eq. 35)
{9221} For the fixed-point operation based calculation (e g, Eq. 19 and Eq. 20), the

ids2wShiftBit in Eq. 30 can be described as in the Eq. 36.

idx2wShiftBit =m + 3 (Eg. 36)
{02221 The sample weight can be derived on-the-fly by using a right shift operation as

shown in Eq. 37.

weight{x,y) = (2””5 — widx{x, y)) » (m+ 3} (Eg. 37)

{0223}  The typical value of m can be the precision bit number of the cosine table. For
example, m can be 6 or 3 in general.

10224}  Look-up table free motion index caleulation

j0225¢  In an embodiment, a lookup table free calculation method can be emploved for
determining a rootion index. For example, the motion index of a motion storage unit in a current
coding block can be determined, for example, based on a coordinate of the motion storage unit
{Xsp, Yen ), and partition distance offset p (represented by n and 1), partition angel ¢, and block
size of the current coding block. As a result, motion indices motionddx{xy, V¢p ) in the current
coding block may be derived at the same time independently (in paraliel}.

{0226 In some examples, without utilization of the TPM-like motion storage process, a
motion vector storage process can be derived on-the-fly by using the distance between the central
position of a motion storage unit (a subblock) and the split boundary. The motion storage unit
can have a size of 4x4 sampies, or other subblock sizes {e.g., 8x8 samples). The central position
of a WxH subblock may be defined as an integer position at (W/2, H/2), or (W/2-1, H/2-13, or
neighboring positions thereof. Alternatively, the sub-pel position ({W-1)/2.0,(H-1¥/2.0) may be
defined as the central position. The above distance value is compared with a fixed threshold to
determine whether uni-prediction or bi-prediction motion information is stored for the motion
storage unit. The sign of the distance indicates which uni-prediction motion information can be
stored in uni~prediction storage case. The dependency of blending mask and motion storage can

thus be removed.
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{0227 In an example, a motion storage unit (subblock) has a size of 4x4 samples. The
variables X, and y¢p, specifying the position of the 4x4 sublock in a current w X h coding block
in horizontal and vertical directions. The variables Xg, and vy, satisty the equation 8 < 3, <
(w> 2)and 0 <y < (h > Z). Using the concept of Eq. 21 and detailed derivation for
discrete sampling with scaling in Eq. 19, the distance between the central position of the 4x4
motion storage unit and a split boundary can be derived in Eg. 38
N\

{(wx (an+30)) «1
N - ) +3 | % coslyp]

(\((X&b K+ ’%) -

S

n
/
i /
I/ e .
) ((hx (4n +30)) « 1)
motionldx(xg,, Ve ) ({(}’sn K3y +1)« 3) -2 - {Eq. 38)
\

\

+3}><cos{<p+§]
/ 2.
7

{0228} If the distance step number n ts a power of 2 value, division operations in Eg. 38
can be realized by using right shift operations as shown in Eq. 39. To keep relatively high
precision, rounding offset may also be applied.

¢

7/

{ ¢ \ - . . A
= (G <D + 1) «3) - U’ (w x {4n + 3)) « 1) > log, n) + 3)
\ / \ - /
x cos|e]
motion{dx (Ko, Yon) - ((i(&'sb «3)+1) «3) (Eq. 39)

- (({h # {4n + 31’,)) K 1) » log, n\} + 5\,’
- A
X CO8 lqa + ~2~]
{0229 Motion index derived from blending weight index
{0238]  In an embodiment, a motion index, denoted by motionldx(Xgy, Ve, 0f 2 motion
storage unit {a subblock} in a coding block is derived directly from a biending weight index of a
sample position within the subblock. In this way, computational cost for determining the motion
index can be saved or reduced.
j0231}  As described in Section V, the motion index can be derived based on the distance
between the central position of a motion storage unit and a split boundary. The blending weight

index can also be derived from the distance between a sample and a split boundary. Therefore,
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the motion index can be approximated from the blending weight index of a sample that is within
the corresponding subblock, and may not be located at the center of the subblock.

{6232}  In an example, the approximation can be implemented according to Eq. 40.

i< 4

)
oxj<a Fad0

motionfdx(Xey, Vsp) = widx{((xg € 2) + 1, (yop K 2) + ), where |

{02331 In Eq. 36, the motion storage unit in a motion field of a coding block is agssumed
to have a size of 4x4 samples. The coordinate of the sample position within the motion storage
unit is represented by (4, 13, For example, for a motion storage unit having a coordinate of {1, 0)
in the motion field, and a sample position having a coordinate of (2, 2) in the motion storage unit
being designated for calculating a motion index, a weight index at the sample position
{{1<<23+2, (0<<2)+2), that is (6, 2), in the coding block can be used as the motion index of the

motion storage unit. The calculation process can be shown as follows.

motionldx{1,0) = widx{{1 « 2) +2,(0 « 2) + 2} = widx{6,2) (Eq. 41)
{62341  In various examples, the (i, ]) may be equal to (1,1), (1,2), (2,1), and (2,2
corresponding to sample positions neighboring the central position (1.5, 1.5) of the
corresponding subblock.
{0235}  More generally, for a motion storage unit having a size of 2"x2" sampies, the

approximation can be implemented according to Eg. 42,

E/\ If\
/\ /\

gn
on (Eq. 42)

motionddx(xg, Vep) = widx{(xy € 1) + i, (ygp K 1) + ), where {

{0236}  In Eq. 40-42, the blending weight index value at a sample position (x, v} within a
cading block, denoted by widx (x, v}, can be obtained in various ways in various examples.
After blending weight index values have been calculated during a weighted blending process, the
blending weight indices at designated positions within each motion vector storage unit can
directly be used as the motion index values for determination of to-be-stored motion vector types
for each motion storage unit. Compared with calculating a motion index based on a distance of a
central sample position within 3 motion storage unit to a partition edge, computational
complexity can be reduced.

[62371  VIL Example Processes of Geometric Partitioning Mode

L
[
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{0238} FIG. 12 shows a flow chart cutlining an exemplary process {1200} according to
embodiments of the disclosure. In various embodiments, the process {1200) is executed by
processing circuitry, such as the processing circuitry in the terminal devices (210), (220}, (230)
and (240), the processing circuiiry that performs functions of the video decoder (310}, the
processing circuitry that performs functions of the video decoder (410), and the like. In some
embodiments, the process (1200) is implemented in software instructions, thus when the
processing circuitry executes the software insiructions, the processing circuitry performs the
process (1200). The process (1200} can start from (S1201) and proceed to (1210}

{02391 AL (81210), a syntax element can be received from a bitstream of a coded video.
The syntax element can be associated with a current coding block that is partitioned into a first
part and a second part along a partition edge for prediction 10 a geometric partitioning mode
(GPM). For example, the foliowing syntax elements can be signaled in the bitstream: a CU level
GPM enable flag indicating the GPM 1s enabled for the current coding block; a GPM index
indicating a partition mode {corresponding to a partition angel index and a distance offset index
in a table) applied to the current coding block; and two GPM merge indices corresponding to the
first past and the second past of the current coding block.

{02401 At (81220), a weight index at a sample position of the current coding block can be
determined. The weight index, for example, can correspond to & distance of the sample position
to the partition edge. The weight index can subsequently be used to derive a blending weight for
blending two prediction signals corresponding to the first part and the second part of the current
coding block. In an example, the weight index can be converted to the blending weight using a
linear function of the weight index.

{02411 At{51230), a stored motion vector type for a first motion storage unit in a motion
field of the current coding block can be determined based on a motion index of the first motion
storage unit. The weight index at the sample position of the current coding block determived at
(81220} is used as the motion index of the first motion storage unit. For example, the weight
index determined at {81220} can be used to approximate a motion index at a central position of
the first motion storage unit for determining the stored motion vector type. In this way,
computational cost for calculating the motion index at the central position of the first motion

storage unit can be saved or reduced. Decoding performance with GPM can be improved.
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{02421 At {S1240), the motion field of the current coding block can be stored based on
the stored motion vector type determined for the first motion storage unit in the motion field of
the current coding block. For example, two motion vectors corresponding to the two GPM
merge indices can be denoted by MV 1 and MV2. Depending on the stored motion vector type,
MV1 from the first part of the geometric partition, MV2 from the second part of the geometric
partition, and a combined MV of MV 1 and MV2 are stored in the motion filed for the first
motion storage unit. The process (1200} can proceed to (51299}, and terminate at (81299}

{02431 VL Computer System

{0244}  The technigues described above, can be implemented as computer sofiware using
computer-readable instructions and physically stored in one or more computer-readable media.
For example, FIG. 13 shows a computer system (1300) suitable for immplementiog certain
embodiments of the disclosed subject matter.

{0245}  The computer software can be coded using any suitable machine code or
computer language, that may be subject to assembly, compilation, linking, or like mechanisms to
create code comprising instructions that can be executed directly, or through interpretation,
micro-code execution, and the like, by one or more computer central processing units (CPUSs),
Graphics Processing Units (GPUs), and the like.

{0246}  The instructions can be executed on various types of computers or coraponents
thereot, including, for example, personal computers, tablet computers, servers, smartphones,
gaming devices, internet of things devices, and the like.

{0247} The components shown in FIG. 13 for computer system (1300) are exemplary in
nature and are not intended to suggest any limitation as to the scope of use or functionality of the
computer software implementing embodiments of the present disclosure. Neither should the
configuration of components be interpreted as having any dependency or requirement relating to
any one or combination of components illustrated in the exemplary embodiment of a corputer
system (1300).

{0248]  Computer systern (1300} may wclude certain human interface input devices.
Such a human interface input device may be responsive to input by one or more human users
through, for example, tactile input (such as: keystrokes, swipes, data glove movements), audio
input (such as: voice, clapping}, visual input (such as: gestures), olfactory input (not depicted).

The human interface devices can also be used to capture certain media not necessarily directly
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related to conscious input by a human, such as audio (such as: speech, music, ambient sound},
images (such as: scanned images, photographic images obtain from a still image camera}, video
{such as two-dimensional video, three-dimensional video including stereoscopic video).

{02491  Input buman interface devices may include one or more of {only oue of each
depicted): keyboard (1301}, mouse {1302}, trackpad (1303}, touch screen (1310), data-glove (not
shown), joystick (1305), microphone {13006), scanner (1307), camera {1308).

{02507  Computer system (1300} may also include certain human interface output devices.
Such human interface output devices may be stimulating the senses of one or more human users
through, for example, tactile output, sound, light, and smell/taste. Such humao interface output
devices may include tactile output devices (for example tactile feedback by the touch-screen
{1310}, data-glove {(not shown), or joystick (1305), but there can also be tactile feedback devices
that do not serve as input devices), audio output devices (such as: speakers (1309}, headphones
{not depicted)), visual output devices (such as screens {1310) to include CRT screens, LCD
screens, plasma screens, OLED screens, each with or without touch-screen input capability, each
with or without tactile feedback capability—some of which may be capable to output two
dimensional visual cutput or more than three dimensional output through means such as
stereographic output; virtual-reality glasses {not depicted), holographic displays and smoke tanks
{not depicted)), and printers (not depicted). These visual output devices (such as screens (1310))
can be connected to a system bus (1348) through a graphics adapter (1350}

{02517  Computer system (1300) can also include human accessible storage devices and
their associated media such as optical media including CIV/DVD ROM/RW (1320) with
CD/DVD or the like media (1321), thumb-drive {1322}, removable hard drive or solid state drive
{1323}, legacy magnetic media such as tape and floppy disc {not depicted), specialized
ROM/ASIC/PLD based devices such as security dongles (not depicted), and the like.

{0252}  Those skilled in the art should also understand that term “computer readable
media” as used in connection with the presently disclosed subject matter does not encompass
transmission media, carrier waves, ot other transitory signals.

{02831 Computer system (1300} can also include a network interface (1354} to one or
more comrmunication networks (1355). The one or more communication networks (1355} can
for example be wireless, wireline, optical. The one or more communication networks (1355) can

further be local, wide-area, metropolitan, vehicular and industrial, real-time, delay-tolerant, and
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so on. Examples of the one or more communication networks {1355} include local area networks
such as Ethernet, wireless LANSs, cellular networks to include GSM, 3G, 4G, 3G, LTE and the
like, TV wireline or wireless wide area digital networks to include cable TV, satellite TV, and
terrestrial broadcast TV, velicular and industrial to include CANBus, and so forth, Certain
networks commonly require external network interface adapters that attached to certain general
purpose data ports or peripheral buses (1349} (such as, for example USB ports of the computer
system (1300}); others are commonly integrated into the core of the computer system (1300) by
attachment to a system bus as described below (for example Ethernet interface into a PC
computer systern or cellular network interface 1uto a smartphone computer system). Using any
of these networks, computer system {1300) can communicate with other entities. Such
communication can be uni~directional, receive only (for example, broadeast TV), uni-directional
send-only (for example CANNbus to certain CANbus devices), or bi-directional, for example to
other computer systems using local or wide area digital networks. Certain protocols and protocol
stacks can be used on each of those networks and network interfaces as described above.

[0234]  Aforementioned human interface devices, human-accessible storage devices, and
network interfaces can be attached to a core (1340) of the computer system {1300}

{62851 The core (1340} can include one or more Central Processing Units (CPU) (1341),
Graphics Processing Uuits (GPU) (1342), specialized prograromable processing units in the form
of Field Programmable Gate Areas (FPGA) (1343), hardware accelerators for certain tasks
{(1344), and so forth. These devices, along with Read-only memory {ROM) (1345), Random-
access memory {1340), internal mass storage such as internal non-user accesstble hard drives,
S8Ds, and the like (1347), may be connected through the system bus (1348). In some computer
systems, the system bus (1348) can be accessible in the form of one or more physical plugs to
enable extensions by additional CPUs, GPU, and the like. The peripheral devices can be
attached either directly to the core’s system bus (1348}, or through a peripheral bus (1349).
Architectures for a peripheral bus include PCI, USB, and the like.

{0286] CPUs (1341), GPUs (1342), FPGAs (1343), and accelerators (1344) can execute
certain instructions that, in combination, can make up the aforementioned computer code. That
computer code can be stored in ROM (1345) or RAM (1346). Transitional data can be also be
stored in RAM (13406), whereas permanent data can be stored for example, in the internal mass

storage (1347). Fast storage and retrieve to any of the memory devices can be enabled through
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the use of cache memory, that can be closely associated with one or more CPU {1341), GPU
{1342), mass storage {13473, ROM (1345}, RAM (1346}, and the like.

{62571 The computer readable media can have computer code thereon for performing
various computer-implemented operations. The media and computer code can be those specially
designed and constructed for the purposes of the present disclosure, or they can be of the kind
well known and available to those having skall in the computer software arts.

{02581  As an exampie and not by way of limitation, the computer system having
architecture {1300}, and speciticaily the core (1340) can provide functionality as a result of
processor(s) {including CPUs, GPUs, FPGA, accelerators, and the like) executing software
embodied inn one or more tangible, computer-readable media. Such computer-readable media
can be media associated with user-accessible mass storage as introduced above, as well as certain
storage of the core {1340) that are of non-transitory nature, such as core-internal mass storage
{1347y or ROM (1345). The sofiware implementing various embodiments of the present
disclosure can be stored in such devices and executed by core (1340). A computer-readable
medium can include one or more memory devices or chips, according to particular needs. The
software can cause the core {1340} and specifically the processors therein {including CPU, GPU,
FPGA, and the like) to execute particular processes or particular parts of particular processes
described herein, including defining data structures stored 1o RAM (1346) and modifying such
data structures according to the processes defined by the software. In addition or as an
alternative, the computer system can provide functionality as a result of logic hardwired or
otherwise embodied in a circuit (for example: accelerator {1344)), which can operate in place of
or together with software to execute particular processes or particular parts of particular
processes described herein. Reference to software can encompass logic, and vice versa, where
appropriate. Reference to a computer-readable media can encompass a circuit (such as an
integrated circuit (IC)) storing software for execution, a circuit embodying logic for execution, or
both, where appropriate. The present disclosure encompasses any suitable combination of
hardware and software.

{02891 While this disclosure has described several exemplary embodiments, there are
alterations, permutations, and various substitute equivalents, which fall within the scope of the

disclosure. It will thus be appreciated that those skilled in the art will be able to devise numerous
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systems and methods which, although not explicitly shown or described herein, embody the

principles of the disclosure and are thus within the spirit and scope thereof.

Appendix A: Acronyms
ASIC: Application-Specific Integrated Circuit
BMS: Benchmark Set
CANBus: Controller Area Network Bus
CD: Compact Disc
CPUs: Central Processing Units
CRT: Cathode Ray Tube
CTBs: Coding Tree Blocks
CTUs: Coding Tree Units
Ci: Coding Unit
DVD: Digital Video Disc
FPGA: Field Programmable Gate Areas
GEO: Geometric Merge Mode:
GOPs: Groups of Pictures
GPUs: Graphics Processing Units
GSM: Global System for Mobile communications
HIDR: High dynamic range
HEVC: High Efficiency Video Coding
HRD: Hypothetical Reference Decoder
IC: Integrated Circuit
JEM: Joint Exploration Model
JVET: Joint Video Exploration Team
LAN: Local Area Network
LCD: Liguid-Crystal Display
LTE: Long-Term Evolution
MY Motion Vector
OLED: Organic Light-Emitting Diode
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PBs: Prediction Blocks

PCI Peripheral Component fnterconnect
PLD: Programmable Logic Device

PUs: Prediction Units

RAM: Random Access Memory

ROM: Read-Only Memory

SDR: Standard dynamic range

SETL Supplementary Enhancement Information
SNR: Signal Noise Ratio

SSD: Solid-State Drive

TPM: Triangular partitioning mode

TUs: Transform Units,

USB: Universal Serial Bus

YUT: Video Usability Information

VVC: Versatile Video Coding
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WHAT IS CLAIMED 1§:

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

receiving a syntax element from a hitstream of a coded video associated with a current
coding block that is partitioned nto a first part and a second part along a partition edge for
prediction in a geometric partitioning mode;

determining a weight index at a saraple position of the current coding block, the weight
index being used to derive a blending weight for blending two prediction signals corresponding
to the first part and the second part of the current coding block;

determining a stored motion vector type for a first motion storage unit in a motion field
of the current coding block based on a motion index of the first motion storage unit, the weight
index at the sample position of the current coding block being used as the motion index of the
first motion storage unit; and

storing the motion field of the current coding block based on the stored motion vector

type determined for the first motion storage unit in the motion field of the current coding block.

2. The method of clain 1, wherein the sample position of the current coding block at
which the weight index is used as the motion index of the first motion storage unit is a sample

position within the first motion storage unit in the motion field of the coding block.

3 The method of claim 1, wherein the sarople posttion of the current coding block at
which the weight index is used as the motion index of the first motion storage unit is a sample
position neighboring a center position of the first motion storage unit in the motion field of the

coding block.

4. The method of claim 1, wherein the first motion storage unit has a size of 4x4
samples, and the sample position of the current coding block at which the weight index is used as
the motion index of the first motion storage unit is a sample position of a coordinate (2, 2) within

the first motion storage unit in the motion field of the coding block.

5. The method of claim 1, wherein the first motion storage unit has a size of 4x4
samples and is at a position of (xgp, ¥sp) in the motion field of the current coding block, and the

sample position of the current coding block has a coordinate of ({xgb K23+ 2, (vep K23+ 2) in
1
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the current coding block, the weight index at the coordinate of {{(xg, « 2) + 2, (v K 2} + 2)

being used as the motion index of the first motion storage unit,

6. The method of claim 1, further comprising:

performing a calculation to convert the weight index at the sample position of the current
coding block to the blending weight for blending the two prediction signals, the conversion being
based on a linear function of the weight index at the sample position of the current coding block

without using a lookup table.

7. The method of claim 1, wherein the determining the weight index at the sample
position of the current coding block includes:

determining the weight index at the sample position of the current coding block based on
a value o, used to shift the partition edge from a corner of the current coding block, the
value Prugn varying according to a width or a height of the current coding block and an angel of

the partition edge.

8. The method of claim 1, wherein the determining the weight index at the sample
position of the current coding block includes:

determining the weight index at the sample position of the current coding block based on
widx(x,v) = (7{ - ((w ® {(4n + 35)} » (3 + log, n})) X cos{@)
' i
—A{y = {{h x (@n +3D) » (3 + logy n) }x os{@+=
(y ({ (4n + 303} > (3 + log, n_)) Cos ((p f 2)

where widx denotes the weight index, x and y denote a coordinate of the sample position in the
current coding block, w and h denote a width and a height of the current coding block, ¢ denotes
an angle of the partition edge, n denotes a number of distance quantization steps, and 1 denotes a

distance quantization step index.

g, The method of claim 1, wherein the determining the weight 1ndex at the sample
position of the current coding block includes:

determining the weight index at the sample position of the current coding block based on
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widx{(x,v) = ((((\’ i+ 13 & 3} - (((W X {4n + 31)} 1) » loga 7 )) # cosio]
((((y <D +1) « J} (((h x (4n+30)) « 1) > log, n\}) X cos [zp + I—E

where widx denotes the weight index, x and y denote a coordinate of the sample position in the
current coding block, w and h denote a width and a height of the current coding block, ¢ denotes
an angle of the partition edge, n denotes a number of distance quantization steps, and i denotes a

distance quantization step index.

10, The method of claim 1, wherein the determining the weight index at the sample
position of the current coding block includes:

determining the weight index at the sample position of the current coding block based on

w X (41) + 3i) ) { hx{4n+30) ; T s
(x ) X cos{p) — (\y - w————»§1—q——-_—> # COS ((,9 + *2—) when < ¢ < 5
w X V@*z - 3i) " hx{4n+30) T T
(x } x cos{p) — (y - -——~§;1-~———-> X ¢os <rp + ek when 3 =e<n
(x e Mﬂ ~ 30 ) cos(@) - (y —----------------h x Un - 3i)> X cos {(,9 + z) when o < @ < _3..?_
. 8n | ‘ 277 T2
7 A \ o
(x - Kf%%mﬁl) X cos{@) — (v - hx Mﬂ 3D ® Cos (\p + - \} when jg— L2

where wldx denotes the weight index, x and y denote a coordinate of the sample position in the
current coding block, w and h denote a width and a height of the current coding block, ¢ denoctes
an angle of the partition edge, n denotes a number of distance quantization steps, and i denotes a

distance quantization step index.

11, The method of claim 1, wherein the determining the weight index at the sample
position of the current coding block includes:

determining the weight index at the sample position of the current coding block based on
a weight index of a left or upper neighboring sample of the sample position of the current coding

block with a fixed offset value.
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12, The method of claim 1, wherein the determining the weight index at the sample
position of the current coding block includes:
determining the weight index at the sample position of the current coding block based on

a weight index at a coordinate of (0, 0) in the current coding block.

13, The method of claim 1, further comprising:

determining a motion index of a second motion storage unit in the motion field of the
current coding block based on
motionfdx{Xsp, Vop )

= <({(x3,v, &« Ay + 1) & 3} - (((w % (4n + 31’)) & 1} » log, Yi) + 3> % cosi@]

z
7

B (ﬁw“'b «3)+1) «3)~(((nx (4n+30) < 1) » o, P} + 3> x cos [ + JZ]

where motionidx denoctes the motion index of the second motion storage unit, x,, and y,, denote
a coordinate of the second motion storage unit in the motion field of the current coding block, w
and h denote a width and a height of the current coding block, @ denotes an angle of the partition
edge, n denotes a number of distance quantization steps, and 1 denotes a distance quantization

step index.

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

receive a syntax element from a bitstream of a coded video associated with a current
coding block that is partitioned into a first part and a second part along a partition edge for
prediction in a geometric partitioning mode;

determine a weight index at a sample position of the current coding block, the weight
index being used to derive a blending weight for blending two prediction signals corresponding
to the first part and the second part of the current coding block;

determine a stored motion vector type for a first motion storage unit in a motion field of
the current coding block based on a motion index of the first motion storage unit, the weight
index at the sample position of the current coding block being used as the motion index of the
first motion storage unit; and

store the motion field of the current coding block based on the stored motion vector type

determined for the first motion storage unit in the motion field of the current coding block.
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15, The apparatus of claim 14, wherein the sample position of the current coding
block at which the weight index is used as the motion index of the first motion storage unitis a

sample position within the first motion storage unii in the motion field of the coding block.

16, The apparatus of claim 14, wherein the sample position of the current coding
block at which the weight index is used as the motion index of the first motion storage unitis a
sample position neighboring a center position of the first motion storage unit in the motion field

of the coding block.

17.  The apparatus of claim 14, wherein the first motion storage unit has a size of 4x4
samples, and the sample position of the current coding block at which the weight index is used as
the motion index of the first motion storage unit is a sample position of a coordivate (2, 2) within

the first motion storage unit in the motion field of the coding block.

18.  The apparatus of claim 14, wherein the first motion storage unit has a size of 4x4
samples and is at a position of (x,, vep) in the motion field of the current coding block, and the
sample position of the current coding block has a coordinate of {{xg <« 2) + 2, (yep < 2) + 2) in
the current coding biock, the weight index at the coordinate of {(xg, < 2) + 2, (¥ep € 2) + 2}

being used as the motion index of the first motion storage uoit.

19, The apparatus of clairn 14, wherein the circuitey is further configured to

perform a calculation to convert the weight index at the sample position of the current
coding block to the blending weight for blending the two prediction siguals, the conversion being
based on a linear function of the weight index at the sample position of the current coding block

without using a lookup table.

20. A non-transitory computer-readable medium storing instructions that, when
executed by a processor, cause the processor to perform a method of video decoding, the method

comprising:
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receiving a syntax element from a bitstream of a coded video associated with a current
coding block that is partitioned into a first part and a second part along a partition edge for
prediction in a geometric partitioning mode;

determining a weight index at a sample position of the current coding block, the weight
index being used to derive a blending weight for blending two prediction signals corresponding
to the first part and the second part of the current coding block;

determining a stored motion vector type for a first motion storage unit in a motion field
of the current coding block based on a motion index of the first motion storage unit, the weight
index at the sample position of the current coding block being used as the motion index of the
first motion storage unit; and

storing the motion field of the current coding block based on the stored motion vector

type determined for the first motion storage unit in the motion field of the current coding block.
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